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GENERATING RESOURCES 

Introduction 

Because of its geographical diversity, the Pacific 
Northwest is endowed with a wide variety of resources 
that could help meet future energy needs. This chapter 
describes these resources and assesses the prospects for 
their development. All potentially available resources are 
examined. Those whose development appears to be tech
nically, economically, environmentally and institutionally 
feasible within the 20-year planning period are considered 
further for the resource portfolio. Technical, environmen
tal and legal issues associated with the development of 
these resources are described. Resolving these issues is 
essential if these resources are to be available to meet 
future loads. Many of the actions in the Activities Plan 
address the resource development issues described in this 
chapter. 

In addition, another issue often arises from specific 
technical, environmental and legal resource development 
issues, and sometimes persists beyond resolution of these 
issues. This is the issue of public acceptance. While public 
acceptance problems are commonly associated with nu
clear, coal, municipal solid waste, hydropower and trans
mission projects, it is possible that public acceptance may 
present a barrier to the development of any of the new 
resources considered in this plan. 

This plan approaches the issue of public acceptance by 
identifying the concrete technical, environmental and le
gal issues associated with each resource, and by recom
mending actions to resolve these issues. But, the Council 
realistically recognizes that public acceptance may con
strain development of resources. The Council is address
ing this risk through actions intended to make a wide 
diversity of resources available for development. 

Resources Assessed in this Chapter 

Table 8-1 summarizes the cost and availability of re
sources assessed in this chapter. 

1991 NORTHWEST POWER PLAN-VOLUME II 

In this plan, among generating resources, emphasis is 
placed on the assessment of renewable resources and co
generation. These resources are given high priority in the 
Northwest Power Act because their development typically 
results in fewer adverse environmental impacts than con
ventional thermal resources. Moreover, renewable re
source, like conservation resources, often have other 
desirable characteristics such as relatively short develop
ment lead times and small module size. A large propor
tion of the costs of these resources are fixed, potentially 
lending long-term stability to power system costs. 

Significant development of cogeneration and renew
able resources has occurred in recent years in California, 
which, unlike the Northwest, has had a need for new gen
erating resources. This development activity has provided 
useful information for updating earlier estimates of the 
availability of these resources in the Northwest. As a re
sult of this new information, as well as a greater focus on 
these resources, the assessments of cogeneration, biomass, 
geothermal, ocean, solar and wind resources appearing in 
this plan are much more detailed than those appearing in 
previous power plans. 

A second area of significant effort is the assessment of 
new coal resources. Although there are growing uncer
tainties regarding the environmental desirability of new 
coal plants, new coal-fired power plants may be required 
if high load growth continues and other, more environ
mentally desirable resources fail to develop. The cost of 
new coal plants also remains important in identifying oth
er resources that may be cost-effective. 

In earlier plans, the cost of energy from new coal
fired power plants was based on a representative pulver
ized coal-fired plant located at Boardman, Oregon. This 
plan introduces what is believed to be a more realistic 
assessment of the future cost of energy from new coal
fired power plants by considering additional factors, such 
as alternative plant sites, the cost and losses of transmis
sion interconnection, coal price uncertainty and the addi
tional cost of emission controls exceeding current federal 
standards. Moreover, because of environmental concerns 
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regarding use of coal, this plan assumes use of coal gasifi
cation-combined cycle power plants in lieu of the pulver
ized coal-fired power plants used in previous plans. 
Although other types of coal technologies may prove to be 
the "cleanest" at the time the decision to construct a coal 
plant might be needed, coal gasification plants are viewed 
by the Council as the best currently available technology 
for generating power from coal. In addition to providing 
reduced emissions, coal gasification plants provide fuel 
switching flexibility, the ability to phase construction, 
shorter construction lead times, increased fuel use effi
ciency and reduced water consumption. 

Less effort has been directed to reassessing new hy
dropower resources, combustion turbines, combustion tur
bine combined-cycle plants and the various coal-fired 
technologies. These were assessed in depth in the 1989 
Supplement to the 1986 Power Plan. Because the cost and 
performance estimates for these technologies remain val
id, this plan generally relies on the findings of the 1989 
supplement. 

Resource Cost Estimates 

The estimates of resource costs that appear in this 
plan are intended to include the full economic costs of 
constructing, operating and decommissioning power 
plants. These include, as appropriate, the cost components 
listed in Table 8-2. 

Cost of Energy Estimates 

"Reference" levelized energy costs are calculated for 
most resources assessed in this chapter. These costs, sum
marized in Thble 8-1, are intended to reflect the intrinsic 
economic costs of producing energy from these resources 
and facilitate comparisons of these resources on their own 
merits. But, the actual cost of energy from otherwise simi
lar projects can be affected significantly by factors not in
trinsic to the resources. These factors include the type of 
developer and the project service date. When comparing 
costs in nominal dollars, it also is necessary to assess costs 
over a common service lifetime. 

New power plants might be constructed by indepen
dent developers, investor-owned utilities or consumer
owned utilities. The costs of capital and other factors 
affecting plant financing and tax obligations differ for 
these types of developers (see Volume II, Chapter 13). 
Because of this, the cost of energy from plants that are 
physically identical, but constructed by different types of 
developers, will vary. For example, a consumer-owned 
utility such as a public utility district will not be subject to 
federal income taxes, whereas an independent (non-util
ity) resource developer normally will have to pay federal 
income taxes on the return on the investment. 

In addition to bringing different financial characteris
tics to a project, different types of developers will bring 
different levels of investment risk from the ratepayer's 
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perspective. For example, the ratepayers of a consumer
owned utility acting as a project developer assume the re
sponsibility and risks associated with construction and 
operation of the project. Alternatively, if the utility 
chooses to purchase power from an independent develop
er, many of these responsibilities and risks are assumed by 
the independent project developer. Of course, the inde
pendent developer will require a greater return on the 
equity investment as compensation for the assuming addi
tional risk. 

Financial assumptions representative of investor
owned utilities generally were used to develop the refer
ence energy costs appearing in this chapter. This was done 
primarily to achieve parity of investment risk among re
sources. Additionally, investor-owned utility financial as
sumptions produce energy costs midway between those 
resulting from the use of typical independent developer 
financing and those resulting from typical municipal fi
nancing, other factors being equal, and thus better repre
sent "typical" resource costs. 

In this chapter, there are three exceptions to the use 
of investor-owned utility financial assumptions. These are 
the analysis of the use of combustion turbines for backing 
up nonfirm hydropower, the analysis of cogeneration po
tential and the analysis of WNP-1 and WNP-3. The non
firm strategies analysis uses melded financial assumptions 
proportional to the utility owners of nonfirm hydropower 
(the reference cost estimates for stand-alone simple- and 
combined-cycle power plants are, however, based on in
vestor-owned utility financing). The cogeneration analysis 
was based on a model that uses financial assumptions rep
resentative of independent developers. WNP-1 and 
WNP-3 cost assessments are based on the current owner
ship of these plants. 

Representative financial and tax characteristics of in
vestor-owned utilities and other types of resource devel
opers are described in Volume II, Chapter 13. State sales 
taxes are excluded from all resource capital cost estimates. 

Other factors affecting the cost of energy from a pow
er plant include the plant's in-service date and service 
life. Energy costs are sensitive to the date of first service 
because of price escalation and general inflation. Whether 
expressed in real or nominal dollars, energy costs are sen
sitive to real price escalation. The cost of energy from a 
plant using a fuel whose price is increasing in real (fixed
year) dollars over time, for example, will be greater if the 
plant sees service in 2000, than if the plant goes online in 
1995. Levelized energy costs expressed in nominal dollars 
(the convention in this plan) are further affected by gener
al inflation. In an inflationary environment, the nominal 
dollar cost of energy from a plant coming into service in 
2000 generally will be greater than for the same plant 
coming into service in 1995. 
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Table 8-1 
Generating Resource Cost and Availability Summary (1990 Dollars) 

Quantity Cost• 

Available Promising Range Average Earliest 
Resource (MWa) (MWa) (cents/kWh) (cents/kWh) Service Comment 

Biomass (Stand-Alone Power Plants) 

• Miscellaneous Wood and 90 - 10.1-17.6 14.6 1996 Resource uncertainty: 
Agricultural Residue 0 to 430 MW 

• Sewage Treatment/ n/est n/est n/est n/est n/est Small resource 
Landfill Gas potential 

Coal 

• Eastern Montana 1,704 - n/est 11.3 2000 
(Colstrip) 

• Eastern Washington 745 - n/est 11.1 1996 
(Creston) 

• Eastern Oregon 745 - n/est 11.6 1998 
(Boardman) 

• Northern Nevada 716 - n/est 12.7 1998 
(Thousand Springs) 

• Western Washington 750 - n/est 11.9 1998 
Oregon (Centralia) 

Cogeneration 

• Biomass Fuelsb 480 - <5.9-8.9 7.5 1995 Resource uncertainty: 
0 to 1,570 MW 

• Natural Gas Fuelsc 1,720 - <5.9-11.8 10.6 1995 Resource uncertainty: 
210 to 3,540 MW 

Generating Plant Efficiency Improvements 

• Hydropower 110 150 0.1-3.3 - 1994 Full recovery over 
20 years 

• Thermal 58 - 0.6-7.5 6.8 1992 

Geothermal 

• All Provences 350 1,000 6.3-11.1 10.4 1994 

Hydro power 

• New Hydropower 410d - < 2.4-13.4 8.4 1993 Resource uncertainty: 
185 to 900 MW 

Natural Gas/Fuel Oil 

• Simple-Cycle 0 - - 12.3e 1997i 
Combustion Turbines 

• Combined-Cycle 2,500 - - 9.3e 1993i 
Combustion Turbines 

Municipal Solid Waste 

• Exclusive of Spokane 30 - n/est -1.lf 2000 Resource uncertainty: 
0 to 100 MWa 
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Table 8-1 (cont.) 
Generating Resource Cost and Availability Summary (1990 Dollars) 

Quantity Cost" 

Available Promising Range Average Earliest 
Resource (MWa) (MWa) (cents/kWh) (cents/kWh) Service Comment 

Nuclear 

• WNP-1 818 - n/app 9.3 1999 

• WNP-3 868 - n/app 8.5 1999 

• Advanced Reactors 0 - n/est n/est 2000+ Uncertain commercial 
availability 

Ocean 

• Wave Power 0 g - 22 - Immature technology 

• Marine Biomass 0 - - - - Immature technology 

• Salinity Gradient 0 - - - - Technology not 
available 

• Ocean Current 0 - - - - Immature technology 

• Tidal Power 0 0 n/est 84 - Poor resource in 
Pacific Northwest 

• Ocean Thermal 0 0 - - - No resource potential 
in Pacific Northwest 

Solar 

• Photovoltaic 0 n/est n/est 30 1994 

• Parabolic Trough with 480 n/est n/est 18 1994 
Gas Backup 

Transmission and Distribution Loss Reduction 

• Conservation Voltage 100 - - <2.0h 1991 
Regulation 

• Efficient Distribution 64 - l.4-ll.8h - 1992 Full recovery over 
Transformers 20 to 30 years 

• Reconductoring 99 - 3.9-12.5h - 1992 Full recovery over 
20 to 30 years 

• Federal Projects 39 - 1.0-1511 - 1994 

Wind 

• All Sites 663 1,000 9.5-16.8 9.9 1995 

a Costs are levelized nominal for hypothetical 1990 commercial service, normalized to a 40-year operating service life. Interconnec-
tion costs are included. 

b Pulp and paper and wood products sectors. 

C Petrochemical, hospital and institutional sectors. 

d Firm energy. Total average energy is 510 megawatts. 

e Operating at maximum availability, excludes effects of displacement with nonfirm hydropower. 
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Table 8-1 ( cont.) 
Generating Resource Cost and Availability Summary (1990 Dollars) 

The cost of electricity from a municipal solid waste plant is affected by the cost of alternative waste disposal methods, and hence 
the fee paid to the plant operators for taking the waste. For this plan, the price of electricity from a municipal solid waste plant was 
assumed to be about 8 cents per kilowatt-hour, the approximate avoided resource cost in the year 2000. 

g Several hundred megawatts of potential. 

h A conservation resource; costs exclude conservation credit. 

Earliest service dates are for sites licensed for coal gasification. Service dates would be two years earlier if no provisions were 
made for gasification. 

Table 8-2 
Economic Costs Considered in the Resource Assessments 

Acquisition Program Administration Costs 

Siting and Licensing Costs 

• Land options • Permits and licenses 

• Easements and right-of-way acquisition • Geotechnical surveys 

• Owner's costs during siting and licensing • Environmental impact statement 

Construction Costs 

• Land acquisition • Transmission interconnect to grid 

• Site utilities and services • Spare parts inventory 

• Direct construction costs • Royalties 

• Construction management and engineering • Socioeconomic impact mitigation 

• Contingency allowance • Preproduction (start-up) costs 

• Owner's costs during construction • Sales tax (where applicable) 

• Switchyard • Interest during construction 

Fuel Costs 

• Fixed fuel delivery costs • Fuel commodity costs 

• Fuel inventory 

Operating and Maintenance Costs 

• Fixed operating and maintenance costs • Post-operational capital replacement 
(for operating through the expected service life) 

• Variable operating and maintenance costs • Property taxes 

• Consumables • Insurance 

• By-product credit • Generating taxes and gross revenue taxes 

Decommissioning Costs 
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The nominal reference energy costs appearing in this 
chapter are based on a common, hypothetical 1990 in-ser
vice date. Actual projects will, of course, see service at 
later and varied dates. Other factors being equal, levelized 
energy costs for actual projects having later start-up dates 
generally will be greater than the costs appearing in this 
chapter because of the effects of price escalation and gen
eral inflation. 

Although energy costs expressed in real dollars are 
insensitive to project service life, nominal dollar estimates 
must be normalized to a common service period to ac
count for the replacement costs needed for resources an
ticipated to have shorter service lives. The nominal 
reference costs appearing in this chapter are normalized 
to a common 40-year service period. 

The electrical use forecasts and the resource portfolio 
analysis described in Volume II, Chapters 6 and 10, re
spectively, account for the cost effects of service date and 
service life. 

Content of the Following Sections 

The first part of each of the following sections in
cludes an introduction to a resource, followed by descrip
tions of the technologies available for its use and general 
issues associated with its development. The second part of 
each section consists of an assessment of the potential for 
the future development of the resource in the Northwest. 
The availability and cost-effectiveness of the resource are 
assessed, and specific constraints to development in the 
Northwest are identified. The sections conclude with a 
table of the planning assumptions used for subsequent 
portfolio analysis of the resource. 
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Biomass 

Biomass fuels are defined as any organic matter that 
is available on a renewable basis. This includes forest resi
dues, wood product (mill) residues, agricultural field resi
dues and processing waste products, agricultural and 
forest crops grown for fuel and municipal solid wastes. 
The physical characteristics of these materials vary widely 
depending on the source. They may have a high moisture 
content, as in animal wastes, or low moisture content, as 
in plastics in municipal solid waste. Their heating value 
generally is related to their moisture content, but biomass 
energy density generally is low compared to coal or petro
leum fuels. Biomass fuels typically are low in sulfur and 
nitrogen, and have minimal atmospheric impact when 
burned correctly. 

Biomass fuels (which originate generally as solids) can 
be converted to liquid or gaseous fuels, or they can be 
burned directly to generate steam. When used to generate 
electricity, solid biomass fuels generally are burned in 
steam-electric power plants. Conversion of biomass fuels 
to liquid or gaseous forms broadens the range of conver
sion technologies that may be used to generate electricity. 
In addition to steam-electric power plants, diesel-electric 
power plants, combustion-turbine plants and fuel cells 
may be used to generate electricity from liquified or gasi
fied biomass. 

Largely because of the abundance of Northwest forest 
resources, biomass currently plays an important role in 
meeting the region's total energy needs. Most of the cur
rent contribution of biomass to the Northwest energy sup
ply is from the direct use of biomass for industrial process 
heating and residential space heating. Biomass plays a 
lesser role in the generation of electric power. 

The total capacity of biomass-fired power plants in 
the region that sell power to electrical utilities is about 
470 megawatts, somewhat over 1 percent of total regional 
capacity. Three utility plants using wood residues operate 
in the region. These include the Washington Water Power 
Kettle Falls Generating Station, the Eugene Water and 
Electric Board Willamette Steam Plant2 and the Tacoma 
Department of Public Utilities Steam Plant 2 (designed to 
accept coal and refuse-derived fuel, in addition to wood 
waste). The total capacity of these plants is 126 megawatts, 
and they produce on average about 90 megawatts of ener
gy. 

Additionally, there are about 25 non-utility generating 
plants in the Northwest using biomass as a primary fuel 
that contract to sell power to electrical utilities. Several 
plants have been developed by independent power produc
ers, but most are cogeneration plants in the lumber and 
wood products industry and the pulp and paper industry. 
Many of the latter plants bum spent pulping "liquor." 
Although records are uncertain, about 380 megawatts of 
capacity from non-utility biomass-fired power plants are 
contracted to Northwest electric utilities. The energy pro
duction of these plants varies year to year depending upon 
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fuel cost and availability, and the owners' needs for elec
tricity and steam. 

The Council did not consider a specific amount of 
biomass for the 1986 Power Plan resource portfolio. Citing 
uncertainties regarding the cost and availability of this 
resource, the Council called for studies, through the Pacif
ic Northwest Regional Bioenergy Program, to improve 
understanding of the cost and availability of biomass fuels. 

For this power plan, the Washington State Energy 
Office agreed to prepare an estimate of the future avail
ability and cost of biomass resources for electric power 
generation. That study, prepared by Dr. James D. Kerstet
ter, assessed the availability and cost of the principal bio
mass residues available for future use in the Pacific 
Northwest, including forest residues, wood products resi
dues, agricultural residues and municipal solid waste. This 
section summarizes the findings of the Kerstetter paper 
and discusses the Council's conclusions regarding the cost 
and availability of biomass. This section also assesses the 
potential for new stand-alone electric power generation 
using biomass fuels (except for municipal solid waste, 
which is discussed in a separate section of this chapter). A 
portion of the biomass fuel supply will be used for new 
cogeneration applications. An assessment of the potential 
for biomass-fired cogeneration is contained in this chap
ter's section on cogeneration. 

Technology 

A variety of technologies can be used to generate 
electricity from biomass fuels. Most applications involve a 
fuel preparation step followed by combustion in a ther
mal-electric generating plant. Fuel preparation may be 
simple chipping of forest residue, or complex chemical or 
biological processes that convert the normally solid bio
mass residues into gaseous or liquid fuels. Most biomass 
residues originate as solids. At present, solid biomass fuels 
must be burned in direct-fired steam-electric plants of 
low to moderate efficiency. However, pressurized fluidi
zed-bed power plants under development also may allow 
solid biomass to be used directly in high-efficiency com
bined-cycle plants. 

1. Much of the background information and analysis in this 
section was taken from the paper Assessment of Biomass Re
sources for Electric Generation in the Pacific Northwest. This pa
per was prepared for the Council by Dr. James D. Kerstetter of 
the Washington State Energy Office. It was released as Council 
Staff Issue Paper 89-41 Biomass Resources, October 16, 1989. 
The Northwest Power Planning Council appreciates the assis
tance that it has received from the Washington State Energy 
Office in support of the assessment of biomass resources for 
this plan. 

2. Currently shut down. 
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Conversion to gaseous or liquid forms permits solid 
biomass residues to be used for a much broader range of 
generating plant types. Gasified or liquified biomass may 
be used to fuel combustion turbines, internal combustion 
reciprocating engines and fuel cells, in addition to conven
tional steam-electric plants. Gaseous or liquid fuels can 
be stored more readily than the original residue. This may 
be useful in smoothing out the seasonal fluctuations in 
supply of many biomass residues. 

Direct-Firing of Biomass 

Most generation of electricity using biomass is accom
plished in direct-fired steam-electric power plants. Prior 
to firing, the residue typically is reduced to a uniform par
ticle size by chipping or grinding. Additional preparation 
steps may include drying and compression into pellets, 
briquets, logs or cubes to facilitate transportation, storage 
or firing. 

A biomass-fired steam-electric power plant consists 
of a furnace and steam-generator, a steam turbine-elec
tric generator and a condenser cooling system. The fur
nace may use either conventional stoker firing or may use 
the newer fluidized bed for improved combustion control. 
Steam from the steam generator drives a turbine genera
tor. Exhaust steam from the turbine is condensed and re
turned to the steam generator. A cooling system, 
generally employing a cooling tower, is used for condenser 
cooling. Plants burning wood or agricultural residues use 
cyclones, baghouses or precipitators to remove particulates 
from the flue gas. Additional emission control devices 
generally are not necessary. Direct-fired steam-electric 
plants may be stand-alone, or may cogenerate steam or 
hot water for industrial processes or space heating. 

Biomass-fired steam-electric generating plants gener
ally operate at low to moderate efficiency (approximately 
17 to 25 percent), compared to the efficiencies commonly 
attainable with fossil-fuel steam plants. A developing 
technology that eventually may improve the efficiency to 
generate electricity using solid biomass fuels is the pres
surized fluidized-bed power plant. This design allows the 
use of solid fuels to directly fire a combined-cycle power 
plant, resulting in greatly improved efficiency. In a pres
surized fluidized-bed plant, the fuel is burned in a closed 
furnace. The hot, pressurized combustion gasses are 
cleaned, then directed to a gas turbine driving an electric 
generator. Exhausting from the gas turbine, the still-hot 
gasses pass through a heat-recovery steam generator 
where steam is generated to drive a turbine generator, as 
in a conventional steam-electric plant. 

Biomass Gasification 

Among the processes that may be used to convert bio
mass residues to gaseous fuels are anaerobic digestion and 
partial combustion. Anaerobic digestion is a biological pro
cess that converts many biomass materials into a mixture 
of 60 percent methane and 40 percent carbon dioxide. This 
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process is used commonly for treating municipal sewage, 
and the product methane is increasingly used to generate 
electricity or is injected into the natural gas system. The 
methane (the major component of natural gas) can be 
used to fuel steam-electric plants, combustion turbines, 
reciprocating engine generators or fuel cells. (Additional 
discussion of combustion turbine technologies is provided 
in the Nonfirm Strategies section of this chapter.) 

Controlled partial combustion of biomass can yield 
product gasses including carbon monoxide, hydrogen, 
methane, carbon dioxide and nitrogen. The exact composi
tion of the product depends upon the biomass feedstock 
and the oxidant. If air is used for combustion, a low heat
ing value (200 British thermal units per standard cubic 
foot)3 fuel is produced. Using pure oxygen for combustion 
produces a fuel of intermediate heating value (600 Btu/ 
scf). For comparison, natural gas has a heating value of 
about 1,000 Btu/scf. The resulting fuels generally can be 
used in the same type of generating equipment as meth
ane, although low-Btu gasses may require co-firing with 
fuel oil to maintain ignition. 

Biomass Liquefaction 

Processes are under development for the production 
of liquid fuels from biomass products. Many processes in
volve the addition of hydrogen to a carbon-rich feedstock 
to produce an oil with a high hydrogen-to-carbon ratio. 
One benefit of liquefaction is the ability to use biomass 
materials to fuel a wider variety of power plants (including 
transportation applications that might compete with elec
tric generating applications for fuel supply). A second 
benefit would be the improved ability to store the product. 
This would provide a means of smoothing the seasonal 
fluctuations in supplies of biomass raw materials. 

Development Issues 

Issues affecting the availability and use of biomass for 
electric power generation include the effect of competing 
uses on the availability of biomass fuels, the costs of col
lecting and transporting these fuels, seasonal and interan
nual fluctuation in fuel supply, air quality impacts, land 
impacts of residue removal and global warming consider
ations. 

Competing Uses 

The amount of residue available as fuel for electric 
power generation is constrained by competing uses for 
these materials. Use of the material as bulk fuel often has 
the lowest economic value of several possible uses for 

3. Standard cubic foot (scf) is one cubic foot of gas at standard 
temperature and pressure (59° Fahrenheit, atmospheric pres
sure). 

1991 NORTHWEST POWER PLAN - VOLUME II 



GENERATING RESOURCES 

these materials. For example, residential firewood is a 
higher value use for some logging residues; pulp chips are 
a higher value use for some mill residues; and erosion 
control may be a higher value use for some agricultural 
wastes. Improvements in collection and transportation 
methods will not only contribute to an increased supply of 
these materials for bulk power plant fuel use, but also will 
expand markets for competing uses. The strength of mar
kets for competing uses adds to the uncertainties regard
ing the future cost and availability of these materials for 
electric power generation. For example, increasing restric
tions on the use of wood stoves for residential heating in 
urban areas would depress the market for residential fuel 
wood and thereby increase the availability of logging resi
due for bulk fuel. Strong demand for paper will depress 
the availability and increase the cost of mill residue. 

Fuel Collection and Transportation 

Logging and agricultural residues are produced at 
many scattered locations. Use of this material for electric 
power generation would require establishing systems for 
the routine collection and transportation of these materi
als to a central power plant. This problem is complicated 
by the low energy density of biomass residues, especially 
agricultural crop residues, which increases the bulk of ma
terials needing to be handled. Logging residues present a 
further problem in that logging sites are not constant, but 
move from year to year. Collection and transportation is 
less of a problem with mill residues, because these are 
generated at mill sites and often may be used for cogener
ation at these same sites. In general, it is not economically 
feasible to haul biomass residue fuels further than about 
50 miles. This limits the size and possible location of bio
mass-fired power plants. 

Fuel Supply Fluctuation 

Because biomass residues are produced as a by-prod
uct of some other activity, and are subject to competing 
uses, the supply of biomass fuels may vary significantly, 
both seasonally and annually. Logging activity varies sea
sonally and annually as the market for wood products fluc
tuates and, with it, the supply of logging residue. The 
production of mill residue also varies with the wood prod
ucts market, and its availability is further influenced by 
competition for wood chips by the paper industry. The 
production of agricultural residues varies with the season
al harvest cycle, the agricultural economy and shifts in 
crop patterns and weather. 

In contemplating large scale uses of biomass residues 
for electric power production, it is useful to view this re
source as one with firm and nonfirm components, much 
like hydropower. The feasibility of using biomass residues 
as power plant fuel can be enhanced by developing meth
ods of "firming" the nonfinn portion of the fuel supply 
through mechanisms such as improved storage, use of 
back-up fuel supplies and long-term fuel supply contracts. 
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Air Quality Impacts 

Most biomass fuels ( except municipal solid waste) are 
low in sulfur and may be burned without production of 
sulfur dioxide. Air quality problems associated with the 
use of biomass fuels involve uncombusted hydrocarbons 
and particulate material. These can be controlled by fur
nace design, combustion control and flue gas cleaning 
technologies, including cyclones, baghouses and wet scrub
bers. 

Combusting logging and agricultural crop residues 
under the controlled conditions of a power plant may 
benefit air quality by reducing the amount of these materi
als that otherwise would be disposed of using uncon
trolled, open burning. 

Land Impacts 

Use of logging residues, mill residues and agricultural 
residues for power plant fuel will have no incremental 
impact on land use and habitat quality, providing that suf
ficient materials are retained on site to provide erosion 
control and wildlife cover. The level of use assumed in 
this analysis would represent only a small portion of total 
available material, and sufficient material should be avail
able for erosion control and wildlife cover. 

Global Warming 

The issue of global wanning due to increased atmo
spheric emissions of greenhouse gases may be the most 
important factor promoting the use of biomass fuels for 
electric generation. Carbon dioxide is a major greenhouse 
gas. That is, carbon dioxide, along with other gases, col
lects in the atmosphere, forming a "blanket" that allows 
solar radiation to penetrate to the earth's surface, but re
duces the re-radiation of this energy back out of the atmo
sphere. The result of an excess of greenhouse gases 
appears to be gradual global wanning. All carbon-contain
ing fuels, including coal, fuel oil, natural gas and biomass, 
produce carbon dioxide when burned. Biomass, however, 
is produced during photosynthesis by combining carbon 
dioxide from the atmosphere with water. Sunlight provides 
the energy for this process. Thus, if the plants from which 
the biomass fuels are derived are regrown, biomass com
bustion makes a zero net contribution to atmospheric car
bon dioxide concentrations. 

Biomass Power Potential in the Pacific 
Northwest 

Because major segments of the economy of the Pacific 
Northwest are based on natural resources, large quantities 
of wastes from the forest products and agricultural indus
tries could be used for electric generation. The type and 
source of biomass fuel varies widely within the region, 
both on a geographical basis and over time. 
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Fuel Supply and Cost 

Biomass residue is generated as a result of producing 
consumer products such as lumber and paper. The volume 
of residue generated depends upon the quantity of a con
sumer product produced and a residue factor. For exam
ple, logging residues are produced because timber is 
needed to produce lumber, pulp, or plywood. The residue 
factor has units of tons of residue/board feet harvested 
and is a function of both the harvest method and the tim
ber stand characteristics, such as the age of the trees and 
the species. Other materials have residue factors with 
units of tons of residue per unit of production, and their 
numerical value depends upon the process or resource 
being considered. 

There are four principal sources of biomass fuels in 
the Northwest. These are logging residues, residues of 
wood product manufacturing, agricultural field residues 
and municipal solid waste. It is not considered cost-effec
tive currently to grow trees specifically for fuel. 

Figure 8-1 shows the average quantity of logging, agri
cultural and mill residues that were produced over the last 
10 years for each state in the region. To put this in per
spective, compare the total annual average quantity of 
residues generated in Washington (315 trillion Btu) with 
Washington's total industrial fuel use for 1986 (284 trillion 
Btu). 
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Logging Residues 

Primarily because of collection and transportation 
costs, logging residue is not currently recovered for elec
tric power generation in the Pacific Northwest. The 
amount of logging residues available for electric power 
generation is determined by harvest volume, logging prac
tice, stand characteristics, competing uses for logging resi
due and constraints on the traditional disposal by slash 
burning. 

Harvest volume is predicted to decline in the Pacific 
Northwest. Residue factors also will decrease as harvests 
shift to second-growth stands. The net effect of these fac
tors is estimated to be about a 30-percent reduction over 
the next 20 years (Kerstetter, 1989). New harvesting tech
niques, such as whole tree harvesting, also may contribute 
to reductions in the residue factor. Although this practice 
will reduce collection costs for the remaining residue, it 
could make the residue more desirable for competing 
uses. 

Competing uses of logging residues include the pulp 
and paper industry, residential firewood, and the produc
tion of particle, fiber and chip-based wood products. The 
future also might see greater use of chipped logging resi
due for nutrient recycling and erosion control. Firewood is 
presently the most significant use of logging residue. 

Biomass 
Residues 
Produced 
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Figure 8-1 
Average Production 
of Biomass Residues 
in the Pacific 
Northwest 
(1977-1987) 
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At present, the demand for logging residue by com
peting uses is low, relative to the size of the resource. If 
this condition continues, the price for logging residue as 
electric power generation fuel will be largely determined 
by collection and transportation costs. 

The analysis prepared for the Council (Kerstetter, 
1989) estimated a regionwide maximum availability of log
ging residue for power plant fuel of 36 trillion Btu per 
year. This amounts to about 20 percent of the annual re
gional total of logging residue forecast to be produced in 
the 1991 to 1995 period. This regionwide maximum avail
ability is forecast to decline to about 29 trillion Btu per 
year in the 2001 to 2010 period. This material is estimated 
to be available at prices of up to $3.60 per million Btu, 
delivered. This price represents large material (4 to 8 in
ches in diameter, or larger, depending on the terrain) that 
can either be mechanically collected ( on flat ground), or 
skidded to a landing platform (on steep slopes). This is 
basically the same material that is now required by the 
U.S. Forest Service to be piled and burned as slash. Small
er material, necessary for rejuvenation of soil nutrients 
and erosion control, is assumed to be uneconomical to 
recover. The fuel cost estimate includes the cost of trans
porting the material 50 miles to the generating station. 
Transportation may take a variety of forms. Some material 
is large enough to be hauled by log trucks. Where less 
steep slopes make smaller material economical to collect, 
the material might be chipped on site and hauled in chip 
trucks. 
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The regional availability of logging residue is forecast 
to decline from current levels through the end of the 
planning period. Because biomass power plants would op
erate for 20 to 30 years, and because most development to 
meet new load growth would not occur sooner than the 
late 1990s, the Council has adopted estimates of availabil
ity consistent with the post-2001 estimates of logging resi
due availability. Because of uncertainties affecting the 
future availability of logging residue as fuel, the Council 
has developed a conservative probability distribution of 
logging residue fuel availability. The most probable value 
of this distribution (see Figure 8-2) is roughly 50 percent 
of the value estimated in the Washington State Energy 
Office study. 

Therefore, the Council has adopted a most probable 
value of 15 trillion Btu per year and a maximum of 30 tril
lion Btu per year of logging residues available for electric 
power generation at a cost of $3.60 per million Btu. This 
amount would support generation of a most probable val
ue of 110 megawatts of electric energy and a maximum of 
230 megawatts of electric energy, if used in stand-alone 
generation. If all of the fuel were used in cogeneration 
applications, the energy production potential could be 750 
megawatts for the maximum case and 375 megawatts for 
the most probable case. 
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Mill Residues 

The amount of mill residue produced is a function of 
activity in the wood products sectors, competing demands 
for the resource and transportation costs. Wood product 
residues are used as fiber sources in the production of 
pulp and paper, to provide process energy to pulp and pa
per plants, in the manufacture of wood products, and for 
miscellaneous uses, such as animal bedding and landscap
ing. Because the demand for and prices offered for mill 
residues in these categories change over time, sometimes 
dramatically, it is difficult to predict how much of the re
source will be available for electricity generation at com
petitive prices. 

As little as 5 trillion Btu to as much as 78 trillion Btu 
of mill residues may be available annually in 2010 for elec
tric power generation at prices ranging from about $0.45 
to $1.10 per million Btu (Kerstetter, 1989, escalated to 
1990 dollars). Costs of mill residues are less than those for 
logging residues, because mill residues are generated at 
mill sites, reducing collection and transportation costs. But 
because most competing uses for mill residues are higher 
value uses and can outbid power plants for the residue, 
the Council has adopted a most probable value of 10 tril
lion Btu and a maximum of 50 trillion Btu of annual fuel 
availability (see Figure 8-3). The Council has conservative
ly estimated that this fuel would be available for electric 
power generation at about $1.10 per million Btu, the up 
per end of the range of costs estimated by Kerstetter. This 
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fuel could supply about 75 to 380 megawatts of electric 
energy if used for stand-alone generation or 250 to 1,250 
megawatts if used for cogeneration. Most of this fuel 
could be used in cogeneration applications because the 
resource originates near cogeneration opportunities. 

Agricultural Field Residues 

Although used to a small degree in California and 
elsewhere, agricultural field residues are not currently 
recovered for electric power generation in the Pacific 
Northwest. The amount of agricultural residues available 
for electric power generation is determined by volume of 
the grain and seed crops from which they are primarily 
derived; the yield, which varies annually; the residue fac
tor for particular crops; competing uses ( erosion control 
and nutrient recycling); and constraints on traditional 
means of disposal ( e.g., field burning). 

No significant change in the availability of field resi
dues is forecast over the planning period, but significant 
year-to-year variation will occur, due in a large degree to 
the weather (Kerstetter, 1989). Good growing conditions 
produce more residue than poor growing conditions. From 
this perspective, much of the field residues resource 
should be viewed as a nonfirm resource. 
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Probably the greatest constraint to the use of agricul
tural field residues for generation is the difficulty of col
lection and storage. It may be feasible to use this resource 
only where crops are available to support a power plant 
within a radius of 40 to 50 miles. 

Given the high uncertainty due the variability of crop 
production and the problems of collection and storage, the 
Council has adopted a most probable availability of agri
cultural residues for fuel of 5 trillion Btu per year and a 
maximum availability of 35 trillion Btu (see Figure 8-4). 
This amount of fuel would produce approximately 38 to 
266 average megawatts of electricity if used in stand-alone 
generating plants. Most of this generation likely will be 
stand-alone, since the locational constraints of the re
source will limit opportunities for cogeneration. 

This fuel is estimated to cost about $2.40 per million 
Btu on average (Kerstetter, 1989, escalated to 1990 dol
lars). This estimate includes costs of collection, transporta
tion up to 40 miles and storage. 

Other Biomass Resources 

There are other sources of biomass fuels that are not 
quantified in this power plan. They include spent pulping 
liquor, urban wood waste, energy crops, landfill gas, diges
ter gas, agricultural processing plant waste, log yard waste, 
bark from export log operations and others. Energy crops 
have not been assessed in this plan because earlier studies 
have generally shown that the growing of biomass specifi-
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cally for power plant fuel is not economical. Furthermore, 
there typically are higher value products that could be 
grown on potential energy crop sites. 

Spent pulping liquor is a residue produced during the 
production of pulp. It contains organics that can be burned 
and inorganic chemicals that can be recycled back into the 
pulping process. Chemical recovery boilers are used to 
recover chemicals and generate steam. In Oregon in 1983, 
spent pulping liquors provided 38 trillion Btu of energy to 
the pulp industry while wood wastes provided 10 trillion 
Btu (Kerstetter, 1989). Some pulp mills use steam from 
chemical recovery boilers for cogeneration. The potential 
for new electric generation from pulping liquors is un
known at this time, but it may be large. 

These other resources, except energy crops, often 
present a disposal cost to the waste generator. Thus, if 
used for fuel, the avoided waste disposal cost may offset 
collection and transportation costs, and may result in an 
overall negative cost, similar to the tipping fee charged for 
disposal of municipal solid waste. Urban wood waste, log 
yard waste and bark from export operations could serve as 
a supplemental fuel to mill residues where mill residue is 
used as fuel on-site. 

10 15 20 25 30 35 40 45 50 

Trillion Btu 
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Allocation of Biomass Fuels to Cogeneration 
and Non-cogeneration Uses 

Other factors being equal, cogeneration use of fuel is 
of greater value than use in stand-alone power plants be
cause of the greater efficiency of fuel use in cogeneration 
plants. But cogeneration requires a host facility that can 
use the thermal energy produced by the cogeneration 
plant. The cost of transporting biomass fuels and the wide
ly distributed sources of some of these fuels will limit the 
amount of this fuel that can be used for cogeneration. 

Mill residue offers the greatest potential for cogener
ation, because wood product manufacturing facilities often 
are good candidates for cogeneration. The Council as
sumed that about 80 percent of the fuel expected to be 
available from mill residues (8 trillion Btu) could be used 
for cogeneration. This amount of fuel could support about 
200 megawatts of cogeneration. 

Logging residue has more limited potential for cogen
eration, because the source of this fuel often is remote 
from industrial and population centers. But because trans
portation is available between logging operations and 
wood products manufacturing facilities, approximately 75 
percent of fuel expected to be available from logging resi
dues (11 trillion Btu) is estimated to be available for co
generation operations. This could support about 280 
megawatts of cogeneration. 

Because of the widely distributed sources and low en
ergy density of agricultural residues, it is assumed that all 
of this fuel is used for stand-alone generation. 

The Council's assumptions regarding the price, avail
ability and use of biomass residues are summarized in 
Table 8-3. 

The potential for future cogeneration development in 
the Northwest using biomass fuels is described in the "Co
generation" section of this chapter. Use of biomass fuels 
for stand-alone generation is described below. 

GENERATING RESOURCES 

Representative Biomass-Fired 
Power Plant 

A 25-megawatt capacity wood-fired steam-electric 
plant was selected as the representative stand-alone bio
mass-fired power plant. This is a commercially-mature 
technology, available from many suppliers. More advanced 
technologies are available, but are likely to be used for 
special situations, such as seasonally-available fuels, 
where fuel processing, such as liquefaction, might enhance 
the feasibility of using these fuels. 

The cost and performance characteristics of the repre
sentative plant are shown in Table 8-4. Construction and 
operating costs are based on a 1984 study conducted by 
Seattle City Light and reported in the Kerstetter report, 
and subsequently escalated to 1990 dollars. Siting and li
censing costs and lead times, and construction lead times 
are based on a 1982 Council study of methods of shorten
ing power plant development lead times (Battelle, 1982a). 
Plant performance characteristics, except for equivalent 
annual availability are typical values reported in the Kers
tetter report. A somewhat more conservative equivalent 
annual availability of 80 percent was used for this analysis. 

Reference Energy Cost Estimates 

Reference levelized energy costs for the representa
tive biomass-fired power plant, using the three types of 
biomass fuels, are shown in Table 8-5. These costs were 
calculated using the reference financial and service date 
assumptions described in the introduction to this chapter. 
The plants are assumed not to be displaceable, and costs 
are calculated using a capacity factor equal to plant avail
ability. 

Table 8-3 
Price and Availability of Biomass Residue Fuels (1990 Dollars) 

Availability (TBtu) 

Generation Cogeneration Price (delivered) Escalation Rate 
(Low /Expected/High) (Low /Expected/High) ($/MMBtu) (%/yr. real) 

Logging Residue 0/4/8 0/11/22 $3.60 0% 

Mill Residue 0/2/10 0/8/40 $1.10 0% 

Agricultural Residue 0/5/35 0/0/0 $2.40 0% 

Total (Generation) 0/11/53 $2.60 (ave.) 0% 

Total (Cogeneration) 0/19/62 $2.50 (ave.) 0% 
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Table 8-4 
Cost and Performance Characteristics of a Representative Stand-Alone Biomass Residue Power Plant 

(1990 Dollars) 

25-Megawatt Wood-Fired Steam-Electric Plant 

Rated Capacity (MW) 25 

Peak Capacity (MW) 25 

Equivalent Availability (%) 80% 

Heat Rate (Btu/kWh) 15,000 

Siting and Licensing Cost ($/kW)b $30 

Option Hold Cost ($/kW/yr.) $3 

Construction Cost ($/kW)3 $1,617 

Fixed O&M Cost ($/kW/yr.) $44 

Variable O&M Cost (mills/kWh) 3.7 

Post-op Capital Replacement Cost ($/kW/yr.) b 

Siting and Licensing Lead Time (months) 24 

Construction Lead Time (months)C 24 

Service Life (years) 30 

NOTE: Further details regarding these cost and performance characteristics are supplied in Appendix 8-A 
a "Overnight" cost (excludes interest during construction). 
b Post-operational capital replacement costs are included in fixed operation and maintenance costs. 
C Includes engineering, procurement and construction. 

Table 8-5 
Reference Energy Costs for Representative Stand-Alone Biomass Residue Power Plants 

Fuel Fuel Price ($/MMBtu) 

Logging Residue $3.60 

Mill Residue $1.10 

Agricultural Residue $2.40 

Weighted Average $2.60 

Biomass Resource Planning Assumptions 

The biomass fuel supply of 11 trillion Btu, at an aver
age cost of $2.60 per million Btu, expected to be available 
for stand-alone power plants should be sufficient to pro
duce about 90 average megawatts of electricity. But a 
much larger amount of biomass residue might become 
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Energy Costs (cents/kWh) 

Real ($1990) Nominal 

8.9 17.6 

5.1 10.1 

7.1 14.0 

7.4 14.6 

available for generating plant fuel if fuel collection, stor
age and transportation constraints are resolved. Resolu
tion of these problems might result in the availability of as 
much as 53 trillion Btu annually of biomass residues as 
fuel for stand-alone power plants. This amount of fuel 
could support about 430 megawatts of stand-alone genera
tion. 
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As described earlier, 19 trillion Btu of biomass fuels 
were assumed to be available for cogeneration. The cost 
and availability of this fuel is used in the analysis of cogen
eration potential described later in this chapter. The re
mainder of this fuel is assumed to be available for use in 
stand-alone generating plants. The characteristics of this 
resource block are shown in Table 8-6. 

GENERATING RESOURCES 

Conclusions 

Large quantities of biomass residues are produced by 
the forest products and agricultural industries in the Pacif
ic Northwest. Some of this material is presently used for 
industrial process heating, residential heating and electric 
power generation. However, additional material could be 
used for electric power generation. 

Table 8-6 
Biomass Resource Planning Characteristics (Stand-Alone Plants) (1990 Dollars) 

Biomass I 

1btal Capacity (MW) 113 

1btal Firm Energy (MWa) 90 

Unit Capacity (MW) 22.5 

Seasonality None 

Dispatchability Must-run 

Siting and Licensing Lead Time (months) 24 

Probability of Siting and Licensing Success (%) 75 

Siting and Licensing Shelf Life (years) 5 

Probability of Hold Success (%) 75 

Construction Lead Time (months) 36 

Construction Cash Flow (%/yr.) 25150125 

Siting and Licensing Cost ($/kW) $30 

Siting and Licensing Hold Cost ($/kW/yr.) $3 

Construction Cost ($/kW? $1,617 

Fixed Fuel Cost ($/kW/yr.) $0 

Variable Fuel Cost (mills/kWh)b 38.5 

Fixed OM&R Cost ($/kW/yr.)C $44 

Variable O&M Cost (mills/kWh) 3.7 

Earliest Service 1996 

Peak Development Rate (units/yr.) 5 

Service Life (years) 30 

Real Escalation Rates (%/yr.) 

• Capital Costs 0% 

• Fuel Costs 0% 

• O&M Costs 0% 

a "Overnight" cost (excludes interest during construction). 

b At a weighted average fuel cost of $2.60 per million British thermal units. 

C Includes operation, maintenance and post-operational capital replacement costs. 
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Logging, mill and agricultural field residues offer the 
greatest potential as fuel for new electric power genera
tion or cogeneration. Some mill residues are currently 
used for electric power generation, but there is little use 
of logging or agricultural residues for this purpose in the 
region. 

It is conservatively estimated that 30 trillion Btu of 
logging, mill and agricultural residues could be used annu
ally for new electric power generation or cogeneration in 
the Northwest. This amount represents but a small frac
tion of the total resource not used for other purposes (see 
Figure 8-5). 

Cogeneration, because of its efficiency, is the pre
ferred use of biomass fuels, but transportation constraints 
will limit the amount of this fuel that can be used for this 
purpose. The Council assumed that 19 trillion Btu of the 
available total can be used for new cogeneration. This 
amount of fuel can support about 480 megawatts of cogen
eration. Cogeneration potential is further analyzed in the 
cogeneration section of this chapter. 

The balance of this fuel can be used in stand-alone 
generating plants. These plants, most of which will be rel
atively small and scattered, can be expected to produce 
about 90 megawatts of energy in total. With fuel costs 
ranging between $1.10 and $3.60 per million Btu, these 
plants could produce energy at a costs ranging from about 
10 to 18 cents per kilowatt-hour (nominal, 1990 in-service 
date, normalized to a 40-year service life). (Because of the 
small size of the available resource, a fuel price represen-
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tative of the estimated mix of fuels will be used for plan
ning purposes.) 

Use of biomass residues for electric power generation 
should create few environmental impacts. Air quality is 
likely to improve by controlled combustion of materials 
that might otherwise be burned in the open. 

Major constraints to the expanded use of biomass 
residue for fuel appear to include the development of effi
cient collection and transportation mechanisms, develop
ment of cost-effective, small-scale power plants that can 
be located near the resource, and the development of 
methods for ensuring constant fuel supplies. The Council 
will request its Research, Development and Demonstra
tion Advisory Committee to identify activities that might 
be undertaken to expand the future use of biomass re
sources for electric power generation. 

D Total Production 

D Total Available for Fuel 
(WSEO) 

Ill Probable Available for Fuel 

(Note: Total production for agricultural 
residue does not include amount retained 

Logging Residue Mill Residue Agricultural 
Residue 

for erosion control.) 
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Coal 

The combustion of coal to produce electric power is 
one of the oldest and well-established methods of gener
ating electricity. The Pacific Northwest power system re
ceives output from 13 coal-fired units totaling 6,702 
megawatts of nameplate capacity. The regional shares of 
these plants supply 3,957 megawatts of peak capacity and 
3,154 megawatts of energy.4 Because development of the 
Northwest electric system focused on low-cost hydropow
er through the mid-1960s, this coal-fired generation capa
bility consists of plants of generally contemporary design. 

Except for mines supplying the Centralia Generating 
Station in western Washington, little coal is mined within 
the region. However, proven reserves of low sulfur coal 
are available from sources near the region far in excess of 
those required to meet electricity needs for the foresee
able future. The extent to which coal plays a major role in 
meeting future electrical needs will be governed by resolu
tion of concerns associated with continued large-scale de
velopment of coal. These concerns include restoration of 
strip-mined lands, atmospheric releases of sulfur dioxide, 
nitrogen oxides and carbon dioxide, siting of power plants 
and transmission lines to bring power from minemouth 
plants to load centers and disposal of ash and sludge from 
power plant operations. 

Because of the abundance of low-cost coal available 
for regional use, and proven technology for generating 
electricity from coal, coal-fired power plants were used as 
the basis for long-term marginal electricity costs in the 
1983 and 1986 plans. The 1983 and 1986 power plans used 
a single cost for electricity from new coal-fired power 
plants. That cost, about 10.5 cents per kilowatt-hour (in 
1990 dollars), was based on the estimated cost of produc
ing electricity from a new representative coal-fired power 
plant sited at Boardman in eastern Oregon. This cost de
termined the maximum amount of electricity from any 
other resource, including conservation, that could be cost
effective. 

But, if new coal-fired power plants were developed to 
meet future loads, the nature of this development would 
be more complex than represented in earlier power plans. 
Actual development of new coal-fired power plants likely 
would be characterized by progressively increasing costs. 
Coal prices would increase as demand increased, requiring 
mining of less accessible seams. Better sites would be tak
en by early development leaving more difficult sites for 
later. And perhaps most significantly, continuing large
scale development of coal would lead to more stringent 
and expensive environmental control measures. The net 
effect of these factors would be a coal supply curve of pro
gressively increasing cost, similar to the supply curves for 
other resources. 

In the 1983 and 1986 plans, it was understood that 
development of the large amounts of coal required to 
meet high load growth cases within the 20-year planning 
period would be unlikely. The forecast need for large-
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scale development of new resources occurs late in the 
20-year planning period. By that time, other more cost
effective or environmentally benign resources should be
come available to substitute for much of the coal 
anticipated in the resource portfolio for the high load 
growth cases. 

A specific limit to new coal development over the 
20-year planning period was established in the 1989 Sup
plement to the 1986 Plan. Although resources needed to 
meet high load growth conditions increased by nearly 
5,000 megawatts in the supplement, the amount of coal 
considered to be available for the portfolio was limited to 
5,425 megawatts of energy-the amount needed to meet 
high load growth cases in the 1986 Power Plan. 

Based on an analysis of the availability and cost of 
electricity from new coal-fired power plants undertaken 
for this plan, the Council now considers about 4,700 mega
watts of electrical energy from new coal-fired power 
plants to be available for the resource portfolio. This ener
gy is expected to be available at costs ranging from 11. 1 to 
12.7 cents per kilowatt-hour.5 Energy from new coal-fired 
power plants could be available to meet regional load as 
early as 1996. 

Because of concerns regarding the environmental im
pacts of coal-fired power plants, the Council in this plan 
assumes that any new development of large coal-fired 
power plants would use coal gasifier combined-cycle tech
nology. This technology will improve fuel use efficiency 
and significantly reduce the release of most air emissions 
of concern. Though releases of carbon dioxide will be 
somewhat reduced because of greater fuel use efficiency, 
these plants would still release substantial quantities of 
carbon dioxide. The significance of these carbon dioxide 
releases with respect to global warming and its effects 
would remain as an important uncertainty associated with 
future large-scale use of coal. 

4. Not included in these figures are the J.E. Corette plant of 
Montana Power Company, or the Montana Power Company 
shares of the Colstrip units. About 30 percent of the capability 
of these resources (excluding Colstrip 4) is available to the re
gion. This fraction (which may change through time) represents 
the portion of total Montana Power Company load located 
within the Pacific Northwest. By Pacific Northwest planning 
conventions, the regional shares of Montana Power Company 
resources are treated as imports to the region. 

5. "Reference" costs. See discussion of reference costs in in
troduction to this chapter. 
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Technology 

The pulverized coal-fired steam-electric power plant 
is the established technology for producing electricity from 
coal. Advanced coal-based generating technologies, in
cluding atmospheric fluidized bed combustion and gasifier 
combined-cycle plants are now commercially available. 
More advanced technologies, including pressurized fluid
ized bed combustion and magnetohydrodynamics are un
der development. 

A pulverized coal-fired power plant consists of a coal
handling and preparation section, a boiler and a steam 
turbine generator. Coal is pulverized in the preparation 
section and burned in the boiler, generating steam. The 
steam operates the steam turbine-generator, producing 
electricity. A cooling system transfers waste heat from the 
steam turbine to the atmosphere, and an emission control 
system removes particulates and sulfur oxides from the 
combustion gasses. 

Pulverized coal-fired plants are tested, reliable de
signs. Flue-gas desulfurization and particulate control 
equipment permits these plants to meet current U.S. New 
Source Performance Standards promulgated under the 
Clean Air Act.6 Although pulverized coal-fired plants are 
a mature technology, enhancements in plant control, effi
ciency and reliability have improved the cost and perform
ance of new plants compared with earlier designs. A wide 
range of unit sizes is available, allowing capacity additions 
to be matched to load growth. Smaller plant sizes have 
somewhat shorter construction lead times and greater reli
ability, but they are generally more costly (per unit capac
ity) to build and operate. 

An atmospheric fluidized-bed coal-fired (AFBC) 
power plant is similar in overall configuration to a pulver
ized coal-fired plant but uses a different type of furnace 
to combust the coal. A fluidized-bed furnace burns 
coarsely ground coal in a bed of limestone particles sus
pended by continuous injection of air from below. The 
limestone scavenges sulfur directly from the burning coal. 
With many coals, fluidized-bed furnaces can meet current 
federal New Source Performance Standards without use of 
flue-gas desulfurization equipment. Elimination or reduc
tion of flue-gas desulfurization equipment saves capital 
and operating costs and improves plant efficiency. Also, 
the lower combustion temperatures of AFBC plants re
duce formation of nitrogen oxides. AFBC plants also elim
inate the need for coal pulverizers and produce a dry solid 
waste instead of a wet flue-gas desulfurization sludge. 

AFBC technology has been employed in the non-util
ity industry for many years, but utility use is recent in the 
United States. Tacoma Light and Power's 38-megawatt 
Steam Plant No. 2 has being repowered with fluidized bed 
furnaces that are capable of burning coal, wood refuse and 
municipal solid waste. Some in the utility industry believe 
that the next generation of central-station coal plants will 
be largely of AFBC design. 
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In pressurized fluidized-bed combustion (PFBC) de
signs, fuel is burned in a pressurized chamber using a flu
idized bed. The hot combustion gases power a gas turbine 
prior to final heat recovery in a steam boiler. This com
bined-cycle design results in higher energy conversion 
efficiencies. The first U.S. demonstration of PFBC tech
nology for utility application is a 330-megawatt repowering 
of two units of American Electric Power's Philip Sporn 
plant (Electrical World, June, November 1988). 

A gasifier combined-cycle (GCC) power plant consists 
of a coal gasification plant that produces low or medium
Btu synthetic gas that is used to fuel a combined-cycle 
combustion-turbine power plant. GCC plants feature a 
high degree of modularity, significantly improved control 
of atmospheric emissions and high energy conversion effi
ciencies. The combustion turbine and combined-cycle sec
tions can be installed prior to the gasification plant and 
operated on natural gas until fuel prices or load conditions 
warrant installation of the gasification section. The gasifier 
therefore imparts fuel flexibility to the highly efficient 
combined-cycle plant. 

Coal gasification technology has been available for 
many years and was once widely used to produce ''town 
gas" in cities (including several in the Northwest) where 
natural gas was not locally available. The technology fell 
into disuse as the long-distance natural gas transmission 
system was constructed, but was resurrected as interest in 
substitutes for natural gas arose in the 1970s. Improved 
versions of the technology have been developed since 
then. Utility-scale application of the coal gasifier, com
bined-cycle plant concept was demonstrated at the 
100-megawatt Coolwater plant in California. Recently, the 
Dutch announced construction of a 250-megawatt coal 
gasification combined-cycle power plant, using the Shell 
gasification process. This plant is scheduled for operation 
in 1993. Though current commercial coal gasifier power 
plants use conventional combustion turbine combined
cycle technology for power production, the development 
of power generation units of greater efficiency is advanc
ing. Among the concepts being developed are combined
cycle configurations using humid air turbines and molten 
carbonate fuel cells. 

Magnetohydrodynamics (MHD) is a process for con
verting heat energy directly into electricity. High combus
tion temperatures, combined-cycle operation and direct 
conversion of thermal to electrical energy could offer the 
advantages of high energy conversion efficiency. The 
MHD concept also promises improved control of atmo
spheric emissions. 

6. The new Clean Air Act requires no net increase of SOx or 
NOx. Therefore, plant owners will have to reduce emissions 
from an existing source to allow any new plants to be built and 
operated. 
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An MHD power plant would consist of a combustor, 
an MHD ''channel,'' a heat-recovery boiler and a steam 
turbine generator. Pulverized coal would be burned at 
high temperature and pressure in the combustor. Potas
sium "seed,'' injected to ionize the hot gas, would create 
electrically conductive plasma. The plasma, passing 
through the MHD channel, where a strong magnetic field 
would be established by use of superconducting magnets, 
would create an electrical potential across electrodes in
stalled in the channel. The plasma would discharge from 
the channel to a heat-recovery boiler. Steam from this 
boiler would drive a conventional steam turbine-genera
tor, augmenting the power production of the MHD chan
nel. 

Development of MHD technology has advanced to 
the point where utility-scale demonstration projects are 
being considered. 

Development Issues 

This section presents an overview of the principal is
sues associated with large-scale development of coal-fired 
plants. These issues include air quality impacts, site avail
ability, water impacts, solid waste production, coal trans
portation and electric power transmission. A general 
summary of these issues is provided, as well as descrip
tions of mitigative measures. Specific impacts are difficult 
to assess with accuracy due to geological, demographic, 
topographic, and climatic factors that vary on a project-to
project basis. 

Air Quality 

The principal atmospheric emissions from the com
bustion of coal are sulfur oxides, nitrogen oxides, particu
lates and carbon dioxide. 

Sulfur Dioxide 

Sulfur is a naturally occurring constituent of coal. Sul
fur concentrations range from about .5 to 4 percent. West
ern coals usually have a low sulfur content (less than 1 
percent). The sulfur in coal is oxidized to sulfur dioxide, a 
gas, in the combustion process. The sulfur dioxide that is 
released to the atmosphere is transported, sometimes over 
large distances, and is gradually converted to sulfuric acid 
or sulfate. Acid precipitation forms in the atmosphere 
from chemical conversion of sulfur and nitrogen com
pounds, under the influence of oxygen, water and sunlight, 
to form sulfuric acid and nitrous and nitric acids. Hydro
chloric acid, created from combustion of coals that contain 
chlorine, may also contribute to acid precipitation forma
tion. The resulting acidic precipitation from rain, snow, 
dust, etc., has an adverse impact on all forms of terrestrial 
and aquatic life. The potential impacts resulting from 
these emissions and secondary products include human 
health effects, crop and forest damage, corrosion of metal-
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lie and masonry structural materials and visibility degrada
tion. 

Low sulfur coals (less than 1 percent sulfur) are wide
ly available in the West and are used to control sulfur 
dioxide emissions on existing and new plants. But for new 
coal-fired power plants, federal New Source Performance 
Standards require additional removal of sulfur dioxide 
even if low sulfur coal is used. The most common method 
used today to reduce sulfur dioxide emissions from pulver
ized coal-fired power plants is wet lime or limestone flue
gas scrubbing. 

In flue-gas scrubbing systems, the flue gas is exposed 
to a slurry of lime or limestone that absorbs the sulfur 
dioxide and reacts with it to form calcium sulfite or sul
fate. These reaction products and unreacted limestone are 
dewatered for disposal, generally in landfills, although 
some is recycled for its gypsum content. Flue-gas desulfu
rization systems can remove more than 95 percent of the 
sulfur dioxide content of raw flue gas. 

Advanced coal-based technologies offer alternative 
ways to control sulfur dioxide emissions. In fluidized bed 
plants, lime is supplied to the fluidized bed to scavenge 
sulfur prior to formation of sulfur dioxide. No additional 
control may be required for high-sulfur coals. However, 
fluidized bed combustion plants using lower-sulfur coals 
may require supplementary flue-gas desulfurization to 
meet emission standards.7 Coal gasification plants incor
porate sulfur removal equipment in the product gas clean
up section to remove sulfur from the product gas prior to 
combustion. Marketable pure sulfur can be produced as a 
byproduct of gasification plant sulfur removal operations. 

Nitrogen Oxide 

When coal is burned, several oxides of nitrogen are 
formed by the oxidation of nitrogen contained in coal and 
in the combustion air. These are released from the boiler 
stack. Nitrogen oxides can form nitrosamines, highly po
tent carcinogens in aqueous solutions. In addition, nitro
gen oxide can cause damage to crops and forests because 
it is a forerunner of such photochemical oxidants as ozone 
and can form acid rain, along with sulfur oxides. 

The production of nitrogen oxides is controlled by 
reducing the availability of atmospheric nitrogen in the 
combustion process, by reducing combustion tempera
tures, and by removal of nitrogen oxides from exhaust 
gasses. Combustion modification techniques that reduce 
the availability of nitrogen include low-excess air firing 
and staged combustion. Advanced coal-based technologies 

7. This apparent anomaly occurs because federal New Source 
Performance Standards establish, not only an absolute level of 
sulfur dioxide emissions, but also require removal of a mini
mum percentage of sulfur oxides, even when low-sulfur coals 
are burned. 
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provide additional ways to control nitrogen oxide forma
tion. Combustion temperatures of fluidized bed plants are 
lower than for conventional furnaces, retarding formation 
of nitrogen oxide. Medium-Btu coal gasification plants use 
pure oxygen for the gasification process, thus avoiding in
troduction of nitrogen to the combustion process and con
sequent formation of nitrogen oxide. Nitrogen oxide, 
however, can be formed during the combustion of coal
derived fuel gas in the combustion turbine section of the 
gasification combined-cycle power plant. Nitrogen oxide 
formation in the combustion turbine can be controlled by 
low-excess air burners and water injection (to reduce com
bustion temperatures). Nitrogen oxide in the combustion 
turbine exhaust can be further lowered by catalytic reduc
tion. 

Particulates 

Small solid particles formed during combustion, vary
ing in size from 0.01 to 10 microns8 in diameter, can be 
carried out in the flue gas. These very small particles can 
be inhaled and can affect human health. 

Electrostatic precipitators, baghouses, and scrubbers 
are the typical emission control systems employed to col
lect particulates. Precipitators and baghouses are typically 
more than 99 percent efficient. 

Carbon Dioxide 

Carbon dioxide is produced by combustion of any fos
sil fuel. Carbon dioxide is a ''greenhouse" gas (i.e., it al
lows short wave-length solar radiation to pass, but absorbs 
longer wave-length outgoing radiation with the net effect 
of warming the earth's surface and lower-level atmo
sphere). Atmospheric levels of carbon dioxide and other 
greenhouse gasses are increasing and, if the increase con
tinues, it may raise the average temperature at the earth's 
surface. Uncertainty exists regarding the potential magni
tude of such a temperature rise and consequent effects. 
Because of these uncertainties, it is unclear at this time 
whether global warming will become a constraint to the 
use of coal-based power generation. 

Factors affecting the carbon dioxide release per unit 
of electrical energy output are the heat content of the 
coal, the carbon content of the coal and the efficiency of 
the energy conversion process. Carbon dioxide releases 
therefore can be reduced somewhat, but not eliminated by 
coal and technology selection. Removal and disposal of 
carbon dioxide from flue gas is possible in theory. But it is 
thought to be very expensive, perhaps doubling the cost of 
electricity from a conventional pulverized coal-fired plant. 

Alternatively, carbon dioxide releases can be miti
gated by biologically fixing atmospheric carbon dioxide 
through reforestation and other processes. Offsets for car
bon dioxide releases from one small coal-fired power 
plant have been secured through arrangements for refor
estation of tropical lands. Additional tropical reforestation 
potential exists as well as the potential for reforestation of 
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certain land in the Northwest. One possibility having mul
tiple environmental benefits would be reforestation of 
formerly forested riparian lands. The cost and supply of 
suitable land for large scale reforestation, as would be re
quired for large scale development of new coal-fired pow
er plants, is not well understood. 

Water Impacts 

Potential water impacts may result from cooling tower 
blowdown, ash handling, waste waters and water consump
tion. 

Cooling Tower Blowdown 

Steam-electric power plant condenser cooling water 
typically is cooled using evaporative cooling towers or 
cooling ponds. Due to partial evaporation of this cooling 
water, contaminants, such as mineral salts that enter the 
system with the makeup water, become more concen
trated. In addition, chlorine or other biocides usually are 
added to control biofouling. Thus, portions of the cooling 
water must be withdrawn and replaced with fresh water to 
prevent salt buildup. The water that is withdrawn ("blow
down") could be damaging locally or when the water en
ters surface water or groundwater. Waste water treatment 
techniques that can be used include chemical precipitation 
or sedimentation and dechlorination. "Zero discharge" 
plant designs are available that do not discharge the blow
down directly, but use it for scrubber makeup, ash sluice 
water, and other in-plant purposes. Also, fully closed
cycle condenser cooling systems are available requiring 
little makeup and blowdown. Because they are somewhat 
less effective than evaporative cooling systems, plant effi
ciency is penalized. 

Ash Handling Waste Waters 

Bottom ash (residue accumulating at the bottom of 
the furnace) and fly ash (residue in the flue-gas stream) 
are produced during combustion. Gasification systems pro
duce a waste slag from the gasifiers and ash removed from 
the product gas stream. Ash is typically transported as a 
slurry. These wet ash handling systems produce waste wa
ters that are discharged as blowdown. Dissolved heavy 
metals can accumulate in the ash ponds and cause adverse 
effects to ground or surface waters and to aquatic organ
isms. Ash handling waste water treatment includes chemi
cal precipitation, sedimentation and neutralization and use 
of lined ash disposal pits. 

8. One micron is one-millionth (10-6) of a meter. 
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Water Consumption 

Water is required for general plant services, boiler 
makeup and condenser cooling. The amount of water re
quired for a coal plant could cause potential conflicts over 
water rights, especially for plants sited in arid sections of 
Montana and Wyoming. Water consumption also could 
reduce in stream flows, which could reduce the amount of 
water available for other users and could adversely affect 
water quality and fish populations. 

Cooling systems constitute a large part of in-house 
water needs. Evaporative cooling systems result in contin
uous loss of water to the atmosphere. This loss can be re
duced using full closed-cycle (dry) cooling. Gasification 
combined-cycle power plant designs further reduce cool
ing water requirements, because of the greater efficiency 
of these plants. 

Withdrawal of water from a river, lake or ocean for 
power plant services and condenser cooling can impact 
fish at intake screens. The rate of this impingement is di
rectly related to intake velocity at and around the intake 
structure, as well as other physical and biological phenom
ena. The highest impingement rates occur in areas with 
concentrations of juvenile fish near high-volume shoreline 
intakes. Potential impacts depend on the intake design. 

Solid Waste 

The three significant solid waste materials produced 
by pulverized coal plants are fly ash, bottom ash, and 
scrubber sludge. The bottom ash from a fluidized bed 
plant contains the sulfur compounds resulting from in-bed 
removal of sulfur. Gasification produces a slag, equivalent 
to bottom ash, and fly ash collected during product gas 
cleanup. Scrubber sludge is not produced in gasification 
systems because the sulfur is converted to elemental sul
fur upon removal from the product gas streams. The po
tential impacts of these products depend on their chemical 
composition (largely determined by the coal composition), 
their physical characteristics, the manner of disposal, and 
the location of the disposal site. Some by-product applica
tions are available for gasifier slag and some ashes. 

Ash 

Bottom ash and fly ash collected dry with electrostatic 
precipitators or baghouses can be disposed of directly or 
added to scrubber sludge for stabilization. Typically, dis
posal is in ponds or landfills. 

Fly ash could leach out of the ponds or landfills, caus
ing possible accumulations of trace elements and salts in 
surface water and/or groundwaters. Leaching can be man
aged by proper site selection and pond lining. 

Scrubber Sludge 

Scrubber sludge consists of chloride, calcium and sul
fate. Disposal options for scrubber sludge consist of direct 
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ponding and dewatering followed by landfilling. Direct 
ponding requires large areas of land and also poses a 
leaching problem. Pond lining can prevent such leaching. 

Site Availability 

The availability of sites for coal-fired power plants is 
more constrained than for any other generating technolo
gy, with the possible exception of nuclear. Factors that 
must be considered include the ability of the airshed to 
absorb the atmospheric discharges of the plant, availability 
of water for cooling and other plant uses, proximity to the 
transmission grid, proximity of rail or water transportation 
for coal (if remote from the minemouth), and availability 
of land for disposal of ash and flue-gas desulfurization 
products. Only a limited number of regional sites can 
meet these requirements. 

The amount of land required for a 500-megawatt 
coal-fired steam-electric plant is approximately 650 acres, 
including land for solid waste disposal. Co-siting of units 
will reduce the amount of land required per unit due to 
the sharing of facilities. Land requirements are relatively 
insensitive to coal-fired power plant design. Most of this 
land would be lost as natural habitat. 

Coal Transportation 

Because of the large volumes of coal required by a 
central-station coal-fired power plant, rail or water trans
portation must be available if the plant is to be remotely 
sited from coal mines. Consideration must be given not 
only to the proximity of the plant site to rail or water ser
vices, but also to the ability of the selected mode of trans
portation to provide a reliable supply of coal (a 1,200 
megawatt coal project would require about 180 rail cars of 
coal per day when in full operation). Upgrades to the coal 
transportation route such as rail and roadbed improve
ments, double track, additional sidings, improved signal 
systems, grade separation and urban bypass lines might be 
required for safe and reliable operation. 

Electric Power Transmission 

An alternative to transportation of coal into the re
gion would be the siting of coal plants at the minemouth 
outside the region. This would require construction of 
long-distance, high-voltage transmission lines to tie the 
plants into the regional grid. A 1,200-megawatt coal proj
ect would require a 500 kilovolt single-circuit alternating 
current transmission intertie, and possibly a second circuit 
for reliability purposes. Direct-current transmission may 
be economical for interconnection of very remote sites, 
such as in eastern Montana or Wyoming. Direct-current 
transmission requires only two conductors in lieu of the 
three conductors required for alternating-current trans
mission. This may reduce aesthetic impacts and right-of-
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way requirements. Construction of transmission lines can 
be expensive, and their siting can be extremely difficult. 

Coal Development Potential in the 
Pacific Northwest 

The general approach to assessing future coal devel
opment potential in this power plan was conceived by the 
Council's Generating Resources Advisory Committee. The 
objective of the Committee's recommended approach is to 
simulate the likely future cost and availability of power 
from new coal-fired power plants by assessing the costs 
and limits to development at prospective siting areas in 
the Northwest. All major foreseeable economic costs are 
contained, including: 

• fuel cost; 
• fuel transportation cost; 
• fuel transportation system upgrade cost; 
• power plant siting and licensing cost; 
• power plant construction cost; 
• environmental compliance cost; 
• power plant operation and maintenance cost; 
• transmission grid interconnection cost; 
• transmission losses; and 
• decommissioning. 

Five general siting areas were identified, and for each 
siting area a specific, representative site selected. Possible 
coal sources, coal transportation modes and routes were 
identified using a Bonneville study of regional fossil fuel 
availability. Delivered fuel prices for each site were esti
mated using a coal price forecasting process developed by 
Bonneville. 

Representative power plant cost and performance 
characteristics were estimated for each site using the aver
age costs of a range of possible plant designs. Finally, with 
the assistance of Bonneville transmission engineers, likely 
routes for transmission grid intertie lines were selected 
and transmission costs and losses estimated. 

Power Plant Siting Areas and 
Representative Sites 

Potential siting areas for new coal-fired power plants 
within and near the region include eastern Washington, 
eastern Oregon, eastern Montana or Wyoming, northern 
Nevada and western Washington or Oregon. 

Currently, the Washington Water Power Company has 
licenses for a two-unit coal-fired power plant at Creston, 
Washington. This site was therefore chosen as a represen
tative eastern Washington site. Although the licenses orig
inally were issued for a four-unit plant of about 2,000 
megawatts capacity, it is likely that air quality constraints 
would limit capacity to about 1,000 megawatts if conven
tional pulverized coal-fired plants with flue-gas desulfuri
zation are used. Use of technology having less 
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atmospheric emissions, such as coal gasifier combined
cycle power plants, might permit the development of more 
capacity at this site. 

Plants also might be sited along the Columbia River 
in eastern Oregon. Here, the main line of the Union Pa
cific Railroad provides good access to the coal fields of 
eastern Montana and Wyoming. Because additional units 
were licensed for construction at the Boardman site, this 
site was chosen as the representative eastern Oregon site. 
Other possible sites in eastern Washington and eastern 
Oregon have adequate access to water, rail transportation 
and transmission. 

In lieu of transporting coal by train, new coal-fired 
power plants could be constructed near coal mines, and 
the electricity could be transmitted to regional load cen
ters. Minemouth power plants could be located near coal 
fields in Montana, Wyoming, Utah, British Columbia or 
Alberta. However, with additional transmission comes in
creasing land use, aesthetic and visual impacts, and con
cerns regarding the health effects of electromagnetic 
fields. The Wyodak site in eastern Wyoming has been li
censed for an additional unit, but Colstrip was chosen as a 
representative minemouth site because of the established 
transmission corridor from this site. 

Good rail access to Utah and Wyoming coal fields and 
a central location relative to the population centers of the 
Pacific Coast has resulted in attention being given to the 
development of coal-fired power plants along the North
ern Nevada rail corridor. One proposal, now abandoned, 
was to develop a coal-fired power complex near Thousand 
Springs. This site was licensed for eight 250-megawatt 
coal-fired power plants to be developed by Sierra Pacific 
Resources. The plan was to market the output of these 
plants to customers throughout the West. New transmis
sion lines would be required to move energy from the 
Thousand Springs site to the Northwest. The Thousand 
Springs project was abandoned in 1990 because of objec
tions of neighboring states regarding air quality impacts, 
and because of lack of power sales contracts. 

Finally, there is the possibility of developing addition
al coal-fired generating plants in western Washington or 
Oregon. Adding generation near the load centers of the 
Northwest has the advantage of avoiding electric power 
transmission costs, losses and environmental impacts. 
Moreover, it may be possible to site plants so that con
denser waste heat could be used to supply industrial, com
mercial or district heating loads. However, western 
Washington or Oregon siting may lead to air quality im
pacts and would require additional rail haul for coal. For 
this reason, it is likely that, if additional coal-fired gener
ating plants were built in western Oregon or Washington, 
there might be increased requirements for environmental 
controls and additional costs for coal transportation sys
tems to support the plant. 

The representative plant sites are shown in Figure 
8-6. 
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Fuel Supply and Cost 

Abundant supplies of low-sulfur coal are available in 
the western United States and Canada. A 1988 Bonneville 
study examined sources of coal for new Northwest coal
fired power plants. These coal sources (see Figure 8-6) 
include the Powder River Basin fields of eastern Wyoming 
and Montana, the East Kootenay region of British Colum
bia, the Green River Basin of southwestern Wyoming and 
the Uinta Basin of northeastern Utah and northwestern 
Colorado. Coal also could be obtained from Alberta or, by 
barge, from the Vancouver Island Quinsam mines or the 
Chuitna mines of Alaska. Coal from fields near Centralia 
in western Washington is used to fire the nearby Pacific 
Power and Light Centralia project; however, this coal is of 
low grade, and its continued availability in quantities suffi
cient to support additional large-scale, coal-fired plants is 
questionable. 

A possible coal source for new coal-fired power plants 
located at each of the five representative sites was identi
fied using the minemouth coal cost estimates and trans
portation costs developed in the Bonneville fuel supply 
study. Were plants actually to be constructed at these 
sites, competitive bidding for fuel and transportation con
tracts might result in coal being obtained from alternative 
sources. The sources used in this analysis, however, are 
considered to be representative of the fuel supply alterna
tives for new plants within each siting area. The coal 
sources, and fuel transportation modes used for each rep
resentative site are shown in Table 8-7. 

Delivered coal prices (exclusive of rail upgrade costs) 
were taken from a coal price forecasting model developed 
in 1990 by Bonneville. This model incorporates uncertain
ty into 20-year projections of delivered coal prices. An 
annual series of point estimates of coal commodity and 
rail transportation costs are multiplied by pricing factors 
taken randomly from specified probability distributions. 
This process is repeated several hundred times for each 
year of the price series using a Monte Carlo simulation. 
The mean and standard deviation of the resulting distribu
tion describe the distribution of possible delivered coal 
costs for each year of the resulting price series. These 
price series are summarized in Table 8-8. 

Fuel Transportation 

Four of the representative plant sites would require 
rail transportation of coal from the mine to the plant site. 
This would be accomplished using unit trains. Such trains 
typically consist of several locomotives and about 100 hop
per or gondola rail cars, each carrying about 100 tons of 
coal. A 1,000-megawatt coal plant averaging about 750 
megawatts of electricity production would require more 
than 2.7 million tons (27,000 rail cars) of coal per year 
(about 5 unit trains per week), of high energy content East 
Kootenay or Uinta coal. If coal of lower energy content 
were used, more would be needed. 
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Transport of this tonnage of coal may require track, 
control and signal upgrades for reliable, safe and expedi
tious delivery. The Council solicited comment from sever
al railroads serving the Northwest to estimate the extent 
of trackage upgrades required to support transportation of 
this amount of coal. Burlington Northern responded that 
its existing routes to the Northwest could bear an addi
tional 10 million tons of coal per year without additional 
track construction. Plant capacity of 1,000 megawatts at 
each of the three representative sites that might receive 
coal over Burlington Northern trackage would require 
about 8.2 million tons of coal per year. For this reason, it 
was assumed that the only track upgrade required would 
be for branch lines to the representative plant sites. The 
estimated length of branch line requiring upgrade for the 
affected sites is shown in Table 8-7. Track upgrade is esti
mated to average $1 million per mile. 

Unit train power normally is furnished by the railroad, 
whereas dedicated rolling stock is normally furnished by 
the power plant operator. The cost of rolling stock is in
cluded in the delivered coal prices discussed earlier. 

Representative Coal-Fired Power Plants 

The Council has assessed the cost and performance 
characteristics for several types and sizes of coal-fired 
power plants. The most recent assessments, developed for 
the 1989 Supplement to the 1986 Power Plan, are docu
mented in Appendix 8-A. The cost and performance char
acteristics of these plants are summarized in Table 8-9. 

Integrated coal gasification combined-cycle power 
plants were used for this analysis. These plants appear to 
offer the best opportunity both to reduce economic risks 
associated with expansion of natural gas use for electricity 
generation, and the least environmental impact of cur
rently available coal technologies. 

Coal gasification plants, through increased efficiency 
and superior pollution control equipment, provide reduced 
atmospheric emissions compared to conventional coal
fired power plants. The increased efficiency also results in 
less heat release to the environment, reduced water con
sumption and less carbon dioxide release per unit of elec
trical energy produced. Coal gasification equipment can be 
retrofitted to natural gas-fired combined-cycle power 
plants. This provides fuel switching opportunities, and also 
the opportunity to phase construction in which natural gas 
combined-cycle power plants would be constructed first 
and could later be converted to coal gasification if natural 
gas prices increased to excessive levels and global warming 
turns out not to be a major concern. This strategy would 
integrate well with strategies to back up nonfirm hydro
power using gas-fired combined-cycle plants. Finally, coal 
gasification power plants offer reduced construction lead 
time (three years), compared to conventional pulverized 
coal-fired power plants (five to six years). 

Further details regarding representative coal-fired 
power plant characteristics are provided in Appendix 8-A. 
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Table 8-7 
Assumptions Used for Development of the Coal Supply Curve 

Rail Transmission 
Representative Coal Fuel Upgrade Generating SO2 Control NOx Control Emissions Intertiea 

Siting Area Site Source Transportation (miles) Technology (%) (ppm) Offset Cooling (miles) 

Eastern Montana/ Colstrip Powder Truck or NIA IGCCb 99% 42c SOx and Mechanical 650 
Wyoming River Basin Conveyor NOx Draft (Dry) 

Eastern Washington Creston E. Kootenay Rail 40 IGCC 99% 42c SOx and Mechanical 83 
NOx Draft (Wet) 

Eastern Oregon Boardman E. Kootenay Rail None IGCC 99% 42' SOx and Mechanical 80 
NOx Draft (Wet) 

Northern Nevada Thousand Uinta Rail 14 IGCC 99% 42" SOx and Mechanical 550 
Springs NOx Draft (Dry) 

Western Washington/ Centralia E. Kootenay Rail None IGCC 99% 42' SOx and Mechanical None 
Oregon NOx Draft (Wet) 

a Plus 10 mile interconnection included in basic power plant cost estimates. 

b Integrated gasifier combined-cycle power plant. 

C Control to about 0.8 lb/MMBtu (as nitrogen). 

Table 8-8 
Coal Quality and Delivered Prices (1990 Dollars) 

Powder River Basin East Kootenay East Kootenay Uinta at East Kootenay 
at Colstrip at Creston at Boardman Thousand Springs at Centralia 

Origin Colstrip, MT Elkford, B.C. Elkford, B.C. Price, UT Elkford, B.C. 

Destination Colstrip Creston, WA Boardman, OR Thousand Springs, NV Centralia, WA 

Haul Distance (miles) 0 330 500 400 750 

Heat Value (Btu per pound) 8,300 12,000 12,000 12,000 12,000 

Sulfur(%) 0.42 0.70 0.70 0.70 0.70 
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Medium Price Forecast ($/MMBtu) 

• 1990 

• 1991 

• 1992 

• 1993 

• 1994 

• 1995 

• 1996 

• 1997 

• 1998 

• 1999 

• 2000 

• 2001 

• 2002 

• 2003 

• 2004 

• 2005 

• 2006 

• 2007 

• 2008 

• 2009 

• 2010 

Standard Deviation 

Table 8-8 (cont.) 
Coal Quality and Delivered Prices (1990 Dollars) 

Powder River Basin East Kootenay East Kootenay 
at Colstrip at Creston at Boardman 

0.52 1.34 1.50 

0.52 1.35 1.52 

0.53 1.37 1.54 

0.53 1.39 1.56 

0.54 1.40 1.58 

0.54 1.42 1.60 

0.55 1.44 1.62 

0.55 1.46 1.64 

0.56 1.48 1.66 

0.57 1.49 1.69 

0.57 1.51 1.71 

0.58 1.53 1.73 

0.58 1.55 1.75 

0.59 1.57 1.78 

0.59 1.59 1.80 

0.60 1.61 1.82 

0.61 1.63 1.85 

0.61 1.65 1.87 

0.62 1.67 1.90 

0.62 1.69 1.92 

0.63 1.71 1.95 

0.22 0.46 0.45 

Uinta at 
Thousand Springs 

1.39 

1.40 

1.40 

1.41 

1.41 

1.42 

1.43 

1.43 

1.44 

1.44 

1.45 

1.45 

1.46 

1.47 

1.47 

1.48 

1.48 

1.49 

1.49 

1.50 

1.51 

0.36 

East Kootenay 
at Centralia 

1.74 

1.76 

1.78 

1.80 

1.82 

1.84 

1.86 

1.88 

1.90 

1.92 

1.94 

1.96 

1.98 

2.01 

2.03 

2.05 

2.07 

2.10 

2.12 

2.14 

2.17 
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Table 8-9 
Cost and Pe,formance Characteristics of Representative Coal-Fired Power Plants (1990 Dollars) 

Integrated Coal Gasifier 
250-MW 603-MW Combined-Cycle 

Atmosphe1ic Fluidized Pulverized Coal Pulverized Coal Power Plant1 

Bed Power Plant Steam Electric Plant Steam Electric Planta (Wet Cooling) 

Plant Configuration One 197-MW Unit Two 250-MW Units Two 603-MW Units One 420-MW Unite 

Rated Capacity (MW/unit) 197 250a 603a 419 

Peak Capacity (MW/unit) NIA 262a 633a 45 i 

Equivalent Annual Availability(%) 81% 77% 75% 80% 

Heat Rate (Btu/kWh) 9,885 11,005 10,856 9,455 

Siting and Licensing Cost ($/kW? $44 $35 $24 $40 

Siting and Licensing Hold Cost ($/kW/yr.) $1.50 $LOO $0.80 $0.60 

Construction Cost ($/kW? $1,958 $1,870 $1,366 $2,151 

Fixed OMR&D Cost ($/kW/yr.)' $41.70 $37.00 $23.80 $62.40 

Variable O&M Cost (mills/kWh) 5.1 3.3 2.1 0.9 

Siting and Licensing Lead Time (monthst 48 48 48 48 

Construction Lead Time (months}~ 64 60 72 39 

Service Life (years) 30 40 40 30 

NOTE: See Appendix 8-A of this plan for additional infornrntion concerning these technologies and sources of cost and performance information. 

a For each unit of a two-unit plant. 

b "Overnight" cost (excludes interest during construction). 

C Includes post-operational capital replacement and decommissioning costs. 

d For full site-selection and licensing process. 

e Two 139 megawatt GE MS7001 combustion turbines, one heat recovery steam generator and one 141 megawatt steam turbine-generator. 

f Figures are for full development of a gasifier combined-cycle power plant. Development of this plant could be staged. See Appendix 8-A 

g Includes engineering, procurement and construction. 

Integrated Coal Gasifier 
Combined-Cycle 

Power Plantf 
(Dry Cooling) 

One 409-MW Unite 

409 

441 

80% 

9,490 

$41 

$0.60 

$2,235 

$64.20 

0.9 
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Environmental Controls 

With coal gasification, sulfur oxide emissions can be 
readily controlled to less than 1 percent of potential by 
use of well-proven acid gas cleanup equipment. Formation 
of nitrogen oxides is inherently reduced by the use of oxy
gen, rather than air as the oxidant in the coal gasifier. Ni
trogen oxidation can be further reduced to about 
one-tenth of that allowed under Federal New Source Per
formance Standards by "low-NOx" combustors and water 
injection in the combustion turbines of the combined
cycle plant. Though not included in these estimates, selec
tive catalytic reduction could be used to further reduce 
releases of nitrogen oxides. 

The 1990 amendments to the Clean Air Act establish 
emissions caps that essentially require that any new utility 
plant add no net increase to the ambient levels of SOx 
and NOx. Because residual SOx and NOx emissions from 
the representative gasifier combined-cycle plants would be 
small, these residuals could be offset by installing addi
tional controls on SOx and NOx releases at existing power 
plants, or on other sources of oxides of sulfur and nitro
gen. The plant costs used in this analysis include the cost 
of securing these offsets. 

Two of the representative plant sites are located in 
arid regions, far from major water sources. The cost esti
mates and performance characteristics of the plants in 
these locations have been adjusted to reflect the use of 
dry cooling equipment. 

While the increased efficiency of coal gasification 
combined-cycle power plants results in carbon dioxide 
releases of about 75 percent of those from pulverized 
coal-fired power plants, further reduction in carbon diox
ide emissions would require unproven, expensive and en
ergy-intensive carbon dioxide scrubbing equipment or 
carbon fixation by means such as very large-scale growing 
of trees or other biomass. Thus, the significance of carbon 
dioxide releases as related to global warming remains the 
most intractable problem relative to future use of coal 
either burned directly or after gasification. 

Transmission Interties 

The bulk of the region's electrical load is located west 
of the Cascades Range, whereas four of the five represen
tative plant sites are located on the east side. New trans
mission capacity would be required to interconnect these 
sites to the regional grid. The fifth site, Centralia, would 
be interconnected to existing nearby transmission lines 
running north-south along the Interstate 5 corridor. 

Bonneville transmission engineers identified possible 
transmission intertie routes from the four eastern sites to 
the Puget Sound load center (see Figure 8-6). But for 
consistency with the other resource assessments of this 
plan, these assessments included only the costs of inter
connecting the plants to the main transmission grid, at 
Grand Coulee or The Dalles (see Table 8-7). While over 
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time, additional trans-Cascades transmission reinforce
ment likely will be required to support west-side load 
growth, for purposes of this plan the cost of main grid re
inforcement is not attributed to specific resource addi
tions. (To ensure a consistent comparison of resources, 
conservation is given a credit for offsetting the need for 
main transmission grid and distribution system upgrades.) 

Bonneville supplied estimates of transmission intertie 
construction, operating costs and line losses for several 
line configurations. Using these estimates, the two repre
sentative configurations shown below were selected for 
this analysis. 

Capacity 1,200 MW 2,400MW 

Capital Cost $600 $1,200 
(million dollars per mile) 

O&M Cost $2,400 $4,800 
(dollars per mile, per year) 

Line Losses 0.8 percent 0.8 percent 
(percent per 100 miles) 

Reference Energy Costs 

Reference levelized energy costs for five representa
tive sites were calculated using the project development 
assumptions described in the introduction to this chapter. 
The plants were assumed to be fully dispatchable, with an 
annual average capacity factor of 75 percent. Capital costs 
were amortized over the 80 percent equivalent availability; 
production costs were based on the 75 percent capacity 
factor. 

Total project costs included fuel, fuel transportation, 
power plant pollutant offset and transmission intertie 
costs. Power delivery to the main grid and effective plant 
heat rates were calculated using transmission intertie 
losses. The resulting reference delivered energy costs for 
the five representative sites are shown in Table 8-10. 

Resource Availability 

The development of any new large-scale coal-fired 
power plants in the Northwest likely will face significant 
constraints. Of the five sites considered here, the Creston 
site probably faces the fewest constraints. This site is es
sentially fully licensed, although a determination of "best 
available control technology" (BACT) is required prior to 
reissue of a Prevention of Significant Deterioration (PSD) 
permit for atmospheric releases. Although the site initially 
was licensed for 2,000 megawatts of capacity, only about 
half that capacity is thought developable using convention
al technology because of nearby lands more recently rede
signated as Class 1 (Pristine) air quality areas. Accordingly, 
we have assumed that about 750 megawatts of energy (at 
the busbar) could be developed at this site. We assume 
that units at Creston could be in service within about five 
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Table 8-10 
Reference Levelized Energy Costs for Representative Coal Plants (1990 Dollars) 

Siting Area/Representative Site 

Eastern Montana (Colstrip) 

Eastern Washington (Creston) 

Eastern Oregon (Boardman) 

Northern Nevada (Thousand Springs) 

Western Washington/Oregon (Centralia) 

years of a decision to proceed (24 months to complete site 
acquisition, licensing and preliminary engineering; 39 
months for construction). 

Rail transportation, a water supply and nearby trans
mission lines give the Boardman site reasonable potential 
for the development of new coal capacity. Local sulfur 
dioxide emissions could be reduced below existing levels 
by securing offsets at the existing Boardman plant. 
Though nearing expiration, a license for two additional 
units of 1,350 megawatts (maximum) capacity each9 is cur
rently in effect for this site. We assume that a new license 
for about 1,000 megawatts of capacity (750 megawatts of 
energy at the busbar) could be secured at this site. We 
assume that a new unit at the Boardman site would re
quire four years for licensing and preliminary engineering 
and about three years for construction. 

The Northern Nevada rail corridor offers ready rail 
access to coal supplies and relatively uncontroversial 
transmission routes to the Northwest grid. The principal 
constraints to development of new coal-fired capacity ap
pear to be water supply and air quality concerns. The 
Thousand Springs venture failed partly because of air 
quality concerns raised by neighboring states. These con
cerns might be overcome by use of low-emission technolo
gy such as gasifier combined-cycle units and by securing 
offsets from the existing plants operating in the region, as 
assumed in this analysis. Water supply issues could be ad
dressed by use of dry cooling, as also assumed in this anal
ysis. Despite the failure of the Thousand Springs proposal, 
the advantages of this area continue to offer potential for 
development. We assume that capacity sufficient to pro
duce 750 average megawatts of energy at the busbar
about half the projected size of the rfnousand Springs 
project-could be developed. We assume that a new unit 
at the Thousand Springs site would require four years for 
licensing and preliminary engineering and about three 
years for construction. 

Western Washington and western Oregon sites offer 
good rail or water access, proximity to west-side load cen
ters and adequate water supplies. Air quality concerns and 
possibly land use conflicts likely would be the dominant 
issues for western Washington or western Oregon sites. 
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Real Nominal 
(cents/kWh) (cents/kWh) 

5.7 11.3 

5.6 11.1 

5.9 11.6 

6.5 12.7 

6.0 11.9 

Because the existing Centralia units are not fitted with 
flue-gas desulfurization equipment, a net reduction in 
current levels of sulfur dioxide emissions could be secured 
by installing sulfur control equipment at the existing plant. 
Offsets could be secured for the other controlled pollut
ants, but it is not known whether a "no net increase" situ
ation for other pollutants could be achieved. We assume 
sufficient new coal-fired capacity to produce 750 average 
megawatts could be developed in western Washington or 
western Oregon. We assume that a new unit in western 
Washington or western Oregon would require four years 
for siting, licensing and preliminary engineering and about 
three years for construction. 

The eastern Montana site, for which fixed transmis
sion costs would be substituted for variable coal transpor
tation costs, offers some protection from inflation, 
because a larger proportion of the total cost of delivering 
power to the load centers would be fixed. The principal 
issues associated with the development of sites in this area 
would be transmission right-of-way, air quality and water 
supply. Water supply issues could be addressed by use of 
zero-discharge designs and dry cooling, as assumed in this 
analysis. Sulfur dioxide releases might be mitigated by off
sets at existing plants in the area, though the ability to 
offset other regulated emissions is not known. Air quality 
concerns also could be mitigated by use of low-emission 
technologies, such as the coal gasifier combined-cycle 
plants used in this analysis. The major impediment to the 
development of new capacity in this area, as evidenced by 
the controversy attending construction of the Colstrip in
terties, would be securing right-of-way and permits for 
the transmission intertie. A new corridor or widening of 
an existing corridor would be required to accommodate 
the transmission of about 2,400 megawatts of capacity. 
Though a new unit in eastern Montana or Wyoming would 
require four years for siting, licensing and preliminary en
gineering and about three years for construction, siting, 

9. The existing license was issued for either new coal or nu
clear units, hence the large unit capacity limits. 
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licensing and constructing the transmission intertie would 
likely establish the controlling schedule. Accordingly, we 
have assumed that an eastern Montana plant could be 
in-service no sooner than year 2000. 

About 4,800 megawatts of electric energy from new 
coal-fired power plants could be made available over the 
20-year planning period under these supply assumptions. 
Because of line losses, somewhat less than 4,700 mega
watts of this total could be supplied to the central grid. 
This is approximately the same as the amount of coal
fired capacity developed to meet regional needs between 
the mid-1960s and the mid-1980s-a period of generally 
high electrical load growth. 

Planning Assumptions 

For subsequent analysis of the role of coal in the re
source portfolio, each power plant site was treated as a 
separate resource block. Each block is comprised of sever
al units assumed to be separately developable, but with 
common cost and performance characteristics. 

Characteristics of the five blocks are summarized in 
Table 8-11. 

Conclusions 

An estimated 4,650 megawatts of energy could be ob
tained by development of new coal-fired power plants. 
This energy, delivered to the regional transmission grid, 
would cost from 11.1 to 12.7 cents per kilowatt-hour. 10 

Coal-fired power plants currently provide about 3,200 
megawatts of energy to the Northwest system. Although 
an essentially unlimited supply of low-cost, low-sulfur 
coal is available to the Northwest, siting difficulties, public 
resistance to new transmission lines and atmospheric 
emissions may constrain the development of new coal
fired power plants. Water supply may be a concern in arid 
areas. Air emissions, except for carbon dioxide, could be 
mitigated by the use of low-emission/high efficiency gen
erating technologies and by securing offsets at existing 
plants. Water supply concerns can be mitigated by use of 
zero-discharge designs and dry cooling. 

An important issue pertaining to development of any 
new coal-fired capacity is the possible significance of car
bon dioxide production in contributing to global warming. 
Some mitigation may be feasible through biological carbon 
fixation (e.g., reforestation) use of high-quality coals and 
high-efficiency technologies. The best strategy at present 
appears to be deferral of decisions to construct additional 
coal-fired capacity until better understanding of carbon 
dioxide production and global warming effects is achieved. 

Securing sites and permits for new plants and trans
mission lines will shorten development lead time and help 
resolve uncertainties associated with this resource. 
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Table 8-11 
Coal Resource Planning Characteristics (1990 Dollars) 

Eastern Eastern Eastern Northern Western 
Montana Washington Oregon Nevada WA/OR 

Total Capacity (MW)3 2,130 931 931 895 938 

Total Finn Energy (MWa )3 1,704 745 745 716 750 

Unit Capacity (MW)3 387 416 416 391 419 

Seasonality swpb swpb swpb swpb swpb 

Dispatchability Full Full Full Full Full 

Siting and Licensing Lead Time (months) 48 24 48 48 48 

Probability of Siting and Licensing Success (%) 70 80 80 75 50 

Siting and Licensing Shelf Life (years) 5 5 5 5 5 

Probability of Hold Success(%) 75 75 75 75 75 

Construction Lead Time (months)c 36 36 36 36 36 

Construction Cash Flow (%/yr.) d d d d d 

Siting and Licensing Cost ($/kW) $43 $19 $40 $43 $40 

Siting and Licensing Hold Cost ($/kW /yr.) $0.60 $0.60 $0.60 $0.60 $0.60 

Construction Cost ($/kW)e $2,722 $2,203 $2,204 $2,659 $2,149 

Fixed Fuel Cost ($/kW/yr.) $0.00 $0.00 $0.00 $0.00 $0.00 

Variable Fuel Cost (mills/kWh) 4.9 12.6 14.2 13.2 16.5 

Fixed OMR&D Cost ($/kW/yr.)f $70.10 $65.00 $65.00 $69.70 $64.20 

Variable O&M Cost (mills/kWh) 0.9 0.8 0.8 0.9 0.8 

Earliest Service 2000 1996 1998 1998 1998 

Peak Development Rate (units/yr.) 1 1 1 1 1 

Operating Life (years) 30 30 30 30 30 

Real Escalation Rules (%/yr.) 

• Capital Costs 0 0 0 0 0 

• Fuel Costs g g g g g 

• O&M Costs 0 0 0 0 0 

a Delivered to the grid. 
b SWP-Slight Winter Peak. 

C Rounded from 39 months to three years for purpose of portfolio analysis. 

d Construction cash flow for each unit is 12/48/40 percent. 
e "Overnight" cost (excludes interest during construction. 

f Includes operation, maintenance, post-operational capital replacement and decommissioning costs. 

g See Table 8-8. 
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Cogeneration 

Cogeneration is the use of one primary fuel source for 
sequential generation of thermal and electrical energy. 
Cogeneration improves overall energy efficiency. Instead 
of simply burning fuel to create steam or other thermal 
energy for industrial or commercial processes, cogenera
tion adds an electricity generation step and uses the 
"waste" heat from electricity generation for the process 
heat. Alternatively, the fuel can be used initially for pro
cess or space heating, and the "waste" energy from this 
process used for electric power generation. 

In previous Council plans cogeneration has played 
only a minor role. But this power plan recognizes that co
generation has the potential of being a significant resource 
for the region. The increased potential of cogeneration 
results from improved analysis of cost-effective applica
tions and a growing consensus among utilities and industry 
repr~sentatives that there is a large amount of technically 
feasible cogeneration in the region. Acceptance of cogen
eration's potential also has been increased by a growing 
understanding of the changing utility environment. These 
changes support an increased role for dispersed, non-util
ity resources such as cogeneration. 

Cogeneration Technology and History 

Cogeneration is not a new or exotic development. In 
the late 1800s and early 1900s, it was standard practice for 
industry to generate its own electricity, and much of that 
took the form of cogeneration. It has been estimated that 
in 1890, 50 percent of all electricity used in the United 
States was cogenerated.11 During this time, self-gener
ated electricity was more reliable and less expensive than 
utility-generated power. 

As utility systems expanded in the 1930s and began 
benefitting from economies of scale, self-generated elec
tricity became less economically attractive to industry. By 
1950, the share of self-generated electricity cogenerated 
had fallen to 17 percent, and by 1977 it was only 3 to 4 
percent. 

Beginning in the late 1970s, there was a resurgence of 
cogeneration in the industrial sector. In 1980, there were 
an estimated 20,000 megawatts of cogeneration capacity at 
916 facilities throughout the United States. Since then, 
the amount probably has doubled. The rekindled interest 
in cogeneration has been a result of decreasing oil and 
natural gas prices, increasing electricity prices, and gov
ernment policies that were developed to deal with the en
ergy problems that surfaced in the 1970s. Cogeneration 
has been encouraged by the Public Utility Regulatory Poli
cies Act (PURPA), various tax provisions, and fuel use 
restrictions on utilities embodied in the Fuel Use Act. 
PUR_PA provided a stimulus to cogeneration by requiring 
ut1ht1es to purchase electricity from qualifying cogenera
tion facilities at the utility's avoided cost for new generat
ing resources and by requiring utilities to provide back-up 
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electricity and supplemental power to cogenerators at fair 
rates. The relevant portions of the Fuel Use Act and the 
tax provisions have since been repealed or weakened, but 
PURPA remains in effect. 

Cogeneration is most attractive in industries and com
mercial applications with large and relatively constant 
thermal energy requirements. In 1985, five industrial sec
tors accounted for 95 percent of the cogenerated electric
ity in the United States (EIA, 1988). These industries and 
their share of cogeneration are shown below: 

• Paper and Allied Products 47.1 percent 

• Chemicals and Allied Products 28.4 percent 

• Petroleum and Coal Products 7.9 percent 

• Primary Metal Industries 6.5 percent 

• Food and Kindred Products 5.2 percent 

The cogeneration of electricity is regionally concen
trated. About 64 percent of it occurs in the South. This is 
due to large concentrations of pulp and paper manufactur
ers in the Southeast and chemical and petroleum refining 
activity in lexas and Louisiana. Although the Northwest 
has a large pulp and paper industry, cogeneration is not as 
prevalent here due to our low electricity prices. 

Nationwide, cogeneration that has been developed 
under PURPA uses a variety of fuel types. Over half of it 
is natural gas-fired (58 percent); coal is 19 percent, and 
biomass, waste and other fuels accounted for most of the 
rest. In the Northwest, much of the cogeneration takes 
place in lumber or pulp and paper industries and uses 
wood, black liquor and other biomass fuels. 

According to recent data collected by the Bonneville 
Power Administration, there are approximately 900 mega
watts of existing cogeneration capacity in the Pacific 
Northwest. About 85 percent of capacity is concentrated in 
the pulp and paper and lumber and wood products indus
tries. However, only a portion of this capacity is available 
to the regional power system. The Council's 1986 plan 
identified between 307 and 368 megawatts of installed co
generation capacity in the Northwest under contract to 
electric utilities. The discrepancy between the Bonneville 
survey and the 1986 Council plan could be due to cogener
ation that is not contracted to electric utilities (self-gener
ation), installations that are not currently being operated, 
new capacity added since 1986, cogeneration sold out of 
the region, and more comprehensive data collection since 
1986. However, the amount of cogeneration that appears 
in the Pacific Northwest Utilities Conference Committee's 
(PNUCC's) Northwest Ref)onal Forecast for 1989-1990 is 

11. Much of the background information discussed here is tak
en from a November 1988 Electric Power Research Institute 
Final Report EM-6096, entitled, Cogeneration and Utilities: Sta
tus and Prospects, November 1988. 
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much smaller, at 73 megawatts nameplate capacity. In ac
cordance with the Northwest Regional Forecast (the source 
assumptions regarding the existing power system used for 
this plan), the amount of cogenerated electricity that is 
relied on by utilities to meet loads in the region is 58 me
gawatts peak and 46 megawatts average energy. An addi
tional 45 megawatts of cogenerated power is sold out of 
the region. 

Technology is playing an increasing role in expanding 
the applications of cogeneration both in smaller industrial 
settings and in the commercial and multifamily residential 
sectors. Increasing electricity prices, the decrease in natu
ral gas prices since 1986, and the various policy incentives 
discussed above have led to the development of packaged 
cogeneration units. These units are produced as integrated 
cogeneration systems. They come in various sizes, are easy 
to install and can take advantage of the economy of mass 
production. As a result, the per-unit capital cost of a 
packaged cogeneration system can be significantly less 
than that of a typical site-built cogeneration system. 

The development of packaged cogeneration units has 
expanded the potential of cogeneration into many types of 
activities. To be most attractive for cogeneration, reason
ably large and well-balanced thermal and electric de
mands are needed on a fairly continuous basis. Particularly 
attractive for cogeneration are large buildings or com
plexes of buildings, such as hospitals, universities, shop
ping malls, hotels, large office buildings and apartment 
buildings. 

Based on the history of cogeneration, it is clear that 
future cogeneration potential in large industrial applica
tions is largely a question of economics rather than tech
nology. The region's industries hold a fairly large potential 
for cogeneration, but the low electricity rates and ample, 
reliable supplies of electricity have discouraged cogenera
tion development as an alternative to purchasing power 
from utilities. However, as the need for power surfaces, 
utilities probably will work with industry to develop cogen
eration for regional use. 

Development Issues 

There are a number of issues that relate to the devel
opment of cogeneration as a regional electricity resource. 
These include: the integration of cogenerated electricity 
into the physical and financial utility system; the amount 
of electricity generated relative to the thermal require
ments of the host facility; the availability and price of fuels 
used for cogeneration; the provisions for risk sharing in 
cogeneration contracts; and environmental considerations. 
Some of these issues have been addressed in analysis and 
public comment; others can be resolved only on a project
by-project basis. 

Utility Interest 

Cogeneration can be utility-owned, customer-owned, 
owned by a third-party developer, or jointly owned by 
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combinations of these three entities. The electricity pro
duced can be used on-site to reduce or eliminate pur
chases from the electric utility, sold to the utility, or both. 
The electricity output can be matched to the thermal re
quirements of the host facility, or excess electricity can be 
generated. 

Cogeneration shares with conservation certain charac
teristics that may inhibit utility interest in promotion of 
the resource. If the utility does not own the cogeneration 
facility, then current regulatory treatment does not allow 
the utility to earn i return on expenditures to secure pow
er from the facility. If the cogenerated electricity reduces 
utility sales to the cogenerator, or is sold to the utility at 
an avoided cost that is higher than industrial retail rates, it 
is likely there will be increased costs to other utility cus
tomers. Although costs to all customers may be lower in 
the long run, there is a short-term impact on non-partici
pants, as may be the case for conservation. Regulatory 
reform that severs utility profits from sales and encour
ages utility acquisition of the lowest-cost resources should 
resolve these concerns. 

Oversizing 

If high prices are available for cogenerated electricity, 
cogenerators may install facilities that will produce more 
electricity than is consistent with the industry's thermal 
load requirements. Under these conditions, the industry 
becomes a power generator, not just a cogenerator. This is 
known as "oversizing." These incentives have led in some 
areas to cogeneration plants that generate far more elec
tricity than justified by the thermal requirements at the 
site; such plants have been referred to as "PURPA ma
chines." 

The degree to which oversizing is allowed has a signif
icant effect on estimated cogeneration potential. Discus
sion with regional utilities and industries has yielded two 
perspectives. First, if it is economical to oversize and regu
lation permits it, then no attempt should be made to con
strain it. This view holds that there is no harm in allowing 
cogenerators to maximize return by installing oversized 
systems when it is economical to do so. Arguments in fa
vor of allowing oversizing include: 

• Oversizing does not violate current PURPA provisions 
that allow up to 95 percent of the useful energy out
put of a cogenerator to be electrical energy. There
fore, oversizing is consistent with federal policy. 

• Anticipated future growth in thermal requirements 
may call for installing oversized systems today that will 
be balanced systems in the future. 

• The electricity sales from oversizing can provide en
hanced economic vitality for a facility and provide sec
ondary economic benefits. 

• Oversizing may lead to installation of cogeneration 
systems which, although oversized, retain improved 
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overall fuel-use efficiencies compared to stand-alone 
generation. 

• Oversizing, by encouraging installation of new equip
ment designed and operated to current regulations, 
may promote reduction in environmental impacts. 

• Oversizing may help a utility meet its growing loads. 

Others argue that oversizing should be discouraged 
for reasons that follow: 

• Significant oversizing can lead to reductions in overall 
fuel-use efficiency. Once the point of thermal balance 
has been exceeded, there is no use for the additional 
waste heat from the electrical generation process. The 
excess generating capability has the same characteris
tics of a stand-alone electrical generating station. If 
its marginal efficiency is less than that of central-sta
tion technologies that can utilize the same fuel, effi
ciency can be improved by limiting the cogeneration 
facility to thermal balance, and developing additional 
capacity using central-station electrical generation. 

• Control of emissions can be easier at central-station 
generating plants. There are fewer point sources for 
emissions, and central-station facilities typically are 
monitored and regulated more closely than smaller 
industrial and commercial facilities. 

• Oversizing may promote excessive reliance on the use 
of natural gas and lead to vulnerability to natural gas 
price volatility and supply constraints. 

If the trend toward competitive bidding continues, it 
should result in pressure to provide electricity as cheaply 
as possible. This should create a general tendency toward 
the more efficient size configurations, that is, toward ther
mal balance. Meanwhile, the Council encourages the de
velopment of thermally balanced cogeneration systems. 

Fuel Supplies and Prices 

Regional cogeneration potential is limited both by the 
availability of "host" facilities with suitable thermal loads 
and by the availability and price of fuel. Fuels used by ex
isting cogenerators in the Northwest are primarily biomass 
residues and spent pulping liquor in the wood products 
and pulp and paper industries, and natural gas in other 
applications. 

In 1989, the Council released an issue paper on bio
mass resources, prepared by James D. Kerstetter of the 
Washington State Energy Office. This report includes esti
mates of the amount and associated prices of biomass resi
dues potentially available for electricity generation. This 
assessment concluded that in the Northwest there is po
tential for greatly increased utilization of biomass residues 
for power plant fuel. However, there is considerable un
certainty regarding the amount of biomass fuel that might 
be available for new cogeneration applications. 
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Contributing to the uncertainty are: 1) competing uses 
for biomass material, 2) logging and agricultural residue, 
for example, previously have not been used as fuel in the 
Northwest, and 3) unknown future production of these 
materials. The amount of biomass residue potentially 
available as fuel might be as great as 115 trillion Btu an
nually, enough to support about 2,900 megawatts of cogen
eration. But, because of the great uncertainty regarding 
the availability of this fuel, the Council currently assumes 
only 30 trillion Btu will be available for electricity genera
tion. Of this portion, 19 trillion Btu are assumed to be 
available for cogeneration. Further discussion of the avail
ability and cost of wood residue fuels is provided in the 
biomass section of this chapter. 

The Council hired a consulting firm to study the avail
ability and cost of natural gas both for firing combustion 
turbines and for cogeneration. The consultants concluded 
it is likely there will be adequate supplies12 of natural gas 
at the producer level to support the Council's proposed 
levels of gas use for combustion turbines and cogeneration 
(Economic Insight, Inc., 1989). The limiting factor on gas 
availability will be access to transportation. This is espe
cially true in the near- and mid-term future. In the long 
term, if the demand for gas is strong enough, sufficient 
transportation capacity will be constructed. Gas transpor
tation is thought to be institutionally easier to construct 
than electrical transmission and, consequently, may be 
more responsive to increases in demand. 

In spite of the optimistic conclusions of Economic In
sight, Inc., significant concerns remain about future sup
plies and costs of natural gas. Much of the discussion 
centers around the desirability of using natural gas directly 
in end uses instead of using it to generate electricity. Since 
cogeneration is a very efficient use of natural gas, this is
sue does not apply to the use of natural gas in a cogenera
tion unit. Nevertheless, natural gas price, driven in part by 
other uses of gas, can have a significant effect on the cost
effectiveness of cogeneration and represents an important 
uncertainty and risk for power planners. 

Further discussion of the availability and cost of natu
ral gas is provided in the nonfirm strategies section of this 
chapter. 

Risk Sharing 

Unlike conventional utility resource development, the 
development of resources such as cogeneration by inde
pendent developers offers the possibility of transferring 
some, or all of the risk associated with resource develop
ment and operation to the independent developer. 
However, the utility may have to pay a higher price for 

12. This is not a universally held position. Although the total 
amount of natural gas appears to be plentiful, the ability of the 
natural gas industry to deliver at peak rates is a subject of some 
concern. 
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independently developed cogeneration than for compara
ble resources developed by the utility itself, in compensa
tion for risk assumed by the cogeneration developer. For 
example, a substantial portion of the risk of new resources 
occurs because of uncertain future fuel prices. Utilities 
often can pass through the effects of fuel price increases 
incurred during the life of their own generating plants, 
whereas a cogeneration developer may have to include 
fuel price risk in an "up-front" power sales agreement. 
Industry representatives have said that if the region wants 
to ensure the availability of cogeneration to meet future 
regional loads, utilities and regulatory agencies must be 
willing to share the risk. Returns should be appropriate to 
the risks that are being borne. One party cannot be ex
pected to bear significant risk without compensation. An 
acquisition mechanism that compensates risk-bearers will 
increase the likelihood that the resource is available for 
development. As an example, fuel price adjustment provi
sions could be provided in a cogenerator's power sales 
contract. 

Environmental Considerations 

The environmental effects of cogeneration depend on 
the type of fuel used. In general, the emissions from co
generation are similar in nature to the emissions of stand
alone generation from the same fuel sources. The 
magnitude of emissions per unit of electrical production, 
however, is a function of the efficiency of the cogenera
tion plant and the extent of emission control. 

There are some environmental benefits that derive 
from the energy efficiency of cogeneration. Because the 
process uses waste heat, the amount of fuel burned to co
generate, and therefore the amount of emissions, is poten
tially less than if the thermal energy and electricity were 
generated separately. The actual emissions, however, de
pend on the level of emission control, which may be less 
stringent for cogeneration plants than for central-station 
electric generating plants. Also, if the thermal and electric 
loads are not matched, and the cogeneration plant does 
not use all of the waste heat, then the emissions might be 
greater than if the electricity were produced in a larger 
and more efficient combustion turbine. 

With growing applications of small-scale cogenera
tion, two particular problems may arise. The emissions 
may be more dispersed and closer to densely populated 
areas. In addition, small scale applications often subject to 
less stringent environmental controls than larger utility 
generating plants. These problems can be addressed with 
comparable environmental controls for cogeneration and 
control-station generation. 

Competition with Conservation 

Small-scale cogeneration in the commercial sector 
raises the issue of the efficiency and environmental desir
ability of cogeneration versus end-use efficiency improve
ments to building shells and end uses of electricity. Energy 
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efficiency in commercial buildings has not been given the 
same level of incentive and promotion as cogeneration, 
and yet end-use efficiency improvements may be more 
cost-effective than small-scale cogeneration. Studies have 
shown that in many cases, the attractiveness of cogenera
tion projects diminishes when applied to more efficient 
buildings. Conversely, conservation would appear less 
cost-effective in a building with a cogeneration system. 
These trade-offs need to be considered in implementing a 
regionally cost-effective power system. 

Cogeneration Potential in the 
Pacific Northwest 

There have been nearly 30 studies of the cogeneration 
potential of the Northwest. These studies used different 
methods and time horizons and have come to a wide vari
ety of conclusions. Estimates of cogeneration potential 
ranged from under 200 megawatts to over 2,000 mega
watts. Many conclusions centered around the 300 to 600 
megawatt range, but the conclusions of 10 studies exceed
ed these estimates. 

In its first power plan in 1983, the Council estimated 
that 500 megawatts of cogeneration would be available to 
serve medium-high and high-demand forecasts. This was 
based on review of previous studies and comments re
ceived from participants in the regional planning process. 
The estimate used in the 1986 Power Plan was much more 
conservative, ranging from 130 megawatts in the low case 
to 320 megawatts in the high case. These estimates were 
derived from the results of a PNUCC utility customer sur
vey that showed possible cogeneration of 510 megawatts at 
prices of 10 cents per kilowatt-hour or less. 

The estimate of regional cogeneration potential used 
in this plan was derived through extensive studies involv
ing Bonneville, PNUCC and utility and industrial work 
groups. These studies are described below. 

The Bonneville/TechPlan Study 

Bonneville contracted with ADM Associates, Inc., in 
1987 for an assessment of the cogeneration potential in 
the Pacific Northwest. Results of this assessment were 
presented at a seminar in May 1988. As a result of com
ments received from this seminar, Bonneville contracted 
with a subcontractor of the ADM study, TechPlan Associ
ates, Inc., to refine the methodology, update data, and 
make other changes in assumptions. The report on this 
study was released in March 1989 (BPA, 1989a). A seminar 
was conducted on May 3, 1989, to present the methodolo
gy and findings of the report. 

The results of the report, along with a preliminary list 
of issues, was subsequently presented to Bonneville's Re
source Program Technical Review Panel on May 18, 1989. 
This panel recommended that comments be sought from 
utilities and industries regarding the assumptions used in 
the Bonneville/fechPlan analysis. As a result of this rec-
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ommendation, two work groups were formed, a Utility 
Cogeneration Work Group hosted by the Pacific North
west Utilities Conference Committee (PNUCC), and an 
Industry Cogeneration Working Group hosted by Bonne
ville. Both of these working groups produced recommen
dations for further analysis. The work of these groups 
played an important role in defining issues and framing 
subsequent Bonneville and Council analyses. 

The Utility Working Group consisted of representa
tives of both investor-owned and publicly owned utilities 
in the Northwest. The group undertook two tasks. First, it 
agreed to review the methodology and assumptions of the 
BonnevillenechPlan assessment, and, second, it elected to 
prepare a compendium of regional utility experience and 
perspectives regarding cogeneration resources (PNUCC, 
1990b). As a result of the first task, the group recom
mended developing a range estimate of regional cogenera
tion potential in order to reflect the uncertainty associated 
with fuel prices, regional economic activity, financial con
ditions, and application of different technologies. The 
group offered two cases to bound the range. These two 
cases-one aggressive, the other conservative-were de
fined by specifying three parameters used in the TechPlan 
model. The results of those case studies are discussed lat
er in this section. 

The Industry Working Group consisted of representa
tives of pulp and paper, chemical, food, and petroleum 
industries, plus hospitals and federal government installa
tions. In addition, industrial customers and independent 
developers were represented. The group's input was solic
ited on internal rate of return assumptions, oversizing of 
cogeneration facilities, fuel availability and cost over time, 
and industry response to sell-back prices. Input also was 
sought on specific assumptions used in the Bonneville/ 
TechPlan analysis. 

Results of the initial application of this model were 
released in March 1989 (BPA, 1989a). Comments resulting 
from the seminars and other public review, and findings of 
additional analysis were released in a follow-up report 
(BPA, 1989b). These results suggested significantly more 
potential for cost-effective cogeneration than most pre
vious studies. Neither the Council nor Bonneville used 
these results directly. Instead TechPlan converted and in
stalled the Cogeneration Regional Forecasting Model on 
the Bonneville and Council computer systems. 

Bonneville and the Council staffs, with support from 
TechPlan, analyzed the conservative and aggressive cases 
recommended by the PNUCC Utility Working Group. In 
addition, the Council and Bonneville staffs developed base 
case assumptions to be used in producing a measure of 
central tendency for cogeneration supply, and to provide a 
basis for other sensitivity analyses. These analyses were 
discussed in a Council staff issue paper on cogeneration in 
1989 (NPPC, 1989b) and are reviewed in the following sec
tion. The results displayed in the issue paper were further 
modified to derive the supply estimated for this plan, as 
described in the final part of this section. 
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Bonneville and the Council used the TechPlan meth
odology as the basis for joint development of regional co
generation supply curves for use in both Bonneville's 1990 
Resource Program and this power plan. Because the 
method used is central to the development of supply 
curves, the following section includes an abbreviated de
scription of the TechPlan model, which is called the Co
generation Regional Forecasting Model. The contractor 
report (BPA 1989a) contains more detailed documenta
tion. 

The TechPlan Cogeneration Regional 
Forecasting Model 

Many of the previous estimates of cogeneration supply 
potential have been based on industry surveys. The Tech
Plan study differs in that it uses a micro-economic ap
proach to evaluate cogeneration potential. It relies 
principally on a proprietary computer model called the 
Cogeneration Regional Forecasting Model. This model 
forecasts future circumstances and technology options 
available to a variety of potential cogeneration project 
sponsors. Evaluation of project economics is used to simu
late the decisions that would be made with respect to proj
ect development. Estimates are developed for the 
numbers of facilities suitable for cogeneration installations 
across the Pacific Northwest and the energy potential of 
specific facility types is scaled up to derive total potentials 
for the region. Note that this approach is similar to that 
used by the Council and Bonneville for development of 
conservation supply curves. Both methodologies require a 
forecast of a diverse set of buildings or facilities, estima
tion of their energy-use patterns, and simulation of deci
sion-maker behavior. 

In the Cogeneration Regional Forecasting Model, the 
Pacific Northwest is divided into 23 subregions. These sub
regions were selected with consideration of electricity 
prices, climate zone, type of serving utility (consumer
owned or investor-owned), and the boundaries of the 
Bonneville service territory. Facilities that potentially 
could install cogeneration equipment are grouped into 25 
types. The groupings are based on similarity of energy use 
patterns. Eleven of the facility types are industrial plants, 
the remaining 14 are commercial facilities. Each of the 
facility types is further broken down into four typical size 
categories. The combination of subregions, facility types, 
and facility sizes yields 2,300 separate facility types that 
are evaluated for cogeneration potential. The model in
cludes a data base of the estimated current number of 
existing commercial and industrial facilities that fall into 
each of these 2,300 categories. In addition to the number 
and type of facilities, representative energy use patterns, 
consisting of three electrical end uses and eight thermal 
end uses, are developed for each facility type within each 
subregion. These are differentiated seasonally and are 
assembled into load duration curves. 
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The model attempts to match a cogeneration technol
ogy with each of the 2,300 facility type combinations. The 
model has a set of representative technologies available to 
choose from, including reciprocating engine, combustion 
turbine, steam turbine, and combined-cycle combustion 
turbines. In all, there are 22 separate configurations of 
these basic technologies available within the model. Each 
has different capabilities with respect to electrical and 
thermal outputs, and the applications and modes of opera
tion they are best suited for. Using assumptions regarding 
fuel prices and the price at which the facility could sell 
electricity back to the utility, the model performs a cost/ 
benefit analysis for a subset of the configurations appro
priate for each facility type. The objective is to find the 
configuration, operating mode, and system size that maxi
mizes the internal rate of return 13 to the project sponsor. 
For installations where it is profitable to sell all electricity 
generated back to the utility (i.e., where the electricity 
sell-back price is higher than the electricity rate paid by 
the facility), system size decisions normally are constrained 
by the minimum efficiency requirements specified by 
PURPA. (This parameter was modified for the estimates 
used in the Council's portfolio.) 

When cogeneration systems have been matched for all 
of the facility type combinations, the results are scaled up 
by the expected number of facilities existing in the 20th 
year. Checks are made at this point to ensure that mini
mum present value savings and internal rates of return are 
attained. This process yields a distribution for a supply of 
cogeneration as a function of internal rate of return. As
sumptions are made about penetration (decisions to install 
the cogeneration equipment) at different levels of internal 
rates of return. Typically, the higher the internal rate of 
return, the greater the penetration. These penetration 
limits are used to reduce the economic potential to an 
achievable potential. 

This entire procedure is run for various electricity 
sell-back prices (the price utilities will pay for cogenerated 
electricity) to produce a supply curve for cogeneration en
ergy potential as a function of sell-back price. 

Subsequent Analysis 

Like most models, the Cogeneration Regional Fore
casting Model requires several key assumptions. These 
assumptions are: 1) the price of cogeneration fuels, 2) the 
allowed electrical/thermal output ratio, 3) decision-mak
ers' propensity to install cogeneration at different internal 
rates-of-return, and 4) industrial growth forecasts. Varia
tions in these assumptions were used to construct a base 
case and high and low estimates using assumptions sug
gested by the PNUCC work group. In addition, assump
tions were varied one at a time to test the model's 
sensitivity to each factor. 

The Cogeneration Regional Forecasting Model was 
used to estimate cogeneration potential for four cases. 
The four cases are the TechPlan assumptions used in the 
May 1989 Bonneville report, the PNUCC utility working 

1991 NORTHWEST POWER PLAN-VOLUME II 

CHAPTERS 

group aggressive and conservative cases, and the base case 
set of assumptions developed by Council and Bonneville 
staff. These cases are summarized in Table 8-12. 

In developing a set of assumptions for a base case, 
one of the important issues is fuel availability and cost. 
The TechPlan model relies on two principal fuel types for 
cogeneration installations. Wood residues are assumed to 
be the principal fuel used in the wood products and paper 
industries. Natural gas is the fuel for virtually all other 
facilities. Currently there are no provisions in the Tech
Plan model for constraining fuel supply for either of these 
fuel types. However, adjustments can be and were made 
to model results to reflect fuel supply limits. 

Natural gas prices for the base case were set to firm 
contract levels used in the Council's 1989 supplement. 
These begin at $3.61 per million Btu in 1988 and escalate 
at about 1.9 percent per year more than general economic 
inflation. They reach $5.20 by 2010 in 1988 dollars. 14 

Wood residue fuel prices start at low levels, $0.70 per mil
lion Btu, but escalate rapidly in the latter half of the fore
cast period, reflecting growing competition for the fuel 
and increased shares of more expensive logging residues 
relative to mill residues. The wood residue assumptions 
were based on the analysis of the availability and cost of 
biomass resources described in the Biomass section of this 
chapter. 

The base case uses an electrical/thermal output ratio 
of 50/50. This assumption is intended to represent approxi
mate thermal balance with some amount of oversizing to 
allow for growth in facility thermal energy use patterns or 
other factors that may make oversizing regionally cost
effective in specific applications. 

Another important assumption is the relationship be
tween the decision-makers' propensity to install a cogen
eration facility and the perceived economic benefits of the 
decision. As mentioned previously, the TechPlan model 
requires a relationship defining penetration as a function 
of internal rate-of-return. There appears to be very little 
empirical data on this subject and, to date, the public re
view process has provided only qualitative input. The base 
case assumptions (see Table 8-12) reflect the assumptions 
used by TechPlan and by the PNUCC Utility Working 
Group. Where those assumptions diverge, a central ten
dency has been used. An upper limit on penetration of 85 
percent of the potential was chosen, because it corre
sponds to the limit assumed for conservation penetration. 

13. Internal rate of return is defined as the discount rate that 
causes the present value of project savings to equal the present 
value of project costs. It is commonly used as a measure of eco
nomic attractiveness in investment decisions. 

14. Note that these are the prices actually used in the Cogener
ation Regional Forecasting Model for this analysis. The Coun
cil's natural gas price forecasts have subsequently been adjusted 
to 1990 dollars, and slightly modified for the near term. See the 
"Nonfirm Strategies" section of this chapter. 
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The results of this analysis are shown in Figure 8-7. 
The figure plots cogeneration potential as a function of 
electricity sell-back price. The energy values represent the 
amount of energy that could be available by the end of the 
20-year planning period. The electricity sell-back prices 
shown are nominal levelized cents per kilowatt-hour and 
are expressed in January 1990 dollars. 

The results show a large variation in achievable co
generation potential. At a sell-back price of about 12 
cents per kilowatt-hour, the estimated potential ranges 
from 1,350 megawatts in the PNUCC conservative case to 
9,700 megawatts using the TechPlan assumptions. The 
PNUCC aggressive case shows a potential of 5,100 mega
watts, and the Council/Bonneville base case predicts 3,300 
megawatts. At a sell-back price of 7.5 cents nominal, 
which is roughly comparable to the long-term avoided cost 
used in this plan, the range is from O megawatts to 1,550 
megawatts. This compares to a range of 130 to 320 
megawatts identified in the 1986 plan for cogeneration 
potential. 

GENERATING RESOURCES 

Sensitivity tests demonstrated that variations in key 
assumptions could cause swings of over 3,000 average me
gawatts in the estimated cogeneration potential. The 
amount of allowed oversizing and decision-makers' pro
pensity to invest in cogeneration had substantial potential 
to increase cogeneration resource estimates. The price of 
cogeneration fuels, however, carried more potential for 
decreased estimates. These sensitivity studies are de
scribed in detail in the Cogeneration Resources issue pa
per (NPPC, 1989b ). 

Table 8-12 
Analytical Assumptions 

TechPlan PNUCC Conservative PNUCC Aggressive Council/Bonneville Base 

Electrical/Thermal Output 9515 33/67 60/40 50150 
Ratio Limit 

Fuel Price ($/MMBtu) 

• Natural Gasa $2.50/4.50b $3.61 $3.16 $3.61 

• Biomassc $0.70 $0.70 $1.50 $0.70 

TechPlan PNUCC Conservative PNUCC Aggressive Council/Bonneville Base 

Internal Rate of Return (%) Penetration (%) 

0 0 0 0 0 

5 0 0 0 0 

10 5 5 15 10 

15 10 10 25 15 

20 15 15 35 20 

25 20 20 45 30 

30 40 40 50 45 

35 80 60 60 60 

40 95 80 80 85 

a Gas price series as described in discussion of "Nonfirm Strategies." 

b Large user/small user prices. 

C Biomass fuel price not to exceed the price of natural gas during the period of the study. 
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These estimates were adjusted based on public com
ment received on the Cogeneration Resources issue paper 
and the final Council assumptions regarding the cost and 
availability of biomass fuels. The principal change related 
to the likely limited availability of low-cost biomass fuels. 
The mean biomass fuel availability was estimated to be 10 
trillion Btu per year from mill residues and 15 trillion Btu 
per year from logging residues. Of this total, 19 trillion 
Btu were assumed to be available for cogeneration. (See 
the Biomass section of this chapter.) This limits cogenera
tion from biomass fuels to 480 average megawatts, instead 

6 7 

PNUCC Conservative 
PNUCC Aggressive 
1echPlan 

8 9 

Nominal Cents (kWh) 
10 11 12 

of the 1,600 megawatts estimated to be available in the 
unconstrained base case analysis. As a result, the base 
case achievable co generation potential adopted by the 
Council is 2,200 average megawatts at 11.8 cents per 
kilowatt-hour, consisting of 480 megawatts of biomass
fired cogeneration in the paper and wood products indus
tries and 1,720 megawatts of gas-fired cogeneration in 
other sectors (see Tuble 8-13). 

Table 8-13 
Achievable Cogeneration Potential (Average Megawatts) (1990 Dollars) 

Sell-Back Price 
(cents/kWh) Base Case Lower Bound Upper Bound 

5.9 0 0 0 

6.9 38 0 53 

7.9 448 0 522 

8.9 515 99 526 

9.9 536 415 899 

10.8 1,663 592 3,341 

11.8 2,200 692 4,017 
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Upper and lower bounds of achievable cogeneration 
potential were derived from the PNUCC aggressive and 
conservative cases, respectively. The estimated upper 
bound of achievable cogeneration includes about 4,020 
megawatts of cogeneration at a sell-back price of 11.8 
cents per kilowatt-hour, or less. This amount consists of 
480 megawatts of biomass-fired cogeneration (limited as 
in the base case), and about 3,540 megawatts of natural 
gas-fired cogeneration. The lower bound of achievable 
cogeneration comprises 480 megawatts of biomass-fired 
cogeneration and about 210 megawatts of natural gas
fired cogeneration for a total achievable potential of 690 
megawatts at 11.8 cents per kilowatt-hour or less. 

As discussed in the biomass section of this chapter, an 
additional 43 trillion Btu (annually) of biomass fuels may 
become available for cogeneration use. This amount of 
biomass fuel would increase the estimated contribution of 
biomass-fired cogeneration to about 1,140 megawatts in 
the lower bound case (for a total of about 1,350 megawatts 
of cogeneration). The biomass-fired cogeneration would 
increase in the base case to about 1,570 megawatts, for a 
total of about 3,290 megawatts of cogeneration. In the 
upper bound case, biomass fuel availability would also in
crease to about 1,570 megawatts, for a total cogeneration 
potential of about 5,100 megawatts. As described in Vol
ume II, Chapter 1, the Council plans to identify actions 
that might be taken to expand the availability of biomass 
fuels and make these larger amounts of cogeneration 
available to the region, if needed. 
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The adopted base case supply curve for cogeneration 
and upper and lower bounding curves are shown in Figure 
8-8. 

Planning Assumptions 

For the purposes of resource portfolio analysis the 
cogeneration resource was split into four blocks, reflecting 
different fuels and costs. The first block contains 480 aver
age megawatts of energy at an average levelized nominal 
cost of 7.5 cents per kilowatt-hour. This block is primarily 
biomass-fueled cogeneration in the wood products indus
tries. The second through fourth blocks are gas-fired co
generation, primarily in the petrochemical, hospital and 
institutional sectors, ordered by increasing cost. The sec
ond block contains 57 average megawatts at an average 
cost of 7.6 cents per kilowatt-hour, the third block con
tains 1,126 average megawatts at an average cost of 10.3 
cents per kilowatt-hour, and the fourth block contains 537 
megawatts of energy at an average cost of 11.3 cents per 
kilowatt-hour. The cogeneration planning assumptions are 
summarized in Table 8-14. 

High Bound 

7 8 9 10 11 12 13 
Nominal Cents (kWh) 
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Table 8-14 
Cogeneration Planning Assumptions (1990 Dollars) 

Resource Block Cogeneration 1 Cogeneration 2 Cogeneration 3 Cogeneration 4 

Total Capacity 600 71 1,408 671 

Total Firm Energy (MWa) 480 57 1,126 537 

Unit Capacity (MW) 25 10 10 10 

Seasonality None None None None 

Dispatchability Must-run Must-run Must-run Must-run 

Siting and Licensing Lead Time (months) 24 24 24 24 

Probability of Siting and Licensing Success(%) 80 80 80 80 

Siting and Licensing Shelf Life (years) 5 5 5 5 

Probability of Hold Success (%) 90 90 90 90 

Construction Lead Time (months) 24 24 24 24 

Construction Cash Flow (%/yr.) a a a a 

Siting and Licensing Cost ($/kW) a a a a 

Siting and Licensing Hold Cost ($/kW /yr.) a a a a 

Construction Cost ($/kW) a a a a 

Fixed Fuel Cost ($/kW /yr.) a a a a 

Variable Fuel Cost (mills/kWh) a a a a 

Fixed OM&R Cost ($/kW/yr.) a a a a 

Variable O&M Cost (mills/kWh) a a a a 

Earliest Service 1995 1998 1999 2002 

Peak Development Rate (units/yr.) 10 6 48 34 

Operating Life (years) 40 40 40 40 

Variable Energy Costs (cents/kWh)b 

• Levelized Real 3.8 3.9 5.3 5.8 

• Levelized Nominal 7.5 7.6 10.3 11.3 

a Siting, construction and operating costs are omitted from this table, because total energy prices from the cogeneration regional 
forecasting model (shown as energy costs) were used for costing this resource. 
b Levelized real costs are in 1990 dollars. Costs for levelized nominal costs are based on initial service in 1990. 

As discussed in the introduction to this chapter, when 
resources are developed by non-utility developers, the 
issue of risk-sharing arises. In evaluating the economics of 
utility-constructed resources, including conservation and 
generating resources, the Council attempts to use a set of 
consistent economic assumptions in cost comparisons. 
These assumptions imply a consistent allocation of invest
ment risk between the resource developer and the 
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region's ratepayers. In this way, all resources are placed 
on an equal footing for cost comparison. 

However, the cogeneration supply curves that are 
generated using the TechPlan model express potential not 
as a function of direct cost, but as a function of the price 
that cogeneration developers would ask for electricity. In 
cases where we have assumed cogeneration sponsors' de
sire to earn rates of return that are higher than those im
plied in the financing assumptions for other resources, the 
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cost of cogeneration may be overstated with respect to 
other resources. Though the prices developed by use of 
the model represent the prices that utilities may have to 
pay for cogenerated electricity from independently owned 
facilities, the actual costs of cogeneration borne by society 
may be somewhat less than those measured by the elec
tricity sell-back price. Additional return to the facility is a 
transfer payment from consumers of electricity to the fa
cility owners in return for assumption of risk associated 
with resource development and operation. 

Conclusions 

Cogeneration is a proven resource as manifested by its 
historical role and its recent resurgence. Its future role is 
largely a matter of economics and electric system policies 
that might be established to promote fuel diversity. There 
is already a significant amount of cogeneration capacity 
installed in Northwest industries, but much of it is not 
being used because of the availability of low cost and reli
able electricity from the region's utilities. The region's mix 
of industries, including large concentrations of pulp and 
paper, petrochemical plants, food processing, and lumber, 
represent significant potential for cogeneration. 

Previous Council plans included very limited amounts 
of cogeneration, but suggested further study of its poten
tial. Bonneville has been doing those studies over the past 
few years. Although further refinement of the analytical 
methods continues, joint forecasts of cogeneration poten
tial by Bonneville and Council staff show that cogenera
tion could meet a much more significant share of the 
region's future electricity needs than has been assumed in 
past Council plans. One important refinement to model 
results will be to impose transmission constraints, recog
nizing the relative locations of cogeneration opportunities 
and regional loads. 

The amount of cogeneration potential depends on 
future avoided costs. California experience has shown that 
if attractive prices are offered, a great deal of cogenera
tion can be developed. The base case cogeneration supply 
curves adopted for this plan indicate that if cogenerators 
were offered 6.9 cents per kilowatt-hour levelized nominal 
price for cogenerated electricity (roughly equivalent to 
current avoided costs), only about 40 megawatts could be 
expected to be developed. However, if cogenerators were 
offered 9.9 cents per kilowatt-hour for the power they 
generate, the amount developed would increase to about 
540 megawatts under base case conditions and nearly 900 
megawatts under more aggressive assumptions. 

The base case estimate of 2,200 megawatts represents 
a cautious planning assumption, even though it is signifi
cantly increased from previous Council assumptions. Two 
pieces of information may put it into perspective. In 
PNUCC's Northwest Regional Forecast, (PNUCC, 1990a), 
utilities have identified 650 average megawatts of assured 
or planned new cogeneration. A PNUCC survey of least 
cost plans shows that cogeneration is an important re
source in utilities' plans for the long term.15 In response 
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to a competitive bid solicitation, Puget Sound Power and 
Light received bids for 22 different cogeneration projects 
with a total capability of 1,112 average megawatts. Cogen
eration has significant potential as an electricity resource 
and offers substantial benefits from an overall energy effi
ciency and environmental standpoint, if appropriate envi
ronmental controls are installed. 

Several issues require resolution to facilitate the de
velopment of cost-effective and environmentally accept
able cogeneration. First, cogeneration, to a great extent, 
will be an independently developed resource. It is impor
tant that acquisition procedures for independently devel
oped resources be developed and tested by utilities 
expecting to need new resources. 

Opportunities for cogeneration are where you find 
them. Utilities having potential host facilities for cogener
ation in their service territories should adopt policies and 
procedures for wheeling cogenerated power to utilities 
needing this resource. However, the prospect of a utility 
losing sales to a potential cogenerator who would sell to 
another utility (i.e., a firm that would develop cogenera
tion meeting its own electrical needs, and providing a sur
plus to sell to a utility) may be a powerful disincentive for 
cooperation regarding wheeling. 

Experience in other regions suggests that large 
amounts of natural gas-fired cogeneration might become 
economically attractive once certain avoided cost levels 
are attained. This analysis suggests that this level is about 
10 to 11 cents per kilowatt-hour in the Northwest. Over
sizing might become very attractive at this price. To limit 
risk associated with future natural gas price uncertainty, 
and to maximize fuel-use efficiency, the Council recom
mends that natural gas-fired cogeneration be limited to 
approximately 1,700 megawatts at this time. Moreover, the 
Council recommends that gas-fired cogeneration plants 
generally be designed to thermal-electric balance. In the 
several years until avoided costs rise to 10 to 11 cents per 
kilowatt-hour in the Northwest, methods of managing 
resource diversity, and strategies for encouraging cogener
ation thermal-electric balance, where desirable, need to 
be developed. 

Cogeneration provides a cost-effective and highly effi
cient means of using biomass fuels. However, there is 
great uncertainty regarding the future price and availabil
ity of these fuels. Although apparently available in great 
quantity, certain forms of biomass, such as forest and agri
cultural residues, currently are not used to any extent as 
fuels. The price and availability of these materials should 
be investigated more thoroughly. 

Although it is likely that federal emission control reg
ulations gradually will be tightened for small-scale dis
persed generating facilities, central-station power plant 
emission control requirements are typically more stringent 
than those for dispersed small-scale plants. State and 

15. See PNUCC. 1990b, p. 16. 
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local regulations should be reviewed and upgraded to en
sure that distributed, small-scale plants are subject to lev
els of emission control comparable to central-station 
plants. Certain performance standards perhaps should be 
more stringent for cogeneration, because this is a distrib
uted resource and more likely to be developed near popu
lation centers. 

Finally, in some circumstances, cogeneration may 
compete with more cost-effective end-use efficiency im
provements. Implementation of one may render the other 
not cost-effective. Resource acquisition programs should 
ensure that opportunities for end-use efficiency improve
ments are explored whenever cogeneration is considered, 
and that the most cost-effective of the two resources is 
developed. 
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Geothermal Power16 

Geothermal resources are the usable heat of the 
earth. This heat, contained in both rocks and fluids, can be 
extracted for direct space, water or process heating appli
cations, or to generate electricity. 

The Pacific Northwest's first commercial use of geo
thermal energy commenced with construction of the 
Warm Springs Heating District in Boise, Idaho in the early 
1890s. However, the resource there and elsewhere in the 
United States remained more a novelty than a significant 
energy resource until the 1950s when geothermal energy 
was first used to produce electricity at The Geysers in 
northern California. 

Interest in geothermal energy grew through the 1970s 
with passage of the Geothermal Steam Act of 1970 (P.L. 
91-581), the Arab oil embargo of 1972-74, the develop
ment of the federal geothermal leasing program and pas
sage of the federal Geothermal Energy Research, 
Development and Demonstration Act of 1974 (P.L. 
93-410). The U.S. Geological Survey took the lead role in 
resource identification and published this information in 
USGS Circulars 726 and 790 (Muffler, 1979). These circu
lars identified promising geothermal areas for the United 
States. By the mid-1970s, numerous state and federal pro
grams were in place to assess geothermal resources of the 
United States and to aggressively encourage exploration 
and development. Geothermal interest remained high 
through the late 1970s and early 1980s due to increasing 
oil prices, market creation resulting from the Public Util
ity Regulatory Policies Act of 1978 (PURPA; P.L. 95-617), 
and a second major oil shortage in 1979. 

By 1981, major changes began to occur. At the nation
al level, oil prices stabilized and interest in renewable en
ergy waned. In the West, continued development of 
geothermal resources in California and Nevada reflected a 
strong growth in California energy demand, active imple
mentation of PURPA by state regulators, favorable state 
and federal tax provisions and an abundance of venture 
capital. But in the Northwest, projected power deficits 
were replaced by forecasts of prolonged surplus and low, 
stable rates, dashing the hopes of developers that rising 
regional electrical prices would create a profitable market 
for geothermal energy. Incentives for exploration van
ished. 

In its 1986 Power Plan, the Council found that genera
tion of electrical energy using the geothermal resources of 
the Pacific Northwest potentially could be cost-effective. 
But because the resource had not been confirmed, it was 
not included in the portfolio of the 1986 Power Plan. 

To reduce uncertainties regarding the feasibility of 
using Northwest geothermal resources to generate electric 
power, the 1986 Action Plan called on Bonneville to com
plete design of the geothermal confirmation program 
called for in the 1983 Power Plan. Bonneville, in its 1990 
Resource Program, proposed a geothermal confirmation 
program to be jointly undertaken between Bonneville and 
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other interested utilities. Bonneville's proposed confirma
tion program is consistent with the recommendations of 
the Council's Research, Development and Demonstration 
Advisory Committee, described in Volume II, Chapter 1. 

Geothermal Technology 

Four types of geothermal power conversion systems 
are in common use. These are dry steam, single-flash, 
double-flash, and binary-cycle power plants. The selection 
of technology for a specific application is sensitive to geo
thermal fluid phase (i.e., dry steam or water) and tempera
ture. 

Dry steam reservoirs occur rarely but are the simplest 
to exploit for electrical generation. This was first done at 
Lardarello, Italy, in 1904. The United States' geothermal 
industry began when dry steam was harnessed at The Gey
sers in 1955. The Geysers remains the only commercial 
dry steam field in this country. The basic design (see Fig
ure 8-9) involves directing the steam from naturally flow
ing dry steam wells through a rock catcher, 17 then directly 
into a turbine. A condenser is used to create a vacuum at 
the turbine exhaust to increase efficiency. Mechanical
draft cooling towers normally are used for condenser cool
ing. Condensate is returned to the reservoir using 
injection wells. The thermodynamic efficiency of dry 
steam plants is near 50 percent. 

Single-flash power plants (see Figure 8-10) are de
signed for hot water reservoirs above 220°C ( 425°F). 
High-temperature reservoir water flows to the surface via 
wells and is directed into steam separators. Lower pres
sure maintained within the separator allows a portion of 
the hot water to flash into steam. In most systems, this 
amounts to about 15 to 20 percent of the water. The 
flashed steam is directed through scrubbers, to the turbine 
and thence to a condenser. Residual liquid from the sepa
rator, together with condensate, is returned to the reser
voir by injection wells. The condenser normally is cooled 
by cooling towers. The thermodynamic efficiency of a sing
le-flash plant is about 35 percent. 

16. Much of the background information and analysis in this 
section was taken from an issue paper prepared for the Council 
by John D. Geyer of John Geyer and Associates, through a 
contract with the Washington State Energy Office. This paper 
appeared as Council Staff Issue Paper 89-36, Geothennal Re
sources, October 16, 1989. The Northwest Power Planning 
Council appreciates the assistance that it has received from the 
Washington State Energy Office in support of the assessment of 
geothermal resources for this plan. 

17. A rock catcher is a strainer designed to capture solid debris 
in the geothermal steam. 

1991 NORTHWEST POWER PLAN-VOLUME II 



GENERATING RESOURCES 

Dry Steam 
Power Plant 

Figure 8-9 
Schematic Diagram 
of a Dry Steam 
Geothermal 
Power Plant 

Single-Flash 
Power Plant 

Figure 8-10 
Schematic Diagram 
of a Single-Flash 
Geothermal 
Power Plant 
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Double-flash plants (see Figure 8-11) are designed 
for hot water reservoirs having temperatures of 150°C 
(300°F) and above. These plants are similar to the single
flash systems, except they incorporate a second-stage sep
arator where the residual fluid from the first-stage 
separator is flashed again at a lower pressure. This second 
stream of lower-pressure steam is directed into either a 
low-pressure stage of a compound turbine or a separate 
low-pressure turbine. Residual liquid from the second
stage separator and the condensate are returned to the 
reservoir using injection wells. Double-flash plants have a 
thermodynamic efficiency of about 40 percent. 

Binary-cycle power plants (see Figure 8-12) are used 
for low-temperature geothermal fluids, generally below 
193°C (380°F). These plants use separate, closed geother
mal fluid and working fluid loops (hence the name 
"binary"). The geothermal fluid loop consists of produc
tion wells equipped with downhole pumps that circulate 
geothermal fluid through heat exchangers. Here heat is 
transferred to a working fluid having a low boiling point, 
such as isobutane or freon. Once the useful heat has been 
extracted, the geothermal fluid is returned to the reservoir 
using an injection well. The vaporized working fluid is 
used to tum the turbine, then is discharged to a condens
er. A feed pump returns the condensed working fluid to 
the heat exchanger. 

Binary plant components often are modular in design 
and lend themselves to factory pre-fabrication. Thus, they 
usually can be installed rapidly at relatively low costs. The 
thermodynamic efficiency of binary plants is lower than 
for other designs, partly because the internal load for 
pumps and auxiliary equipment is higher. For certain geo
thermal resources, however, binary plants may provide the 
most efficient use of the resource in terms of net power 
per unit mass of fluid. Small binary units are suited to 
wellhead tests, to low and moderate temperature geother
mal resources, or to resources or locations where environ
mental factors preclude the use of other technologies. 

Geothermal Development Issues 

The principal issues associated with the development 
of geothermal resources in the Pacific Northwest include 
resource confirmation costs and risks, environmental im
pacts and land-use conflicts. 

Resource Confirmation Costs and Risks 

More than for most other resources, confirming the 
quantity and quality of a geothermal resource is a difficult, 
expensive and risky business. The resource is hidden and 
must be accessed and measured through expensive geolog
ic exploration techniques, including costly thermal-gradi
ent wells and production wells. Extensive exploration 
simply may confirm that a potential resource is not devel
opable. Furthermore, the characteristics of geothermal 
fluids at a new area cannot be inferred easily from experi-
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ence at apparently similar resource areas. Although the 
general potential for producing useful energy at a new 
location can be inferred from experience at areas of simi
lar geology, extensive exploration within the new area is 
required to confirm its potential for geothermal develop
ment. 

Environmental Effects 

The key environmental concerns resulting from geo
thermal development are the release of hydrogen sulfide, 
disposal of geothermal fluid, noise, and impacts on fish 
and wildlife habitat. 

Hydrogen sulfide is a non-condensable gas apparently 
present to some degree in all geothermal fluids. The ma
jor concern regarding hydrogen sulfide is its effect on hu
man health. At low concentrations, hydrogen sulfide has 
an offensive rotten eggs odor. At high concentrations, hy
drogen sulfide has virtually no odor, but it is toxic and can 
cause death quickly by respiratory paralysis. If present, 
some releases may occur during well development and 
testing. Hydrogen sulfide releases are controlled during 
power plant operation by collection and reinjection of 
non-condensable gasses. 

Geothermal fluids may be contaminated naturally 
with toxic materials. Contamination of fresh water aqui
fers and surface water by geothermal effluent must be 
avoided. Disposal must be tailored to the specific geother
mal site. The preferred option for disposal is reinjection of 
geothermal fluids to the reservoir. Reinjection of geother
mal fluids is practiced at contemporary U.S. geothermal 
developments. Reinjection presents the added advantage 
of maintaining reservoir fluid levels. 

Geothermal drilling can cause noise pollution in the 
immediate vicinity of the wells. There is also a great deal 
of noise when wells are vented to the atmosphere during 
development and testing, and when a plant is shut down. 
Control of noise has not received much attention to date, 
and significant improvements probably could be made at 
low cost. 

Most geothermal sites are in relatively isolated loca
tions, some of which may be ecologically sensitive. Explo
ration, drilling, construction and operation may involve 
1,000 to 2,000 acres for a 50--megawatt plant. Though a 
relatively small proportion of this area is physically dis
turbed for construction, wildlife habitat impacts may be 
more widespread because of noise and human presence. 

Secondary pollution of water and land can result from 
deposition of some materials released by geothermal 
plants. Drift deposition of pollutants can cause acidifica
tion of lakes and streams and can introduce toxins such as 
arsenic and boron into water. Geothermal plants may be 
located in arid or semi-arid regions where water used on
site, such as for condenser cooling, may be a scarce and 
valuable resource for fish and wildlife. Water consumption 
may be reduced by use of dry cooling towers. 
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Double
Flash 
Power Plant 

Figure 8-11 
Schematic Diagram 
of a Double-Flash 
Geothermal 
Power Plant 

Binary 
Power Plant 

Figure 8-12 
Schematic Diagram 
of a Binary 
Geothermal 
Power Plant 
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Land Use Conflicts 

Many of the most promising Northwest geothermal 
resource areas are located within or near lands of great 
environmental or aesthetic value. For example, the geo
thermal resources of the Cascade Mountains are related 
to the presence of volcanic activity. Volcanic features, 
however, often are the focus of national parks, monu
ments, wilderness areas or recreational areas. The poten
tial for land use conflict is obvious. Geothermal 
development, an industrial activity, near these sensitive 
areas must be managed to avoid unacceptable land-use 
conflicts. 

Geothermal Potential in the Pacific 
Northwest 

The Pacific Northwest has three geologic provinces 
with the potential to produce significant quantities of use
ful geothermal energy.18 These provinces are the north
ern Basin-and-Range, the Cascade Mountain Range, and 
the Snake River Plain (see Figure 8-13). 'The Oregon
Washington lava plateaus, the Yellowstone region and 
parts of the northern Rocky Mountains also may have 
some geothermal potential. 

The Basin-and-Range province has a general absence 
of volcanic or intrusive heat sources. In this province, 
high-temperature geothermal systems are created by deep 
fluid circulation along faults in areas of high-conductive 
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Figure 8-13 
Structural Provinces 
of the Pacific 
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thermal gradients. Geothermal energy production has 
been demonstrated at Basin-and-Range sites in Nevada 
and Utah. 

The Cascade Range has a long history of volcanism, 
continuing into the present. The most recent volcanic heat 
sources of this province exist along the eastern margin of 
the range and at the major volcanic peaks. Here, relatively 
shallow magmatic bodies are thought to provide heat 
sources for overlying geothermal fluids. Cold water from 
precipitation percolates downward and masks most surface 
manifestations of the Cascades resources. 

By prevailing theory, no active magmatic heat source 
is believed to remain beneath the Snake River Plain itself; 
thermal features located here are believed to remain from 
past magmatic influence, which is now manifest to the east 
at Yellowstone National Park. But drilling records show 
that residual moderate temperature resources greater 
than 150°C (300°F) are widespread, although none greater 
than 205°C (400°F) (GeothermEx, Inc., 1987). 

18. A geologic province is an extensive region of similar geolog
ic structure and history, within which there may be one or more 
geothermal fields. Different geothermal fields within a single 
province may share similar physical and chemical characteris
tics. This is because the primary reason for their existence (vol
canism or deep faults) is similar. 
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Promising Geothermal Resource Areas 
of the Northwest 

The period from 1981 to present has been marked by 
sporadic efforts to model geology and discover reservoirs 
at the most promising Northwest sites. Northwest achieve
ments during this period include issuing leases on federal 
lands, discovery of fluid temperatures of 265°C (510°F) at 
940 meters (3,057 feet) at Newberry Volcano, Oregon, in a 
U.S. Geological Survey test hole, and discovery of fluids 
well in excess of 205°C ( 400°F) in several privately drilled 
holes at Medicine Lake, California. These sites are poten
tially attractive for power generation by flash-steam tech
nology. There are no estimates of field reserves. 

Other geothermal events of note during the 1980s, as 
compiled by GeothermEx, Inc. (1987) and others, include: 

• Upward re-evaluation of probable reservoir tempera
ture (at an unknown depth) at Klamath Falls, Oregon 
to 195°C (383°F) or higher. 

• Promising temperature and fluid findings in private 
drillholes at the Alvord Desert, Oregon. 

• Abandonment of federal R&D power generation ef
forts at Raft River, Idaho, in 1982 after only a few 
months of generation tests at about half the rated 5 
megawatt capacity. Electricity production from geo
thermal fluids at temperatures under 150°C (300°F) 
was demonstrated, but commercial feasibility could 
not be established. 

• Abandonment of efforts to generate power from geo
thermal resources at Lakeview, Oregon, without hav
ing demonstrated the commercial feasibility of the 
reservoir. This project suffered from fluid production 
problems, inadequate disposal mechanism and lack of 
a long-term power sales agreement. 

• Progressively reduced levels of activity at exploration 
sites in Nevada, Oregon, Idaho and Montana in re
sponse to falling energy prices, shrinking markets for 
electricity, limited transmission line capacity, cessation 
of geothermal energy tax credits, and other changes in 
tax law. 

• Major public involvement and education efforts in 
central Oregon. These resulted in increased aware
ness of the geothermal potential of central Oregon 
and initiatives for additional protection of Newberry 
Volcano and related features. The Caldera and nearby 
features including the Lava Cast Forest, the North
west Rift Zone and Lava Butte has subsequently been 
designated as the Newberry National Volcanic Monu
ment (P.L. 101-522). The Forest Service estimates that 
this designation will preclude the development of 
about 65 percent of the estimated geothermal poten
tial of the Newberry Caldera Known Geothermal Re
source Area (KGRA). 

1991 NORTHWEST POWER PLAN-VOLUME II 

CHAPTERS 

Diagonal drilling will be allowed under a special area 
adjacent to the monument, but no surface geothermal 
facilities will be allowed, and leases will not be let for 
any resource directly under the monument. The sur
face of the special management area will be subject to 
the same regulations as the monument. Earlier re
strictions on geothermal development at Newberry 
include: 1) designation by the 1975 Oregon Legisla
ture of the caldera and some adjacent areas as unsuit
able for the siting of geothermal power plants of 25 
megawatts or greater (House Joint Resolution 31, 
1975 regular session); 2) declaration by the state Ener
gy Facility Siting Council in 1975, modified in 1985, of 
the caldera and adjacent areas, generally consisting of 
the outer slopes of the caldera above 7,000 feet eleva
tion, as "unsuitable for geothermal development;" 
and 3) prohibition, in the Final Land and Resource 
Management Plan of the Deschutes National Forest, 
adopted October 1990, of leasing of federal geother
mal lands within the hydrologic boundary of the cal
dera (Collins, 1990). 

• Concerns for protecting the thermal features within 
the national park system and opposition to drilling and 
development in the vicinity of Crater Lake National 
Park resulted in federal legislation to protect signifi
cant thermal features in National Parks and Monu
ments (P.L. 100-443). The passage of this legislation 
resulted in suspension of geothermal exploratory op
erations near Crater Lake National Park. The Nation
al Park Service funded scientific studies of possible 
thermal features at Crater Lake National Park. These 
raised media and public concern and new uncertain
ties about future geothermal development near Cra
ter Lake and other sensitive areas. 

• Three U.S. Department of Energy co-funded gradient 
holes at Newberry Volcano and near Mt. Jefferson, 
Oregon, reached below 4,000 feet, but data placed in 
public records failed to reveal significant temperatures 
or permeability. A private temperature gradient hole 
near Breitenbush Hot Springs, Oregon, reached 2,460 
meters (8,000 feet) with a 135°C (275°F) aquifer at 
760 meters (2,470 feet) and a maximum temperature 
of about 170°C (340°F). This hole has been plugged 
and abandoned. 

• Discovery of 265°C (545°F) near 3,000 meters (10,000 
feet) depth at Meager Creek, British Columbia, near 
Mt. Garibaldi, provided an important data point in the 
northern-most part of the Cascade Range and con
firms the potential for high temperature discoveries 
throughout the Cascades. 

Over three dozen areas have been drilled to signifi
cant temperatures or retained by industry with expressions 
of interest to proceed, subject to availability of a power 
sales market. 
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These activities prompt the following generalized ob
servations on geothermal resources of the Pacific North
west: 

• Nowhere in the Pacific Northwest region has a high
temperature commercially-developable geothermal 
resource been confirmed to date. The only confirmed 
resource area (Raft River, Idaho) has perhaps 5 to 10 
megawatts of proven reserves. 

• Despite limited knowledge of the Cascade Range, the 
commercial generation potential is believed to be larg
er than that of the Basin-and-Range province, based 
on the Cascades' young volcanic history and spatial 
extent. 

• A large geothermal resource may exist beneath the 
eastern end of the Snake River Plain; however, almost 
nothing is known about it. Development access and 
future exploration is barred by federal legislation due 
to the proximity of Yellowstone National Park. 

• Exploration is much further advanced, and has been 
significantly more successful, in the Basin-and-Range 
province than elsewhere in the Pacific Northwest re
gion. Exploration technology is less well developed for 
use in the other provinces. 

• The best-understood geothermal field of the Cascade 
Range province is outside the Pacific Northwest re
gion, as defined by the Columbia River Basin and ad
jacent areas served by the Bonneville Power 
Administration. This is the Meager Creek area in 
British Columbia. A similar situation exists with re
spect to the Basin-and-Range province. Confirmed or 
currently developed Basin-and-Range sites include 
Medicine Lake, California, and Beowawe, Nevada, 
both located about 20 miles outside Bonneville's ser
vice boundaries, as well as several other sites in Ne
vada and in Utah. 

Nothing to date indicates that any of the Northwest 
resources will have unusual or troublesome geochem
istry, or will present unusually difficult resource-re
lated operating conditions. Access and climate may 
present challenges. 

• Environmental and land-use constraints on explora
tion and development are expected to be most severe 
in the Cascade Range and on parts of the eastern 
Snake River Plain. There are fewer constraints on 
development in the Basin-and-Range province. Ac
cess to geothermal areas probably will be more diffi
cult in the Cascade region than elsewhere in the 
Pacific Northwest because of topography, climate, na
tional wilderness area and national park designations, 
and possibly because of other land-use restrictions. 

• Because of better-developed exploration technology, 
the results of exploration to date, considerations of 
land use and access, and, despite a probably smaller 
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resource base, confirmation and commercial develop
ment is expected to proceed more rapidly in the Ba
sin-and-Range province than elsewhere in the region. 
However, the remoteness of most of the Basin-and
Range province makes transmission access and inter
connection costs critical aspects of confirmation 
activities. 

In 1983, Bonneville contracted for a detailed regional 
geothermal assessment to consolidate and evaluate all 
geologic, environmental, and legal and institutional infor
mation and to apply a uniform methodology to the evalua
tion and ranking of potential geothermal sites within the 
Bonneville service territory. This "Four-State Study" 
(Bloomquist, et. al., 1985), identified a total of 1,265 po
tential geothermal resource sites. All sites were screened 
to eliminate those that had little or no chance of develop
ment because of inadequacies of resource temperature, 
legal prohibitions against development, or prohibitive eco
nomic conditions. Of the original 1,265 sites, 99 were se
lected for detailed analysis of electrical generation 
potential and 150 more were studied for direct use appli
cations. 

A methodology to rank the sites by energy potential, 
degree of developability and cost of energy was used to 
compare sites relative to each other and to indicate which 
sites possessed superior, average or inferior development 
potential and to identify areas requiring work. The best of 
these sites were used by the Northwest Power Planning 
Council in its 1986 Power Plan to forecast the supply of 
geothermal energy that could be available to the region 
over a 20-year planning horizon. The most promising sites 
have continued to receive industry attention, and their 
selection remains generally valid to date. 

Table 8-15 describes the most promising Northwest 
geothermal sites and their estimated potential capacity 
and energy. The maximum amount of energy available 
from any one site is assumed to be 500 megawatts. Pub
lished estimates for some of these sites greatly exceed 500 
megawatts, but, in general, more and better data yield 
smaller and more reliable estimates. Limiting the esti
mated energy available from any site to a maximum of 500 
megawatts is believed to produce a more realistic estimate 
of regional geothermal potential. 

The locations of the sites listed in Table 8-15 are 
shown on Figure 8-14. Note that Figure 8-14 shows all 
major geothermal resource areas in the Northwest. Devel
opment at several of the areas shown would be restricted 
or prohibited because of land-use or environmental con
flicts. 

In addition to the areas listed in Table 8-15, 30 addi
tional locations were identified in the "Four-State Study" 
as having "good" or "average" development potential for 
more than 1 megawatt of capacity. The identification of 
these sites as promising remains valid, although they lack 
recently expressed interest by industry. Together, these 30 
additional sites are estimated to have 163 megawatts of 
potential capacity and 130 average megawatts of energy. 
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Table 8-15 
Promising Northwest Geothermal Resource Areas 

Potential Capacity Potential Energy 
Resource Potential/ Area Geologic Province Data Quality (MW) (MWa) 

High Potential for High Enthalpy Fluids 

• Newberry Volcano, Oregona Cascades High 311b 250+ 

• Alvord Desert, Oregon Basin-and-Range Medium 118 95 

• Medicine Lake, California Cascades High NIA NIA 

High Potential for Medium Enthalpy Fluids 

• Surprise Valley, California Basin-and-Range High 25 20 

• Vale, Oregon Basin-and-Range Medium 163 130 

• Crane Creek, Idahoa Basin-and-Range Medium 224 179 

Moderate Potential for High Enthalpy Fluids 

• Crater Lake, Oregon Cascades Medium 500 400 

• Cappy-Burn Butte, Oregona Cascades Low 473 378 

• Glass Buttes, Oregona Cascades Low 348 278 

• Wart Peak Caldera, Oregona Cascades Low 145 116 

• Melvin Butte, Oregona Cascades Low 500 400 

• Bearwallow Butte, Oregona Cascades Low 500 400 

• Mt. Baker, Washington Cascades Low 500 400 

• Mt. Adams, Washington Cascades Low 500 400 

Moderate Potential for Medium Enthalpy Fluids 

• Klamath Falls, Oregona Basin-and-Range High 200 160 

• Klamath Hills Area, Oregona Basin-and-Range Medium 300 240 

• Lakeview, Oregon Basin-and-Range Medium 10 8 

• Crump Hot Springs, Oregon Basin-and-Range Medium 79 63 

• Raft River, Idahoa Basin-and-Range High 15 12 

• Big Creek, Idahoa Basin-and-Range Medium 29 23 

a Top sites from 1985 Four-State Study noted in 1986 Power Plan. 

b Reduced 80 percent from 1986 Power Plan, due to land-use restrictions. 

SOURCE: Four-State Geothermal Study and GeothermEx, Inc. 
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Geothermal Power Plant Cost and 
Operating Characteristics 

The estimated costs of electricity generation used in 
the Four-State Study were based on estimates by Bechtel 
National, Inc., using data from 32 plants designed or built 
prior to 1984. But major advances in plant design and 
costs from 1985 through 1989 have been documented in 
case studies by the Bonneville Power Administration, the 
Washington State Energy Office and the Oregon Depart
ment of Energy (Bloomquist, et. al., 1987, 1989). The find
ings of these more recent studies were used to update cost 
estimates for this plan. 

The Northwest may anticipate first generation plants 
of 10 to 20 megawatts gross capacity producing 8 to 17 net 
megawatts of energy. These would occupy small (five
acre) sites, have minimal road access and possess high effi
ciency and reliability. Design standards likely would be 
modest as these pilot plants would be superseded by lar
ger-scale plants if commercial development of the reser
voir proved successful. Once reservoir capability and 
technical and economic viability are established, a quick 
jump likely will be made to larger plants. These can be 
built almost as fast, require less capital investment per 
kilowatt and have greater reliability. These will be com
mercial units ranging from 30 to 80 megawatts capacity. 
Their capital costs may vary from minus-20 to plus-10 per
cent of pilot plant costs. 

Table 8-16 portrays the low boundary and mid-range 
of 1989 industry capital costs. Note that Table 8-16 in
cludes low boundary and mid-range costs for both flash 
and binary plant configurations. ''As-built" costs cited in 
interviews and literature include interest during construc
tion but seldom reflect financing fees or owners' costs oth
er than interest. These may be $150 to $200 per kilowatt. 
Wellfield development costs on deep reservoirs average 
about 35 percent of plant costs. At $550 to $650 per kilo
watt, $10 to $12 million would provide four or five produc
tion and two injection wells as well as piping and other 
surface equipment needed to serve a 20-megawatt plant. 
Total direct and indirect costs for a project (plant, financ
ing, general and administrative, capitalized fuel supply and 
interconnection) could run from $2,200 to $3,000 per net 
kilowatt. A 20-megawatt pilot plant, therefore, represents 
a $38 to $50 million capital commitment. 

Siting, permitting and financing will take 14 to 24 
months ( concurrent with early production drilling and 
testing), with a construction schedule of 16 to 36 months 
to follow. Total lead time ranges are 36 to 60 months, with 
42 months a realistic goal. Using the information de
scribed above, costs and performance assumptions were 
compiled for two representative Northwest geothermal 
power plants. These are shown in Table 8--17. 
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Reference Energy Cost Estimates 

Reference energy costs were calculated for typical 
Basin-and-Range and Cascades geothermal power plants. 
The average costs of the representative binary and flash 
plants (see Tuble 8-17) were chosen as representative of 
Basin-and-Range development. Representative flash 
plant characteristics were considered as representative of 
development in the Cascades. 

The reference energy costs for representative Basin 
and Range and Cascades plants are shown in Table 8-18. 
These costs are calculated using the financial and service 
date assumptions described in the introduction to this 
chapter. The plants are assumed not to be dispatchable, 
hence the capacity factor is equal to the plant availability 
factor of 90 percent. 

Because of the strong influence of site-specific condi
tions on the cost of power from a geothermal resource, 
actual energy costs from Northwest geothermal resources 
likely will vary considerably from site to site. Power plant 
and wellfield costs will vary according to fluid tempera
tures (and related thermal efficiencies) fluid chemistry, 
reservoir depth and the conversion technology used. 
Shown in Table 8-19 is a possible distribution of capital 
costs versus resource quantity for Northwest geothermal 
development. These estimates can be refined only by fur
ther exploration and preliminary engineering at specific 
sites. 

19. Expressed in 1990 dollars. 
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Table 8-16 
Geothennal Plant Cost Components-Low and Mid-Range (1990 Dollars) 

Low Case Mid-Range Case 

Siting and Licensing Costs ($/kW, net) 

• Land Options Federal lease Federal lease 

• Easements and Right-of-Way Acquisition Federal lease Federal lease 

• Owners' Costs During Siting and Licensing $40 $40 

• Geotechnical Surveys $10 $10 

• Environmental Impact Statement $15 $15 

Financing Costs ($/kW, net) $80 $100 

Construction Costs ($/kW, net)a,b 

• Land Acquisition Federal lease Federal lease 

• Site Utilities and Services $25 $25 

• Construction: 

• Materials $625 $725 

• Labor $600 $700 

• Engineering and Management $140 $200 

• Pre-production (Start Up) $25 $30 

• Contingency Allowance C C 

• Owners' Costs During Construction $90 $100 

• Switchyard $10 $10 

• Transmission Interconnect to the Gridd $40 $70 

• Spare Parts Inventory $20 $30 

• Royalties Federal lease Federal lease 

Fluid Costsa 

• If Wellfield Capitalized: 

• Wellfield Capital ($/kW, net) $550 $640 

• Wellfield O&M ($/kW/yr.) $19.25 $22.40 

• Commodity Costs, if Purchased (mills/kWh)e 20.0 26.0 

Operating and Maintenance Costs 

• Fixed O&M costs ($/kW/yr.)f,a $45 $53 

• Variable O&M costs (mills/kWh)g 3 3 

• Consumables ($/kW /yr.? $10 $10 

• Post-operational Capital Costsa h h 

Decommissioning Cost ($/kW)h $80i $80i 

a Values shown are for flash plants; 20 percent greater for binary. 
b "Overnight" construction costs, exclusive of interest. 
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Table 8-16 (cont.) 
Geothermal Plant Cost Components-Low and Mid-Range (1990 Dollars) 

Contingency allowance, 6 percent of capital cost, is included in capital accounts. 

c1 Grid interconnection costs arc representative. assuming $110.000 per mile for a 115-kilovolt line serving 150 megawatts of 
capacity. 

e Low case: $1.25 per 1,000 pounds of steam at 16 pounds per kilowatt-hour. Mid-range case: $1.45 per 1,000 pounds of steam at 18 
pounds per kilowatt-hour. 

h 

At 3.5 percent of capital costs. per year. 

Values shown are for flash plants; acid 3 mills for binary. 

Wellfielcl replacement costs-$2 million every 5 years. 

Costs to plug and restore. 

Table 8-17 
Cost and Pe,formance Characteristics of Representative Stand-Alone Geothermal Power Plants (1990 Dollars) 

25-Megawatt SO-Megawatt 
Binary Plant and Wellfield Flashed Steam Plant and Wellfield 

Rated Capacity (MW) 25 50 

Peak Capacity (MW) 25 50 

Equivalent Availability(%) 90% 90% 

Heat Rate (Btu/kWh) 9,280 9,280 

Siting and Licensing Cost ($/kW) $65 $65 

Option Hold Cost ($/kW/yr.) $13 $13 

Construction Cost ($/kW/hr.? $2,941 $2,464 

Fixed OMR&D Cost ($/kW /hr.)b $128 $104 

Variable O&M Cost (mills/kWh) 8.0 5.0 

Siting and Licensing Lead Time (months) 24 24 

Construction Lead Time (months)C 24 36 

Operating Life (years) 30 30 

a ''Overnight" costs (excludes interest dming construction). 

b Includes operation, maintenance, post-operational capital replacement and decommissioning costs. 

C Includes engineering, procurement and construction 

Table 8-18 
Reference Energy Costs for Representative Geothermal Power Plants (1990 Dollars) 

Real (cents/kWh) Nominal (cents/kWh) 

25-Megawatt Basin-and-Range Plant 5.3 10.4 

SO-Megawatt Cascades Plant 4.8 9.5 
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Table 8-19 
Possible Cost Distribution: Northwest Geothennal Development (1990 Dollars) 

Capital Cost Fixed O&M Cost Variable O&M Cost Estimated Regional Potential 
Plant Characteristics ($/MW) ($/kW/year) (mills/kWh) (MWa) 

< 15-MW Plant < $1,600 
Shallow Wells, Good Access 

< 15-MW Plant $1,600 
Deep Wells, Good Access 

< 15 to 50-MW Plant $1,800 
Shallow Wells, Good Access 

< 15 to 50-MW Plant $2,000 
Shallow Wells, Remote 

15 to 50-MW Plant $2,200 
Deep Wells, Good Access 

15 to 50-MW Plant $2,400 
Deep Wells, Remote 

> 50-MW Plant $2,600 
Deep Wells, Good Access 

> 50-MW Plant $2,800 
Deep Wells, Remote 

Availability of Northwest Geothermal 
Resources for Development 

Basin-and-Range Resources 

In the Northwest, electric power generation from Ba
sin-and-Range geothermal resources has been demon
strated only at the Raft River site in southern Idaho. But 
to the south, in Nevada, several commercial geothermal 
power plants are operating from Basin-and-Range geo
thermal resources. The combined capacity of these plants 
is several tens of megawatts, and additional proven re
sources await a market. 

Several promising Basin-and-Range sites have been 
identified within the Northwest (see Tuble 8-15). One site 
(Alvord Desert, Oregon) shows high potential for high
temperature fluids. Three others, Surprise Valley, Califor
nia (within Bonneville's service territory), Vale, Oregon 
and Crane Creek, Idaho, show high potential for medium
temperature fluids. Basin-and-Range resources totaling 
424 megawatts of energy are identified in Table 8-15 as 
having high technical potential for development. Basin
and-Range sites producing an additional 506 megawatts of 
energy are described as having a moderate potential for 
development. Given the high potential for commercially 
developable geothermal resources at several sites, and the 
successful development of similar sites in Nevada, the 
Council is reasonably confident that some Basin-and
Range resources can be successfully developed in the 
Northwest. But with the limited information currently 
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available, only crude estimates of achievable potential can 
be made at this time. Combining the full amount of "high 
potential" Basin-and-Range resource with 50 percent of 
the "moderate potential" resource (to allow for its lower 
probability) gives a possible Basin-and-Range technical 
potential of 677 megawatts. But, land-use conflicts and 
environmental concerns will limit the extent to which this 
resource can be developed. Assuming that development of 
about half the Basin-and-Range technical potential is pre
cluded because of land-use and environmental concerns, 
the achievable Basin-and-Range potential is estimated to 
be about 350 megawatts. 

Cascades Resources 

The Cascades geologic province extends from North
ern California to southern British Columbia. Magma bo
dies of volcanic origin located along the eastern margin of 
the range and underlying the major volcanic peaks are 
believed to offer potentially developable geothermal re
sources. Unlike the Basin-and-Range province, electricity 
generation using a Cascades geothermal resource has not 
been demonstrated. Medium and high temperatures have 
been measured at feasible depths at several sites, and at 
least one flow test has been completed. But without tem
perature and flow tests of production-scale wells, and 
demonstrated generation of electric power, it is difficult to 
argue that the reliability and availability of electricity from 
Cascades geothermal sources is equivalent to the reliabil
ity and availability of power from other resources included 
in the portfolio. The Council is excluding Cascades geo-
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thermal resource from its resource portfolio until the fea
sibility of generating electrical power from Cascades 
geothermal resources is confirmed. 

Geothermal Planning Assumptions 

The 350 megawatts of geothermal resources further 
considered for the portfolio of the plan subsequently were 
modeled as a single resource block. Characteristics of this 
block are summarized in Table 8-20. Also shown in Table 
8-20 are the planning assumptions for additional commer-
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cially developed Cascades geothermal resource that might 
be proven through development of the demonstration 
projects. This "Cascades Commercial" resource block was 
used in portfolio sensitivity analyses. 

The capital and operating costs shown in Table 8-20 
for the Basin-and-Range block were arrived at by averag
ing the characteristics of mid-range case binary and flash 
plants as described earlier. 

Costs used for the "Cascades Commercial" block 
were based on the flash steam plant costs of Tuble 8-17. 

Table 8-20 
Geothennal Planning Assumptions (1990 Dollars) 

Basin-and-Range Cascades Commercial 

Total Capacity (MW) 390 1,111 

Total Average Energy (MWa) 350 1,000 

Total Firm Energy (MWa) 350 1,000 

Unit (typical plant) Capacity (MW) 25 50 

Seasonality Negligible Negligible 

Dispatchability Must-run Must-run 

Siting and Licensing Lead Time (months) 24 24 

Probability of Siting and Licensing Success (%) 75% 75% 

Siting and Licensing Shelf Life (years) 5 5 

Probability of Hold Success(%) 90% 90% 

Construction Lead Time (months) 24 36 

Construction Cash Flow (%/yr.) 50150 25150/25 

Siting and Licensing Cost ($/kW) $65 $65 

Siting and Licensing Hold Cost ($/kW/yr.) $13 $13 

Construction Cost ($/kW? $2,702 $2,464 

Fixed OMR&D Cost ($/kW /yr.)b $116 $104 

Variable O&M Cost (mills/kWh) 6.5 5.0 

Earliest Service 1994 1998 

Peak Development Rate (units/yr.) 4 4 

Service Life (years) 30 30 

Real Escalation Rates (%/yr.) 

• Capital Costs 0% 0% 

• Fuel Costs 0% 0% 

• O&M Costs 0% 0% 

a "Overnight" cost, excludes interest during construction. 
b Includes operation. maintenance, post-operational capital replacement and decommissioning costs. 
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Conclusions 

The geothermal energy resources of the Pacific 
Northwest may have the potential to produce several 
thousand megawatts of electrical energy at costs less than 
or competitive with electrical energy from new coal-fired 
power plants. Although geothermal resources have not 
been commercially developed in the Pacific Northwest, 
certain geothermal resource areas within the Basin-and
Range geological province of eastern Oregon and south
ern Idaho appear to be sufficiently well-understood to 
consider 350 megawatts of energy from Basin-and-Range 
resources available for development if needed, during the 
20-year planning period. 

But the majority of Pacific Northwest geothermal re
sources, comprising perhaps several thousand megawatts 
of electrical energy potential, are thought to underlie the 
Cascades Range. These resources are not yet well enough 
understood to consider them available for the resource 
portfolio. This plan recommends that an effort be under
taken to confirm the feasibility of generating electricity 
from these resources. 

With proper management of geothermal fields, geo
thermal resources are likely to be sustainable. Regulatory 
provisions for "unitized" management of geothermal re
sources are in place throughout the region with the excep
tion of Washington. This plan recommends that final 
regulations providing for unitized management of geother
mal resources be adopted in Washington. 

Contemporary geothermal power plants are highly 
reliable and can produce base-load power at availabilities 
exceeding 90 percent. Electric energy from commercial
scale plants at better Northwest sites are estimated to cost 
about 9.5 to 10.5 cents per kilowatt-hour, well within the 
competitive range for new generating resources. Develop
ment can be undertaken in increments of 30 to 50 mega
watts allowing supply to be well-coordinated with need. 
Lead times (24 months for financing, siting and licensing, 
24 to 36 months for construction) are among the shortest 
for generating resources. 

It is likely that airborne effluents, solid waste produc
tion and water-borne pollutants potentially resulting from 
geothermal generation can be controlled to acceptable 
levels. However, emission control technologies and other 
environmental mitigation measures need to be demon
strated for geothermal power production using regional 
resources. This can be achieved by the development of 
demonstration geothermal projects. 

An additional and possibly more significant constraint 
in both the Cascade and Basin-and-Range provinces is 
the proximity of promising geothermal resource areas to 
pristine and sensitive lands of local, state and national 
significance. With certainty, there will be geothermal re
sources that must remain undeveloped because of this 
potential for conflict. To direct geothermal development 
to areas of lesser sensitivity to better understand environ
mental mitigation requirements and to reduce the lead 
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time required to license geothermal projects, this plan 
recommends that baseline environmental data collection 
be undertaken at promising geothermal resource areas 
and that a process begin to identify and to resolve poten
tial constraints to the development of the region's most 
promising geothermal resource areas. 

The Council's recommendations for geothermal re
source actions are further discussed in Volume II, 
Chapter 1. 
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Hydroelectric Power 

The streams and rivers of the Pacific Northwest have 
provided abundant opportunities for generation of electric 
power by harnessing the energy of falling water. About 
29,800 megawatts of hydropower capacity have been devel
oped in the Pacific Northwest, principally on the Columbia 
River system. This represents about 74 percent of the re
gion's electrical generating capacity. This capacity, on av
erage, provides about 16,400 megawatts of energy, 12,300 
megawatts of which are considered firm energy (see Vol
ume II, Chapter 4). On average, the region relies on hy
dropower for about two-thirds of its electricity. 

The theoretical potential from new hydropower proj
ects in the Pacific Northwest has been estimated to be 
about 39,000 megawatts of capacity and 25,000 megawatts 
of energy (Synergic Resources Corporation, 1981). But 
there are significant environmental, economic and institu
tional constraints to the development of most of this po
tential. As described below, the Council estimates that 
about 1,060 megawatts of new hydropower capacity can 
likely be developed at costs less than 13.4 cents per 
kilowatt-hour. This capacity could produce about 510 me
gawatts of energy on average, 410 megawatts of which 
would be firm. Most of this power would come from 
small-scale projects and incremental additions to existing 
large and small projects. Hydropower generating projects 
that likely can be developed include irrigation, flood con
trol and other non-power water projects that could be 
retrofitted with generation equipment; addition of gener
ating equipment to existing hydropower projects; and 
some undeveloped sites .. 

Hydropower Technology 

Hydropower plants extract energy from falling water. 
This requires vertical drop ("operating head") and water 
flow. Water from a higher level is delivered to a turbine, 
where the energy of the flowing water is converted into 
mechanical energy as the turbine rotates. Electricity is 
then generated by connecting the turbine to an electrical 
generator. Hydropower projects take many forms. Types of 
hydropower projects include instream projects, diversions, 
and canal or conduit projects. 

For instream projects, operating head is created by a 
dam, which backs water up the stream channel. Some
times the dam may impound sufficient water to permit 
daily or seasonal regulation of streamflow so power can be 
generated as needed, regardless of the amount of water 
flowing down the river. These are called storage projects. 
Projects without such reservoir storage ("run-of-river" 
projects) generate power as streamflows permit. 

In a diversion project, water is diverted from the 
stream by a diversion structure (generally a low dam or 
weir) and conveyed to a downstream powerhouse by a ca
nal or conduit. The distance between the diversion struc
ture and the powerhouse may be very short, as in a 
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diversion around a natural waterfall, or may be many 
miles. The operating head is determined by the difference 
in elevation between the diversion structure and the pow
erhouse. Sometimes the diversion structure is a high dam 
that may provide additional operating head or water stor
age. 

A canal or conduit hydropower project uses operating 
head created by water conveyance structures installed pri
marily for non-power purposes, such as irrigation canals 
and municipal water supply conduits. 

Hydropower Development Issues 

Hydropower is a renewable energy resource, and its 
development and operation are relatively free from toxic 
emissions and solid waste problems. Although the capital 
costs of hydropower projects are often high, these costs 
make up the majority of hydro energy costs and so, once 
invested, reduce uncertainties regarding the future costs 
of energy from a project. Because hydropower equipment 
operates under relatively benign ambient conditions, the 
lifetime of hydropower developments is generally longer 
than for other energy generating facilities. 

As with any generating resource, there are potential 
problems associated with hydropower. As mentioned 
above, capital costs are often quite high. Siting, licensing 
and design are typically complex and frequently require a 
long lead time. Hydropower sites often are remote from 
load centers and may require long transmission lines. 
Transmission and road access costs can render small re
mote projects economically infeasible. Because stream
flows are affected by annual weather conditions, a portion 
of the average output of most hydropower projects is non
firm energy, that is, energy that cannot be counted on with 
certainty to meet customers' demand. But unlike such 
renewables as wind or solar power, hydropower is rarely 
intermittent on a daily basis. Some projects may generate 
most of their energy in the spring-a time when the value 
of their energy is generally low due to large flows in the 
Columbia River system. Conversely, winter-peaking proj
ects may have extra value because of the increased de
mand for power at that time. 

During construction and throughout the operating life 
of hydroelectric projects, varying environmental effects 
can be expected, based primarily on location of the proj
ect, type of project and mode of operation. Of these three 
determinants of environmental impacts, the location of 
the project is most significant. The principal environmen
tal concerns regarding hydroelectric development in the 
Pacific Northwest are: 

• water quality impacts, 
• hydrology impacts, 
• erosion and sedimentation, 
• land use impacts, 
• dust and noise during construction, and 
• fish and wildlife impacts. 
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Although the environmental issues that may be raised 
for any one project depend heavily on the site characteris
tics of the project, projects that involve an existing dam 
generally or other water control structure will experience 
incrementally less environmental impact than projects 
requiring new dam construction. The same is true for run
of-river projects versus storage projects. 

Water Quality Impacts 

Chemical, biological or thermal impacts on water 
quality may result from the construction and operation of 
hydroelectric projects. These impacts may be experienced 
downstream of the project or in the backwater caused by 
the project. Water quality changes, although not always 
adverse, are of concern because of effects on the aquatic 
environment and on the beneficial uses of water. 

For hydroelectric development, the primary water 
quality concerns are thermal changes, nitrogen supersatu
ration, turbidity and oxygen depletion. 

Thermal Changes 

Changes in the thermal characteristics of downstream 
flow are most likely to result from operation of large stor
age projects with deep, poorly mixed reservoirs. Thermal 
changes can have a pronounced impact on the resident 
fishery as well as on the anadromous fishery. Many species 
are intolerant to very wide fluctuations in stream tempera
ture. Multiport intake structures, which mix the water 
from several different reservoir layers, can be included in 
the design of storage projects. In this manner, stream tem
perature can be better held within required tolerances for 
fisheries. 

Nitrogen Supersaturation 

Nitrogen supersaturation is a serious water quality 
problem below many of the dams on the Columbia and 
lower Snake rivers. Air entrained in spill over the dams is 
carried to depths in the plunge pools below the dams, 
where hydrostatic pressure causes the nitrogen to dissolve 
above normal saturation levels. The increased nitrogen 
concentrations can cause lethal respiratory effects in fish. 

Turbidity 

Large quantities of suspended material can enter wa
terways as a result of disturbance of the natural terrain 
during construction. Not only are the visual effects of high 
turbidity displeasing, but significant turbidity also may im
pair development of nutrient-assimilating plant life on the 
bottom of streams and reservoirs. 

Oxygen Depletion 

Although most dissolved oxygen problems are caused 
by improperly or inadequately treated sewage discharged 
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into the water course, impoundments also can have a sig
nificant impact on dissolved oxygen concentrations. Salmo
nid fish require dissolved oxygen concentrations in excess 
of five milligrams per liter for migration and higher levels 
for spawning and rearing. Intense algal blooms can cause 
extreme diurnal fluctuations in dissolved oxygen concen
trations in impoundments, thus causing stress on the fish
ery. 

Hydrology Impacts 

Possible changes in the hydrologic regime resulting 
from hydroelectric development include converting a por
tion of a free-flowing stream into backwater, diverting 
water from its natural course and altering the natural 
groundwater recharge pattern. These changes in hydrology 
are environmental impacts in themselves, but they also 
create secondary environmental impacts that may be of 
greater significance. For example, a reservoir is not neces
sarily cause for environmental concern. However, the 
presence of the reservoir may cause deleterious impacts 
on fish and wildlife and water quality. Changes in hydrolo
gy are the causal agents for many interrelated environ
mental effects. 

Erosion and Sedimentation 

Erosion and sedimentation problems may occur dur
ing construction of hydroelectric projects and continue 
long after the project is retired. Naturally free-flowing 
water has a certain sediment-carrying capacity, which nor
mally is in near-term dynamic equilibrium with hydrologic 
and geologic processes. A change in the hydrology (i.e., 
temporal distribution of stream flows) or a change in the 
sediment load will upset this equilibrium, resulting in in
creased channel scour or sediment deposition. 

Hydroelectric developments, depending on design and 
scale, tend to affect erosion and sedimentation patterns in 
different ways. In general, sediment will settle in a reser
voir because of the reduction in flow velocities. As a re
sult, increased sedimentation occurs in the backwater 
formed by the reservoir. Mudflats and bars may develop 
and reservoir storage capacity is lost. Consequently, the 
water released from the reservoir has a reduced sediment 
load. Because the released water can carry a greater sedi
ment load, channel scour may occur downstream of the 
dam. Channel scour may have a significant impact on 
aquatic biota and channel stability. 

Land Use 

The amount of land required for a hydroelectric proj
ect depends on the type and size of the development. For 
large storage projects, a tremendous amount of acreage 
may be required. For instance, the area of the reservoir 
established by Grand Coulee Dam exceeds 80,000 acres 
(125 square miles) at normal reservoir elevation. In con-
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trast, the amount of land required for the installation of a 
new micro-scale, run-of-river plant may be less than an 
acre. The amount of acreage required for additions to ex
isting structures is generally small, including areas for the 
storage of equipment and construction materials during 
construction. 

Dust and Noise During Construction 

Construction activities, particularly earth moving in 
arid regions, may cause significant blowing of dust in and 
around the immediate project area. Dust-related prob
lems are primarily limited to the period during which con
struction takes place and can usually be controlled by 
watering exposed or disturbed areas. 

Like dust problems, noise pollution will occur during 
construction, due to the operation of heavy construction 
equipment. During operation, hydroelectric plants are 
relatively quiet. 

Fish and Wildlife Impacts 

Many hydroelectric dams in the Pacific Northwest 
present migration barriers to the passage of upstream 
(adult) and downstream (juvenile) anadromous fish. Juve
nile downstream migrants are lost at each dam by passage 
through the turbines, by exposure to water supersaturated 
with air, by delay in time of migration and by increased 
predation. Adult migrants face migration delays, loss of 
energy reserves, physical injury and disease exposure at 
each dam when traversing fishways. 

The filling of an impoundment behind a hydroelectric 
dam inundates large areas of land and transforms a free
flowing river into a lake-like environment. The result is a 
transition of habitat, a change in composition of terrestrial 
and aquatic biota at the site and a change in usage by man. 
Changes resulting from habitat transition may be benefi
cial or detrimental for wildlife. Spawning and rearing ar
eas used by salmonid fishes (salmon, seagoing trout) in 
free-flowing rivers can be destroyed by water impound
ment, resulting in reduction or loss of a valued resource. 

Operation of hydroelectric facilities to meet peak en
ergy demands causes fluctuations of water level in both 
the impoundment and the stream below. Fluctuating wa
ter levels may preclude development of shoreline vegeta
tion, reduce shoreline use by riparian species of wildlife, 
and lower reproductive success of fish species that spawn 
near the impoundment margin. Fluctuations in rivers be
low dams strand immature fish on shorelines or in shal
lows and may expose eggs of shoreline spawners and 
intergravel redds (nests) of salmonids. Water level changes 
cause losses of invertebrate populations that inhabit 
shoreline areas. 

Dams also tend to advance the time when water tem
peratures are warmest (Jaske and Goebel, 1967), so that 
this occurs near the time of mainstream salmon spawning. 
Hundreds of miles of river have been lost as anadromous 
fish habitat after construction of high dams, e.g., Grand 
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Coulee, Hells Canyon, Oxbow and Brownlee. Storage 
dams on the Columbia River system have tended to re
duce the seasonal fluctuations in river flow, e.g., higher 
minimum and lower maximum flows. This will make the 
riparian zone more stable. On the other hand, power
peaking low-head dams produce a daily variable flow that 
tends to reduce both the size and stability of the shoreline 
habitat. Impounded waters have inundated islands that 
were important breeding areas for certain species of birds, 
for example, Canada geese and gulls. 

Of particular concern to the Council is the potential 
impact of hydropower development on fish and wildlife. 
The Council is responsible for protection, mitigation and 
enhancement of the fish and wildlife resources of the Co
lumbia River Basin that have bee affected by hydropower. 
Furthermore, the Council is charged with considering pro
tection, mitigation and enhancement of fish and wildlife, 
and related spawning grounds and habitat, when assessing 
the cost-effectiveness of new hydropower resources. 

To provide guidance for future hydropower develop
ment in the region, the Council has designated certain 
reaches of Northwest streams as protected areas. The 
Council believes that new hydropower development in 
such areas would pose unacceptable risk of loss to fish and 
wildlife species of concern ( existing power or non-power 
water control structures generally are exempted from pro
tected area requirements). The protected areas designa
tions are intended to: I) protect fish and wildlife 
resources; 2) send a clear signal to developers regarding 
the acceptability or non-acceptability of stream reaches 
for hydropower development; 3) provide planning guide
lines for determining the availability of new hydroelectric 
power; and 4) create a comprehensive plan to provide 
guidance for licensing decisions by the Federal Energy 
Regulatory Commission. 

Protected areas designations are based on fish and 
wildlife considerations only and do not reflect other river 
values that might affect the desirability of hydropower 
development. 

The Council intends that future hydropower develop
ment be undertaken in an environmentally responsible 
manner. To achieve this objective, future hydropower de
velopment is expected to comply with the Council's pro
tected areas policies. In addition, all hydropower 
development, regardless of location, should include ac
tions to mitigate environmental impacts to the extent 
practicable. Unavoidable impacts should be considered 
when assessing project cost-effectiveness. The Council 
expects that future hydropower development will comply 
with the conditions for hydropower development set forth 
in Volume II, Chapter 11. 
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New Hydropower Potential in the 
Pacific Northwest 

This plan relies on the estimate of new hydropower 
potential that was developed for the 1989 Supplement to 
the 1986 Power Plan and takes into account protected 
areas designations. In the 1989 supplement, the Council 
concluded that about 410 megawatts of firm energy is po
tentially available from new hydropower development at 
costs of 13.4 cents per kilowatt-hour or less. This estimate 
has not been revised for the 1991 Power Plan, because 
information and events occurring since preparation of the 
1989 supplement are judged not to have significantly af
fected the estimated supply of new hydropower. The pro
cess by which the Council arrived at the estimates of new 
hydropower appearing in the 1989 supplement is described 
below. 

The estimate of new hydropower potential is based 
upon an inventory of potential projects contained in the 
Pacific Northwest Hydropower Site Data Base, the river 
resource assessment documented in the River Resources 
Data Base and the guidance to hydropower development 
provided by the Council's protected areas policy. 

Concerns regarding the environmental impact of new 
hydropower, and, particularly, the possibility of conflict 
with the Council's fish and wildlife program led the Coun
cil to seek improved information regarding new hydropow
er sites and potentially affected streams. Through the joint 
efforts of the Council, the U.S. Army Corps of Engineers 
and Bonneville, a Pacific Northwest Hydropower Site 
Data Base was developed (Corps of Engineers, 1986). This 
data base contains the location, cost and performance in
formation on all hydropower projects in the Pacific North
west that have been submitted to the Federal Energy 
Regulatory Commission for permitting, licensing or ex
emption. The data base also includes existing hydropower 
projects and sites identified by the Corps of Engineers' 
National Hydropower Survey. Associated with the site 
data base are computer algorithms for estimating project 
capacity, energy production and cost. 

The need to better understand the qualities of 
streams affected by proposed hydroelectric development 
led the Council and Bonneville, with the assistance of fed
~ral agencies, the states and the Indian tribes, to under
take a comprehensive assessment and evaluation of 
regional river resource values. This work included surveys 
of anadromous fish, resident fish, wildlife, natural fea
tures, cultural features, recreation and Indian cultural 
sites for 134,000 stream miles, representing 39 percent of 
the region's total stream miles. Not included are most 
streams that are currently protected from hydropower de
velopment by federal legislation (for example, streams 
located within National Wilderness Areas), and small 
headwater streams. Each stream reach is classified as to 
the presence or absence of anadromous fish and ranked, 
using four levels of value, for each of the other environ
mental considerations noted above. 

506 

GENERATING RESOURCES 

New hydropower potential was estimated using a mul
ti-step process. First, the technical hydropower potential 
was estimated using records of projects subject to the 
FERC hydropower licensing process. Next, projects pre
empted by federal protection and the Council's protected 
area designations were eliminated. Developable potential 
was then estimated, based on project licensing status and 
the environmental characteristics of the river reach in 
which the project would be sited. Finally, the economically 
developable potential was assessed by estimating the cost 
of energy from the remaining projects. 

Technical Potential 

The Council's estimated technical potential for new 
hydropower development is based on an inventory of pro
posed projects located within the four-state region, west 
of the Continental Divide. Projects included in the inven
tory are those that have been active in the Federal Energy 
Regulatory Commission licensing process. Physically com
peting proposals were excluded, as were pumped storage 
projects, since the latter are not net-energy producers. 
Proposed federal projects were excluded because of in
complete information on these projects. This omission 
should not greatly affect the estimated availability of new 
hydropower, because many of the better federal sites have 
been filed on by non-federal developers and are therefore 
included. 

Environmental and Institutional 
Constraints 

Projects included in the technical potential category 
were screened to eliminate those prohibited by environ
mental and institutional constraints. Two screens were 
used: current federal stream protection and the Council's 
protected areas policy. It was assumed that no future de
velopment would occur in areas currently having federal 
protection. These areas include wilderness areas, national 
parks, and stream reaches included in the National Wild 
and Scenic Rivers System. Projects not complying with the 
Council's protected areas rule also were eliminated from 
further consideration. The protected areas rule permits no 
new hydropower development within protected stream 
reaches, except for projects meeting the following criteria: 

• Projects located within protected reaches, but licensed 
or exempted prior to August 10, 1989. 

• Power additions to existing power or non-power water 
control structures located within protected areas. 

Developable Potential 

About 590 projects passed the institutional screens 
described above. These are listed in Appendix 8-B. Even 
projects passing these screens could have environmental 
problems that may preclude development. Moreover, the 
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technical characteristics of many of these sites have not 
been fully explored, leading to the possibility that develop
ment may not be feasible for engineering or economic 
reasons. To account for these factors, probabilities of de
velopment were estimated for each project passing the 
institutional screens. These probabilities of development 
were estimated using the Hydropower Supply Model de
veloped for the Bonneville Power Administration by Ott 
Water Engineers (Ott, 1987). 

Bonneville's Hydropower Supply Model calculates two 
probabilities of development for a project. One probability 
is based upon the river resource values of the affected 
stream reach. (This probability is shown in Appendix 8-B 
in the column entitled "River.") The second probability is 
based upon the current permitting or licensing status of 
the project. (This probability is shown in Appendix 8-B 
under the heading "Regul.") The lower of the two proba
bilities was selected as the governing probability of devel
opment for the project. (This probability is shown in 
Appendix 8-B under the heading ''Final.") The final prob
ability of development is applied to the energy potential of 
the project to obtain a probable energy contribution (two 
columns on the right of Appendix 8-B). The probable con
tributions of individual projects are summed to obtain the 
regionwide potential. This method produces a statistical 
estimate of the expected developable hydropower energy 
without the need to determine if specific individual proj
ects should be developed-a determination that would be 
inappropriate given the limited information currently 
available on specific projects and stream reaches. 

This process yielded about 1,230 megawatts of poten
tial new hydropower capacity. 

Economic Potential 

The final step in estimating new hydropower potential 
was to calculate the economic feasibility of projects that 
passed the institutional screens described above. Develop
er-supplied project capital cost information was used 
where available. Where developer-supplied information 
was not available, the cost algorithm of the Hydropower 
Site Data Base was used to estimate project development 
costs. Neither developer-supplied nor algorithm-gener
ated costs were available for some projects. The capital 
costs of these projects were assumed to be distributed in 
proportion to the capital costs of projects having capital 
cost estimates. As described earlier, certain projects, even 
though located in protected stream reaches, can be devel
oped, if they meet certain criteria. 'The estimated cost of 
developing these projects was increased by 10 percent, 
because it is expected that the costs for licensing and engi
neering these projects would be greater than if the proj
ects were not located in protected areas. 

Project levelized energy costs were calculated using 
the reference financial assumptions described in the intro
duction to this chapter. 
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The resulting supply curve of new hydropower is 
shown in Table 8-21. The achievable supply of new hydro
power is estimated to be about 1,060 megawatts of capac
ity. 'This capacity would supply about 510 megawatts of 
average energy and about 410 megawatts of firm energy at 
nominal costs of 13.4 cents per kilowatt-hour or less.19 

Upper and lower bounds to new hydropower availabil
ity also were estimated. To estimate the possible upper 
bound of hydropower availability, each site passing the 
institutional screens was assumed to have a 100-percent 
probabiiity of development. This assumption yields about 
2,300 megawatts of new hydropower capacity, able to pro
duce about 1,100 megawatts of average energy and about 
900 megawatts of firm energy at 13.4 cents per kilowatt
hour, or less. This upper-bound supply curve is tabulated 
in Table 8-22. 

In the lower-bound study, development was limited to 
sites having existing water control structures (power or 
non-power). The probabilities of project development esti
mated for the "likely developable" supply curve (i.e., 
those shown in Appendix 8-B) were applied to these sites. 
This yielded 484 megawatts of new hydropower capacity, 
capable of producing about 230 megawatts of average en
ergy and about 185 megawatts of firm energy at 13.4 cents 
per kilowatt-hour, or less. This lower-bound supply curve 
is tabulated in Table 8-23. 

19. These energy costs were computed on the basis of average 
energy. The differing values of firm and secondary energy are 
subsequently accounted for when new hydropower resources 
are evaluated in the ISAAC Decision Model. 
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Table 8-21 
Cost and Availability of New Hydropower (Achievable) (1990 Dollars) 

Levelized Cost (cents/kWh) Average Energy Firm Energy 

Nominal Real Incremental (MWa) Cumulative (MWa) Incremental (MWa) Cumulative (MWa) 

<2.4 < 1.2 9 7 7 

2.4 - 3.7 1.2 - 1.9 33 42 26 33 

3.7 - 4.9 1.9 - 2.5 14 56 11 44 

4.9 - 6.1 2.5 - 3.1 58 114 46 90 

6.1- 7.3 3.1- 3.7 74 188 59 149 

7.3 - 8.7 3.7 - 4.4 55 243 44 193 

8.7 - 9.9 4.4 - 5.0 86 329 69 262 

9.9 - 11.0 5.0 - 5.6 72 401 58 320 

11.0 - 12.2 5.6 - 6.2 88 489 70 390 

12.2 - 13.4 6.2 - 6.8 23 512 18 408 

Table 8-22 
Cost and Availability of New Hydropower (Upper Bound) (1990 Dollars) 

Levelized Cost (cents/kWh) Average Energy Firm Energy 

Nominal Real Incremental (MWa) Cumulative (MWa) Incremental (MWa) Cumulative (MWa) 

<2.4 < 1.2 16 16 13 13 

2.4 - 3.7 1.2- 1.9 145 161 116 129 

3.7 - 4.9 1.9 - 2.5 35 196 28 157 

4.9 - 6.1 2.5 - 3.1 207 403 166 323 

6.1- 7.3 3.1- 3.7 127 530 102 425 

7.3 - 8.7 3.7 - 4.4 106 636 85 510 

8.7 - 9.9 4.4 - 5.0 132 768 106 616 

9.9 - 11.0 5.0 - 5.6 179 947 143 759 

11.0 - 12.2 5.6 - 6.2 119 1,066 95 854 

12.2 - 13.4 6.2 - 6.8 70 1,135 56 910 
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Table 8-23 
Cost and Availability of New Hydropower (Lower Bound) (1990 Dollars) 

Levelized Cost (cents/kWh) Average Energy Firm Energy 

Nominal Real Incremental (MWa) Cumulative (MWa) Incremental (MWa) Cumulative (MWa) 

<2.4 < 1.2 2 

2.4 - 3.7 1.2 - 1.9 12 

3.7 - 4.9 1.9 - 2.5 4 

4.9 - 6.1 2.5 - 3.1 31 

6.1- 7.3 3.1- 3.7 17 

7.3 - 8.7 3.7 - 4.4 24 

8.7 - 9.9 4.4 - 5.0 50 

9.9 - 11.0 5.0 - 5.6 30 

11.0 - 12.2 5.6 - 6.2 47 

12.2- 13.4 6.2 - 6.8 13 

New Hydropower Planning Assumptions 

The supply of achievable new hydropower that ap
pears in Tuble 8-21 is the amount of this resource that the 
Council has counted on for the resource portfolio of this 
plan. Because of the range of estimated project costs, this 
supply was divided into four resource blocks for use in the 
Council's resource portfolio analysis. The assumptions 
used to characterize these blocks for planning purposes 
are shown in Table 8-24. 

Through the work of resource agencies, project devel
opers and others, additional information concerning hy
dropower sites and stream values becomes available on a 
regular basis. Bonneville, the Corps of Engineers and the 
Council continually update the river values data base and 
hydropower site data bases, so that this improved informa
tion becomes available for hydropower resource assess
ment. For this reason, the Council expects to periodically 
reassess its estimate of developable hydropower. 
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2 2 2 

14 10 12 

18 3 15 

49 25 40 

66 14 54 

90 19 73 

140 40 113 

170 24 137 

217 38 175 

230 10 185 

Conclusions 

The Council considers new hydroelectric resources 
totaling 410 average megawatts of firm energy to be avail
able to the region. These resources range in cost from less 
than 2.4 cents per kilowatt-hour to 13.4 cents per 
kilowatt-hour. Uncertainties about the availability of new 
hydropower for development also were assessed. This 
assessment indicated that the availability of achievable 
new hydropower might range from as little as 185 to as 
much as 900 megawatts of firm energy. 

The principal issue affecting the development of new 
hydropower concern effects of new hydroelectric facilities 
on the environment, principally fish and wildlife. The 410 
average megawatt amount used by the Council in its plan
ning is the Council's estimate of the amount that could be 
developed at acceptable environmental cost. 

In the Action Plan, the Council recommends acquir
ing environmentally acceptable new hydroelectric re
sources as they become cost-effective. 
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Table 8-24 
New Hydropower Planning Assumptions (1990 Dollars) 

New Hydro 1 New Hydro 2 New Hydro 3 New Hydro 4 

Total Capacity (MWa) 190 290 340 240 

Total Average Energy (MWa) 110 130 160 110 

Total Firm Energy (MWa) 91 100 130 89 

Unit Capacity (Typical Project) (MW) 10 10 10 10 

Seasonality Spring Spring Spring Spring 

Dispatchability Must-run Must-run Must-run Must-run 

Siting and Licensing Lead Time (months) 36 36 36 36 

Probability of Siting and Licensing Success (%) 50 50 50 50 

Siting and Licensing Shelf Life (years) 4 4 4 4 

Probability of Hold Success(%) 75 75 75 75 

Construction Lead Time (months) 36 36 36 36 

Construction Cash Flow (%/yr.) 25150125 25/50125 25150125 25150125 

Siting and Licensing Cost ($/kW) $80 $100 $138 $167 

Siting and Licensing Hold Cost ($/kW /yr.) $3 $3 $5 $6 

Construction Cost ($/kWi $1,060 $1,329 $1,831 $2,216 

Fixed OM&R Cost ($/kW/yr.)b $23 $29 $39 $48 

Variable Operating Cost (mills/kWh) 0.0 0.0 0.0 0.0 

Earliest Service 1991 1991 1991 1991 

Peak Development Rate (units/yr.) 6 6 8 8 

Service Life (years) 50 50 50 50 

Real Escalation Rates (%/years) 

• Capital Costs 0% 0% 0% 0% 

• O&M Costs 0% 0% 0% 0% 

a ''Overnight" cost (excludes interest and escalation during construction). 
b Includes operation, maintenance and post-operational capital replacement costs. 
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Municipal Solid Waste20 

Around the world, electricity has been generated us
ing municipal solid waste for fuel for many years. There 
are several well-established technologies and experienced 
vendors. Adoption of this technology has been more wide
spread in Europe than in the United States. This is at 
least partly due to the relative scarcity of disposal sites in 
Europe. This scarcity makes the reduction of waste vol
ume that results from incineration for energy recovery 
more valuable and makes adoption of the practice more 
likely. 

The Pacific Northwest has four operating municipal 
solid waste facilities that generate electricity. The first 
completed is in Marion County, Oregon. Design capacity 
of this facility is 550 tons per day of municipal solid waste, 
with a net electricity output of 11 megawatts. This facility 
uses the "Martin grate system" that is in service through
out the world. It has both a dry scrubber and a baghouse 
for pollution control. Thermal Reduction Company in Bel
lingham, Washington, has a I-megawatt capacity plant that 
bums 100 tons per day of solid waste in a "Consumat" 
shop-built incinerator. This facility has an electrostatic 
precipitator for pollution control and will be adding a 
scrubber for acid gas control. Skagit County, Washington, 
has a 2-megawatt capacity plant that bums 180 tons per 
day. This facility uses a rotating kiln furnace and has a dry 
scrubber and a baghouse for pollution control. Tacoma 
Light Division has repowered an existing steam electric 
plant to operate on a mix of wood refuse, coal and refuse
derived fuel. The 38-megawatt capacity plant is expected 
to produce about 32 megawatts of energy. This plant uses 
a circulating fluidized-bed furnace with limestone injec
tion for sulfur dioxide control and a baghouse for particu
late control. 

The city of Spokane, Washington, is constructing an 
800-ton per day facility that generates 16 megawatts of 
power. 

Municipal solid waste was considered a promising 
technology in the Council's 1986 plan, but was not in
cluded in the resource portfolio because of uncertainties 
regarding air quality, traffic and other issues leading to 
difficulty in siting and permitting municipal solid waste 
generation projects. 

Technology 

Technologies for recovering energy from municipal 
solid waste can be separated into two principal categories: 
technologies that bum unseparated and untreated waste 
("mass-bum" technologies); and technologies that bum 
fuel extracted from municipal solid waste ("refuse-derived 
fuel"). Power plants that bum gas generated by landfill 
disposal of waste might also be considered in this category. 
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Mass Burn 

Mass-bum plants use direct firing of unprocessed mu
nicipal solid waste in steam-electric power plants. Mass
bum facilities have been in use worldwide since the 
beginning of this century. Mass-bum facilities include 
modular units, which are shipped to the site more or less 
completely assembled, and site-built units, which are gen
erally larger in capacity. Mass-bum technology has the 
advantage of technological maturity, compared to refuse
derived fuel technology, and it tends to be somewhat less 
expensive to build for comparably sized plants. A disad
vantage of mass burning is that the fuel varies widely in its 
heat content and other characteristics. This fuel variability 
complicates the operation of mass-bum facilities. 

Refuse-Derived Fuel 

Refuse-derived fuel technologies involve the separa
tion of the combustible component from municipal solid 
waste and the processing of the combustible component 
into a form that is uniform and easily handled. The result
ing fuel can take a variety of forms. "Fluff," which is es
sentially small pieces of paper and plastic, is the most 
commonly used, but the fuel also can be pressed into pel
let or briquet form, ground into dust or processed into a 
sludge. This fuel is then used to fire a conventional 
steam-electric power plant. 

The equipment necessary for separating and process
ing refuse-derived fuel raises the capital cost, relative to 
mass-bum technologies. However, the extra cost of this 
equipment can be offset partially by income from recov
ered recyclable materials (e.g., glass, metal) and by the 
smaller furnace size and higher combustion efficiency 
made possible by greater uniformity and higher heat con
tent of the processed fuel. An additional advantage of re
fuse-derived fuel technology is reduced corrosion, due to 
prior separation of abrasive and non-combustible materi
als and better control of the combustion process. Disad
vantages follow mainly from the technology's relative 
immaturity. Problems with various stages of waste process
ing and burning have been more common with refuse-der
ived fuel facilities than with mass-bum facilities. 

20. Much of the background information and analysis in this 
section was taken from an issue paper prepared for the Council 
by Dr. J.D. Kerstetter of the Washington State Energy Office. 
This paper (Kerstetter, 1989) appeared in Council staff issue 
paper 89-41, Biomass Resources, October 16, 1989. The North
west Power Planning Council appreciates the assistance that it 
has received from the Washington State Energy Office in as
sessing the municipal solid waste generating potential in the 
Pacific Northwest. 
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Landfill Gas 

Landfill gas, a mixture of carbon dioxide and meth
ane, is produced by anaerobic microorganisms in sanitary 
landfills. The gas is collected by a system of pipes built 
into the landfill. (The collection of landfill gas is required, 
whether or not the gas is to be used as fuel, because of 
the combustible nature of the substance.) The gas can be 
processed into medium-Btu or high-Btu gas and either 
sold into the natural gas pipeline system or burned to gen
erate electricity. 

The collection and use of landfill gas is a well-estab
lished technology. Its performance and cost-effectiveness 
are site-specific, but are generally favorable. There are 
more than 30 landfill gas recovery facilities in the state of 
California alone. In contrast to the mass-burn and refuse
derived fuel technologies, the collection of landfill gas 
does not reduce the volume of material that must be dis
posed of in landfills. 

Development Issues 

Issues associated with the development of municipal 
solid waste-to-energy plants include plant siting, effects of 
recycling, air quality concerns and global warming con
cerns. 

Plant Siting 

A very significant issue affecting development of mu
nicipal solid waste energy projects is the problem of siting 
facilities. Proposed projects often face considerable oppo
sition from people living nearby. Opponents of projects 
express concern about traffic and dirt resulting from deliv
ery of the waste to the facility and air pollution resulting 
from burning the waste. Emission control technology is 
available to meet current air-quality standards, but there 
is concern about the adequacy of these standards. Council 
studies suggest that at forecast costs of municipal solid 
waste disposal, electricity can be generated from municipal 
solid waste at costs less than the cost of electricity from 
many alternative resources. But, current public perception 
and economics probably will make any new energy-recov
ery facilities difficult to build in the next decade. 

Effects of Recycling 

A second development issue arises from the interac
tion between the economics of energy generation using 
municipal solid waste and the fraction of municipal solid 
waste that is recycled. Recycling reduces the total volume 
of waste that can be used as fuel for generation and may 
reduce the heat value of the fuel. Many people think re
cycling should and will become more widespread, which 
would affect the economics of energy generation using 
municipal solid waste. This situation increases uncertainty 
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regarding the future quality and availability of municipal 
solid waste for generation. 

Air Quality Concerns 

State-of-the-art municipal solid waste energy recov
ery facilities are able to meet all air quality standards 
throughout the region. Table 8-25 shows the emissions 
from a unit similar to the Marion County facility. 

The public is still concerned about the adequacy of 
existing air-quality standards, in part, because allowable 
levels have not been established for all pollutants from 
municipal solid waste plants (Table 8-25). This concern 
can cause lengthy delays in siting and obtaining permits 
for new facilities. For example, the Spokane incinerator 
was required to add nitrogen oxides control measures in 
order to obtain an authority-to-construct permit. The fi
nal permit was issued in September 1989, about seven 
years after the feasibility study was completed. 

Global Warming 

The net effect of electricity generation using munici
pal solid waste on atmospheric concentrations of green
house gases is unclear. Of the combustible fraction of 
municipal solid waste, probably 80 to 90 percent is bio
mass, mostly paper products. Burning this biomass pro
duces carbon dioxide, the major greenhouse gas. But, if 
this biomass is replaced by replanting trees or other 
plants, an equal amount of carbon dioxide will eventually 
be absorbed from the atmosphere by the new plant 
growth. Thus, in the long run, biomass combustion makes 
a zero net contribution to atmospheric carbon dioxide con
centrations, if the biomass fuels are regrown. 

Over the next several decades, there will be an in
crease in atmospheric carbon dioxide until the biomass is 
totally replanted and starts to mature. In addition, while 
fossil-based municipal solid waste (e.g., plastics) that is 
burned as fuel is usually a small percentage of total fuel, 
its combustion will increase atmospheric carbon dioxide in 
the same way as other fossil fuels. 

In sum, generating electricity using municipal solid 
waste probably contributes lower levels of carbon dioxide 
to the atmosphere than generation using a fossil fuel such 
as coal. Compared to other generating technologies such 
as wind, geothermal or nuclear, however, the use of mu
nicipal solid waste as fuel for electricity generation may 
result in higher levels of carbon dioxide. However, with 
landfill disposal of municipal solid waste, the biomass de
cays to methane that, if released, is many times worse 
than carbon dioxide as a greenhouse gas. 
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Table 8-25 
Measured Emissions from Stanislaus County Resource Recovery Facility 

Parameter Concentration Permit Level 

Nitrogen Oxides (ppm? 103 200 

Sulfur Oxides (ppm) 4.1 30 

Carbon Dioxide (ppm) 43 400 

Total Hydrocarbons (as CH4) (ppm) 4 70 

Particulate (grldscf)b 0.011 0.0275 

Hydrochloric Acid (ppm) 1.28 50 

Fluoride (ppm) 0.16 3 

Ammonia (ppm) 4.4 50 

Arsenic (ug/Nm3)C 0.77 NIA 

Beryllium (uglNm3) <0.0005 NIA 

Cadmium (uglNm3) 2.10 NIA 

Chromium (uglNm3) 12.0 NIA 

Nickel (uglNm3) 22.2 NIA 

a Parts per million. 

b Grains per dry standard cubic foot (one grain = 1/7,000 pound; one dry standard cubic foot = one moisture-free cubic foot of 
gas at 59°F and at a pressure of one atmosphere.) 

C Micrograms per normal cubic meter (one normal cubic meter = one cubic meter of gas at 0°C (32°F) and at a pressure of one 
atmosphere). 

Reference: Hahn, J.L., Intemational Conference on Municipal Waste Combustion, Vol. 1, Hollywood, Florida, 1989. 

Municipal Solid Waste Generating 
Potential in the Pacific Northwest 

The future availability of municipal solid waste for 
electricity generation in the Northwest was estimated by 
the Washington State Energy Office in a paper entitled 
"Assessment of Biomass Resources for Electric Genera
tion in the Pacific Northwest" (Kerstetter, 1989), subse
quently released as a Council Staff Issue Paper (NPPC, 
1989). The Washington State Energy Office estimated that 
a maximum of 13 trillion Btu of municipal solid waste per 
year is available for use in new municipal solid waste 
plants. The average tipping fee21 paid to the operator of 
the municipal solid waste facility by the municipal solid 
waste hauler was estimated to be $6.50 per million Btu 
(1988 dollars). 

The quantity of municipal solid waste generated de
pends on population and economic activity. For most 
areas, it is predicted that recycling programs will keep the 
level of solid waste requiring disposal from growing signifi
cantly over the next 20 years. Paper and wood recycling 
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reduces the amount and energy content of material avail
able for electricity production. 

For economic reasons, it is unlikely that an energy-re
covery facility with electric power production will be built 
with a disposal capacity of less than 100 tons per day. Esti
mated volumes of solid waste that would be available for 
energy recovery in 1990 are shown in Table 8-26. This 
table excludes waste required for operating facilities in 
Marion County, Oregon; Skagit County, Washington; Bel
lingham, Washington; Tacoma, Washington; and planned 
facilities in Spokane, Washington. 

The potential impacts of generating plants using mu
nicipal solid waste, including air pollution, truck traffic, 
noise and odor, have contributed to public opposition in 
communities near proposed sites. While the economics of 

21. A tipping fee is the cost to municipal solid wast~ hauler~ to 
dump their garbage at the municipal solid waste fac1hty. This 
fee is determined, in part, by the costs to dump waste at land
fills and other alternatives. Because haulers pay to dump the 
municipal solid waste, the cost of fuel to an operator of an mu
nicipal solid waste facility is negative. 
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these plants often are sufficiently attractive to allow miti
gation or compensation for negative impacts on nearby 
communities, the Council's judgment is that use of the 
entire municipal solid waste resource for electricity gener
ation is unlikely during the planning period. Figure 8-15 
shows the estimated probabilities of various levels of use 
of municipal solid waste for electricity generation. The 
Council decided to use 4 trillion Btu for planning pur
poses, roughly 30 percent of the maximum potential of 13 
trillion Btu. This level has the highest probability of occur
ring; there also are roughly equal probabilities attached to 
exceeding or falling short of this level. Four trillion Btu of 
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fuel will support 30 average megawatts of electricity pro
duction. The plant operator can expect to receive about 
$7.00 per million Btu (approximately $32 per ton) of fuel 
taken (1990 dollars). 

Table 8-26 
Municipal Solid Waste Potentially Available for Energy Recovery 

Municipal Solid Waste Equivalent Thermal Energy Potential Electric Energy 
State (tons/day) ( trillion Btu/yr.) (MWa) 

Idaho 750 1.1 8 

Montana 330 0.5 4 

Oregon 3,360 5.1 40 

Washington 5,450 8.3 60 

Regional Total 9,890 15 112 

MSW 40 

Availability 35 

30 
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Representative Municipal Solid Waste 
Power Plant 

The heat rate of municipal solid waste plants, and the 
costs of construction and operation appear to be more 
sensitive to plant size than to technology. The perform
ance and costs associated with a 10-megawatt unit should 
be generally representative of the type of plant that might 
be developed to produce electricity consistent with meet
ing future refuse disposal needs in this region. The 10-me
gawatt size is likely to be somewhat smaller than a typical 
plant built to meet the needs of a large metropolitan area, 
but it is larger than plants built to serve more sparsely 
populated areas. 

The cost and performance characteristics of the repre
sentative plant are shown in Table 8-27. The costs were 
taken from an earlier Council study (Battelle, 1982a) and 
escalated to 1990 dollars. Plant heat rate and availability 
factors were taken from the same study. Because of the 
vintage of these performance and cost figures, they should 
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be used with caution. In particular, contemporary and fu
ture plants may incorporate more stringent environmental 
controls than the plants upon which these costs are based. 
This could result in increased construction and operating 
costs. The figures of Table 8-27 have, however, been com
pared to waste-to-energy plant cost and performance esti
mates from more recent sources, and appear to be 
reasonable. The Council intends to review its municipal 
solid waste plant cost and performance information in 
conjunction with the assessment of biomass research, de
velopment and demonstration needs called for in the Ac
tion Plan. 

The siting and licensing and construction lead times of 
Tuble 8-27 are taken from a Council study of methods to 
shorten power plant development lead times (Battelle, 
1982b ). These estimates, too, are expected to be reviewed 
during the assessment of biomass research, development 
and demonstration needs. 

Table 8-27 
Cost and Pe,formance Characteristics of a Representative Municipal Solid Waste Power Plant (1990 Dollars) 

10-Megawatt Mass-Bum Steam Electric Plant 

Rated Capacity (MW) 10 

Peak Capacity (MW) 10 

Equivalent Availability(%) 87% 

Annual Energy (MWa) 8.0 

Heat Rate (Btu/kWh) 20,000 

Siting and Licensing Cost ($/kW) $204 

Option Hold Cost ($/kW /yr.) $7 

Construction Cost ($/kW? $5,190 

Fixed O&M Cost ($/kW/yr.) $337 

Variable O&M Cost (mills/kWh)b 0 

Post-op Capital Replacement Cost ($/kW /yr.) $95 

Decommissioning ($/kW /yr.) $2 

Siting and Licensing Lead Time (months) 24 

Construction Lead Time (months)C 36 

Service Life (years) 30 

NOTE: Further details regarding these cost and performance characteristics are supplied in Appenclix 8-A. 
a "Overnight" cost (excludes interest during construction). 
b Variable O&M costs are included in the fixed O&M cost component. 
C Includes engineering, procurement and construction. 
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Table 8-28 
Reference Energy Costs for a Representative Municipal Solid Waste Power Plant 

(cents per kilowatt-hour) 

10 Megawatt Municipal Solid Waste Plant 

Reference Energy Cost Estimates 

Reference energy costs for the representative munici
pal solid waste power plant are shown in Table 8-28. 
These costs were calculated using the reference financial 
and service date assumptions discussed in the introduction 
to this chapter. The plant is assumed to operate at an 80 
percent capacity factor. 
. Unlike other resources in this plan, the municipal sol-
id waste plant has a negative energy cost. This is because 
the fuel price is negative ($-7.00 per million Btu). That is, 
municipal solid waste haulers pay the plant operator for 
the right to dump the solid waste. Although the Council 
has estimated a negative cost of electricity from this re
source, utilities most likely will pay a negotiated price for 
the electricity produced. Attempts to site and license mu
nicipal solid waste-fueled generating plants have been 
more difficult than one would expect for a technology that 
delivers electricity at negative cost. One interpretation of 
this situation is that opposition is due to environmental 
costs, either real or perceived, that are not represented in 
Table 8-28. Dealing with this opposition is likely to raise 
the cost of the generating plant because of increased miti
gation, compensation for environmental externalities and 
increased time and effort required to get the plant sited 
and licensed. In addition, increased recycling could reduce 
pressure on landfills, which would tend to reduce the 
amount of municipal solid waste and to lower tipping fees. 
Increased recycling also is likely to remove some of the 
highest-quality fuel (paper) from the waste stream. 

These factors would tend to increase the cost of elec
tricity from municipal solid waste. Thus, it is likely that 
the cost to the region for electricity from municipal solid 
waste plants will be higher than the reference costs. 

Planning Assumptions 

Because the actual cost of energy is uncertain, and 
the price utilities pay for this resource will be negotiated, 
the Council has assumed that the price charged to utilities 
will be just under the regional avoided cost at the time 
these plants are expected to come online. 
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Real ($1990) Nominal 

-0.6 1.1 

The use of the price charged to the utility system 
rather than regional cost is different than the Council's 
treatment of most resources. But, the modest size of the 
municipal solid waste resource means that the rest of the 
portfolio and the conclusions of the portfolio analysis are 
not significantly distorted. Until the obstacles to siting and 
licensing municipal solid waste-fueled power plants are 
better understood, the current treatment of costs appears 
to be the most reasonable available. 

Assumptions used in the resource portfolio analysis of 
municipal solid waste-fired power plants are shown in 
Table 8-29. 

Conclusions 

The Council considers 30 average megawatts of gener
ating resources fired by municipal solid waste to be avail
able to the region for planning purposes. The cost of 
electricity generated by these resources can vary widely, 
depending in part on the level of tipping fees charged to 
accept the waste. Table 8-28 demonstrates that at the lev
el of tipping fee assumed by the Council, the resulting 
cost of electricity from municipal solid waste ("Reference 
Energy Cost") is negative. This very attractive cost of elec
tricity, at least in principal, could make it possible to miti
gate real or perceived environmental impacts on 
communities near generating facilities, or to compensate 
the communities for impacts that are not mitigated. 

However, until mitigation or compensation mecha
nisms are developed, opposition from communities near 
proposed generation sites can be expected to continue 
complicating development of the resource. The other 
pri~~ipal _development issue confronting waste-to-energy . 
facilities is uncertainty regarding future levels of recycling. 

The Council's Action Plan directs the Research, De
velopment and Demonstration Advisory Committee to 
~xami~e ob_stacles to the development of generating facili
ties usmg biomass, including municipal solid waste. 
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Table 8-29 
Municipal Solid Waste Planning Characteristics (1990 Dollars) 

Total Capacity (MW) 38 

Total Average Energy (MWa) 30 

Total Firm Energy (MWa) 30 

Unit (typical project capacity per MW) 9.4 

Seasonality Nonea 

Dispatchability Must-run 

Siting and Licensing Lead Time (months) 24 

Probability of Siting and Licensing Success (%) 33 

Siting and Licensing Shelf Life (years) 5 

Probability of Hold Success (%) 75 

Construction Lead Time (months) 36 

Construction Cash Flow (%/yr.) b 

Siting and Licensing Cost ($/kW) b 

Siting and Licensing Hold Cost ($/kW /yr.) b 

Construction Cost ($/kW)C b 

Fixed OM&R Cost ($/kW/yr.) b 

Variable O&M Cost (mills/kWh) b 

Earliest Service 2000 

Peak Development Rate (units/yr.) One unit every 3 years 

Service Life (years) 30 

Real Escalation Rates (%/yr.) 

• Capital Costs 0% 

• Fuel Costs 0% 

• O&M Costs 0% 

Power Purchase Price (cents/kWh)b 

Levelized Real 4.ld 

Levelized Nominal 8.0d 

a The quantity of solid waste tends to peak in the summer, but the seasonal shape of output from municipal solid waste-fired gener-
ating plants is influenced by such factors as composting of yard debris, use of supplemental fuels and the scale of the generating plant 
relative to its service area. As a result, the output is assumed to be constant throughout the year. 

b Power-purchase price is used for the resource portfolio analysis of municipal solid waste plants. For this reason, individual cost 
components are not used. 

C "Overnight" cost (excludes interest during construction). 

d These prices are assumed to be negotiated between municipal solid waste plant operators and utilities and are set here at the ap-
proximate regional avoided cost for power. 
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Nonfirm Strategies 

The Northwest hydropower system produces, on aver
age, about 4,100 megawatts of nonfirm energy a year, 
mostly between January and July. That nonfirm energy 
serves the top, or interruptible, quartile of the Bonneville 
Power Administration's direct service industries and dis
places the output of Northwest thermal plants or thermal 
plants in the Southwest, primarily in California. This sec
tion explores higher-valued uses for this energy than serv
ing the California displacement market, currently the 
largest customer of nonfirm energy from the Northwest. 

Northwest nonfirm energy, in conjunction with a 
back-up resource, can meet firm loads in this region more 
cheaply than coal and other high-cost alternative re
sources. This combination resource has been characterized 
in the past as "firming nonfirm" or "nonfirm strategies." 
While there are a number of alternatives for the back-up 
resource, including purchased power and contracts for use 
of energy from California thermal plants, the Council's 
analysis focused on combined-cycle combustion turbines, 
sited in the Northwest and burning natural gas. 

The Council recognizes that the increased value of 
the nonfirm energy also increases the incentive of system 
operators to shape hydro system operation to maximize 
the displacement of the gas generation or other equivalent 
resources. This action is constrained by the requirements 
of the water budget22 in the Council's Columbia River 
Basin Fish and Wildlife Program. The Council has begun a 
review of the water budget and will change it if it is deter
mined to be inadequate. The Council expects the flow 
levels in the fish and wildlife program, or any flow levels 
determined to be appropriate under the Endangered Spe
cies Act, to be firm constraints on hydropower system 
shaping and will further amend the program as necessary 
to ensure this. Possible actions to augment flows for fish 
migration could result in more nonfirm energy generation. 

Background 

The Northwest Hydropower System 

Hydropower dominates the electrical power system in 
the Pacific Northwest, making the region unique in the 
United States. The hydropower system produces approxi
mately 62 percent of the total firm energy used by the re
gion. Even with demand growth at the Council's high 
level, hydropower would still produce almost half the re
gion's electricity at the turn of the century. 

There are two key characteristics to the Northwest 
hydropower system. First, it varies widely in annual energy 
capability, depending upon rainfall and the snowpack ac
cumulated each year. The average annual output of the 
hydropower system since recordkeeping began in 1879 
(and including the effect of the Council's water budget) is 
approximately 16,600 megawatts. This is about 4,100 mega
watts, or 33-percent, greater than the critical period ener-
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gy capability. During a good year, the annual capability can 
be as much as 50-percent greater than critical period ca
pability. "Critical period" refers to that sequence of low 
water conditions during which the lowest amount of firm 
load can be carried. The energy that can be generated 
during the critical period is called "firm" energy. Energy 
that can only be generated when water conditions are both 
better than critical conditions and sufficient to refill sys
tem reservoirs is called "nonfirm" energy. 

A second, equally important characteristic of the 
Northwest's hydropower system is that the variation of 
flows within the year can be even greater than the varia
tion across water conditions from year to year. 

More than half the annual firm energy from the 
Northwest hydropower system comes from natural stream
flows; less than half comes from reservoir storage. Figure 
8-16 shows the variation in natural streamflow at The 
Dalles, Oregon, on the lower Columbia. The relatively 
low amounts and low variability of natural streamflows 
between August or September and the onset of the spring 
runoff in March or April are important in considering the 
risks that can be taken in using the reservoir storage. (The 
10, 25, 50, 75 and 90 percent lines represent percentage of 
time the flow is equaled or exceeded on that particular 
day. These lines are based on 10-day mean values.) 

Historically, the Columbia River discharges about 73 
percent of its natural runoff between April and October, 
and only 27 percent in the November to March winter 
period, when electrical loads are highest. This ratio of 
73:27 has been altered by upstream storage projects so 
that the regulated flow better matches the pattern of the 
region's loads. However, the river and its storage system 
are managed for purposes besides electricity generation. 
Flood control, irrigation, fish and wildlife requirements, 
recreation and navigation may limit the availability of up
stream storage for power generation. 

The reservoir storage itself is significantly limited. A 
large part of the hydropower system water supply comes 
from the snowpack in the upper Columbia and upper 
Snake river basins, in the mountains of British Columbia, 
Montana and Idaho. However, only 40 percent of even the 
average January to July runoff is storable in the system's 
reservoirs. This means large portions of the total annual 
water supply come during the spring runoff from April 
through July. Moreover, most of the water from the melt
ing snow must pass through the generators or over the 
spillways if it cannot be used in the springtime because it 
cannot be stored for use in the following fall and winter, 
when demand is higher. 

22. The water budget is a volume of water released from upriv
er dams on the Snake and Columbia rivers to coincide with and 
aid the downstream migration of young salmon and steel head 
each spring and early summer. 
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Columbia 
River Flow 

Flow in 1,000 cubic feet/second Percent of Time Flow is Exceeded 

Figure 8-16 
Average Daily 
Columbia River 
Natural Flow at 
The Dalles, Oregon 
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Figure 8-17 shows the amount of electrical energy 
available at various probability levels above the critical 
period quantities over the 102-year historical record. The 
variability of the hydropower system has major effects on 
the economics of other existing and new resources, be
ca use it influences the way they operate. 

Figure 8-18 shows the above information in a slightly 
different form. It shows the percent of time various 
amounts of nonfirm energy (averaged over seasons) are 
available and the uses to which they are currently put. 
These different uses are described in more detail below. 

Existing Uses of Nonfirm 

Currently, there are three major uses of Northwest 
nonfirm energy. The first is to serve the interruptible or 
top quartile of Bonneville's direct service industries. The 
direct service industry load is divided into quartiles, and a 
different set of restriction rights applies to each of the 
quartiles. The main division, however, is between the first, 
or top, quartile for which firm resources are not planned, 
and the lower three, which are firm loads for planning. 
However, Bonneville operates its system to serve the top 
quartile as if it were a firm load, while retaining the ability 
to restrict service to it in order to avoid restricting service 
to firm loads. 

This ·'as if firm" operation is achieved in the fall of 
the year by, in effect, borrowing water from future periods 
(following spring or following year) in the expectation that 
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sufficient water will be available from the spring runoff to 
both refill the reservoirs and repay the borrowing by mak
ing up for the earlier reservoir draft.23 After January, the 
direct service industries have priority access to Bonneville 
nonfirm to serve their top quartile loads. If there is insuf
ficient runoff, the top quartile will be curtailed and the 
third quartile (by convention) will also be curtailed to re
pay the debt incurred by previous service to the top quar
tile. In this way, a higher level of service to the direct 
service industries is achieved while still effectively serving 
it only with nonfirm energy. When Bonneville has surplus 
firm energy available, it may use that to serve these indus
tries. In this case, there is no liability for third quartile 
curtailment, as there is with energy borrowing techniques. 
When nonfirm is not available, the industries may request 
that Bonneville purchase industrial replacement energy 
for them at their direct expense. 

23. "Borrowing" covers three specific practices with require
ments that differ only slightly. Shifting firm energy load carry
ing capability (FELCC) borrows from the second or later years 
of the critical period and puts the third quartile return obliga
tion into the spring of a later year after use by the first quartile. 
Advance energy (or provisional draft) has a return obligation 
that depends on whether return will allow reservoirs to refill or 
not. If return will allow refill, then return is required the first 
spring after use. If the runoff is so bad that it will not allow 
refill, then the obligation is deferred to a later spring. Flexibility 
energy is required to be returned the first spring in all cases. 
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Nonfirm 
Energy 
Availability 

Figure 8-17 
Probability of 
Nonfirm Energy 
Availability 

Nonfirm 
Energy 
Uses 

Figure 8-18 
Duration Curve of 
N onfirm Energy and 
Uses 
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The second use of nonfirm energy is to displace 
Northwest thermal plants. Existing combustion turbines 
on investor-owned utility systems can be displaced (shut 
down), using cheaper nonfirm energy from the utilities' 
own hydropower systems or nonfirm purchased from Bon
neville or generating public utilities. While these existing 
turbines generally were purchased to cover short-term 
energy deficits anticipated in the late 1970s rather than 
being part of a strategy of firming nonfirm, they could op
erate exactly as the turbines examined in this study, and 
are assumed to do so, within the operating limits currently 
set by their owners. Nonfirm also can be used to displace 
higher-cost coal plants, such as Boardman in eastern Ore
gon and Idaho Power's Valmy plant in northern Nevada. 

Third, the remaining nonfirm is sold to Southwestern 
utilities, principally in California, to displace gas and oil 
generation. The Northwest's revenues from nonfirm sales 
to California can run into several hundred million dollars 
each year, with good water conditions. For instance, in 
1985, Bonneville alone earned more than $400 million 
from sales outside the region, the bulk of it to the three 
largest California utilities, Pacific Gas and Electric, South
ern California Edison and the Los Angeles Department of 
Water and Power. The average revenue was 2.27 cents per 
kilowatt-hour. In recent years, California gas prices have 
been lower and there has been little Northwest nonfirm 
available from the hydropower system due to the extended 
drought. 

Nonfirm is sold either directly by utilities, or pur
chased from Bonneville by non-federal thermal genera
tors and used to meet Northwest loads. In the latter case, 
the Northwest thermal generation, which would otherwise 
have been run to meet Northwest loads, is instead run to 
reduce generation at higher cost gas and oil plants in Cali
fornia. These latter "displacement" transactions can take 
place only when the Bonneville nonfirm rate is significant
ly lower than the California market price. 

Study Results 

The general conclusions of the study can be seen in 
Figure 8-19. The curve in this figure illustrates the bene
fits of combined-cycle turbines compared with coal gasifi
cation plants, as a function of total installed energy. The 
curve was constructed by comparing studies that included 
1,000 megawatts of turbine energy to those with 1,000 me
gawatts of coal energy, then 2,000 megawatts and so forth. 
The benefit that is plotted is the lower total system cost 
that occurs by building turbines instead of coal plants. If 
this curve were to roll over to the right, it would indicate 
that additional units of turbine energy beyond the turning 
point have lower value than the initial units. The point at 
which the curve turns over is the point at which the last 
megawatt of added turbine capacity has exactly the same 
benefits as the last megawatt of added coal capacity. Each 
additional megawatt beyond this point would then have 
negative value, indicated by the downward sloping portion 
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of the curve. The fact that the combined-cycle curve has 
not rolled over at 4,000 megawatts indicates that the opti
mum number is beyond that point, given the assumptions 
in the study. In fact, under the expected gas prices, tur
bines are more cost-effective than coal gasification plants, 
even when the turbines are running at full availability 
(base loaded). 

The cost of simple-cycle combustion turbines is based 
on industrial-grade machines. Based on these costs, it was 
determined that simple-cycle combustion turbines are not 
cost-effective at this time, compared to combined-cycle 
units. Aero-derivative simple-cycle turbines are somewhat 
less expensive than industrial-grade machines, and it may 
turn out that they may become a reasonable alternative to 
the industrial-type turbines used in this analysis. If so, 
they could replace some of the combined-cycle turbines in 
the portfolio. 

Gas Price Sensitivity and Availability 

Price and availability of gas are key to the discussion 
of firming nonfirm with turbines. This study used a "hy
brid" gas price series calculated using SO-percent firm and 
SO-percent interruptible gas. Sensitivity scenarios were 
based on that initial set of prices, and the California mar
ket price was adjusted in a roughly comparable way. The 
capital cost of the turbines included a fuel inventory 
charge for a back-up 14-day supply of fuel oil, to cover 
periods when gas might be interrupted, such as the ex
tended cold spell of February 1989. 

The sensitivity to gas prices is shown in Figure 8-20. 
The Council's high gas price forecast was used for the 
analysis. As gas prices increase, benefits of using turbines 
decrease. At 3,000 megawatts of installed energy, benefits 
drop almost 60 percent. A more important observation to 
make, however, is that while there is a significant decrease 
in benefits, turbines are still cost-effective at least up to 
3,000 megawatts of installed energy. In fact, the peak of 
this curve may well be beyond the 4,000 megawatt range, 
which is well beyond the limits imposed by the Council in 
recognition of gas supply. 
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Gas Turbine 
Cost-
Effectiveness 

Figure 8-19 
Cost-Effectiveness of 
Gas Turbines 
Compared to Coal 

Gas Price 
Effects 

Figure 8-20 
Effect of Gas Price 
on Turbine 
Cost-Effectiveness 
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The Council hired an independent contractor to re
view the Northwest gas supply situation.24 The contractor 
concluded that there was a very large gas reserve base in 
western Canada at reasonable prices. The primary con
straints are transmission capacity to deliver that gas to the 
Northwest, and the issues raised by the potential usage 
pattern of the gas. Use of natural gas for backing up non
firm hydropower presents an unusual gas supply problem. 
Because these generating plants would operate only when 
nonfirm energy is unavailable, they would usually operate 
only for several fall months per year, and sometimes 
would not operate at all during the year. On the other 
hand, during dry years, they might have to run at nearly 
full availability for more than a year. (Because energy, not 
capacity, is the reason for operating these plants, short 
shutdowns could be tolerated.) 

Representatives of the gas industry have suggested 
that these plants would require the reserved pipeline de
livery capacity of firm service. But it should be possible to 
market some of this reserved delivery capacity during 
those periods when plant operation is not required, there
by offsetting part of the fixed delivery costs. Moreover, 
because these generating plants could be shut down for 
short periods, even during poor water years, some of the 
peaking service costs associated with firm gas contracts 
could be avoided. 

An alternative to this arrangement is to rely entirely 
on interruptible gas with back-up oil for peak-period gas 
interruptions. Because the time pattern of potential gas 
use for turbines is different from the time pattern of firm 
gas use, there will generally be nonfirm transmission pipe
line capacity available when the turbines will have to run. 
The turbines are most likely to run from the late summer 
through December, which is when the expected availability 
of nonfirm hydro energy is the lowest. This can be seen by 
referring back to Figure 8-17, earlier in this chapter. 

On the other hand, the firm gas demands on the pipe
lines peak with the heating season in December through 
March. Moreover, the gas transmission system is sized, 
and firm contracts are signed, on the basis of the expected 
maximum daily peak demand on the system. Typically, in 
the Northwest, these demands come during one-week to 
two-week cold spells, rather than lasting over periods of 
several months. These are the kinds of interruptions in 
fuel supply that could be backed up by oil in storage at the 
site of the turbine. 

Interruptible gas transmission capacity that is current
ly available will be used up gradually as firm gas demands 
grow. However, the Northwest sits between the western 
Canadian gas fields and the large California gas market. 
This market is most likely to be the one that drives the 
expansion of the gas pipeline capacity, rather than de
mands in the Northwest. It is not reasonable to expect 
that existing pipeline capacity will be a permanent con
straint. 

Several proposals to reduce risks associated with in
creased use of natural gas have been advanced. These in-
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elude use of combined-cycle generating plants that could 
be converted to coal gasification; purchase of long-term 
contracts with gas producers; equity participation in gas 
fields, and limiting new gas-fired capacity to some propor
tion of new resource requirements (similar to California's 
resource diversity policies). In addition, there are alterna
tives involving capacity/energy exchanges with California 
or desert Southwest utilities that would make back-up 
energy available without the constraints that are linked to 
pipeline capacity in the Northwest. These are discussed 
again below. 

It is widely agreed that there is abundant natural gas 
available for the long term at the producer level. Howev
er, natural gas is obtained outside the region; is subject to 
major price uncertainty, particularly as gas becomes a fuel 
of choice nationally (due to its flexibility and environmen
tal advantages); and is subject to transportation con
straints. Consequently, the Council has chosen to limit the 
amount of turbine energy ( or its substitutes, discussed lat
er) for backing up the region's nonfirm hydro energy be
fore the year 2000 to 1,000 megawatts. An additional 1,500 
megawatts could be subsequently developed, under the 
assumption that the gas supply situation may become 
clearer after the turn of the century. 

Capital Cost Sensitivity 

The Council also examined the sensitivity of its study 
results to relative capital costs of turbines and coal plants. 
Figure 8-21 shows the results of these studies. Capital cost 
estimates, as other assumptions in this plan, are sur
rounded by a band of uncertainty. Even though the Coun
cil staff is confident that capital cost estimates are the best 
they could be, future events, such as new environmental 
controls, could change those estimates. 

Three alternative cases were examined, including a 
case where combined-cycle capital costs increase by 25 
percent, a case where coal plant capital costs decrease by 
25 percent and finally a case where turbine capital costs 
increase by 25 percent and coal costs decrease 25 percent. 
The third alternative is highly unlikely to occur especially 
since a good portion of the coal gasification plant is made 
up of a combined-cycle turbine. This alternative was in
cluded to illustrate how insensitive these cost-effective
ness studies are to capital costs. 

Under the first alternative, at 3,000 megawatts of in
stalled energy, net benefits drop nearly 20 percent. When 
coal capital costs are decreased, a larger impact is ob
served (since coal capital costs are much greater than tur
bine costs). Net benefits under the second alternative 
dropped 60 percent. Finally, when both changes occur, net 
benefits decrease by over 75 percent. 

24. Economic Insight, Inc., and Arion R. Tussing Associates, 
Inc., Portland: Future Natural Gas Cost and Availability in the 
Pacific Northwest, January 29, 1990. It is available to interested 
parties as Council publication number 90-4. 
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As the case with the gas price uncertainty, however, 
even though the net benefits drop significantly, combined
cycle turbines are still cost-effective compared to coal gas
ification plants at least up to 3,000 megawatts of installed 
energy. Again, we are well beyond the Council's limit im
posed because of gas supply uncertainties. 

Capacity Factors 

Capacity factors represent the amount of energy that 
a plant produces in a specific period compared with the 
amount it was theoretically capable of producing. It is a 
quick check on whether the operation, particularly of tur
bines, is being modeled appropriately, since the historical 
monthly availability of nonfirm to displace the turbines is 
well known. Figure 8-22 shows the incremental capacity 
factors, as a function of installed energy, for the com
bined-cycle and coal gasification plants. The capacity fac
tors indicate that the modeling is quite conservative with 
respect to the benefits of turbines. The increase in capac
ity factor for the turbines as the total installed amount of 
turbines increases is a reflection of the decreasing avail
ability of nonfirm to displace them. Figure 8-23 shows the 
average monthly capacity factor for the two plant types. 
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The System Analysis Model contains a provision for 
modeling the impact of sales by BC Hydro on Northwest 
operations and California sales. In the draft plan, BC Hy
dro had very little impact on the operation of combined
cycle turbines. N onfirm energy from BC Hydro did not 
displace Northwest combined-cycle plants, although it did 
displace simple-cycle turbines. Given the Council's cur
rent set of assumptions about gas prices, studies show that 
BC Hydro nonfirm energy will displace the operation of 
Northwest combined-cycle turbines. This is the primary 
reason that the capacity factors shown in Figures 8-22 and 
8-23 are lower for combined-cycle plants than they were 
in the draft plan. If the interaction of BC Hydro were dis
continued, the capacity factors for the combined-cycle 
turbines would be more like those in the draft plan. This 
effect can be seen in Figure 8-24. Even under that scenar
io, which is plausible, combined-cycle turbines would still 
be cost-effective compared to coal gasification plants. 

525 



CHAPTERS GENERATING RESOURCES 

Capital 700 
-- -- -- Base --20% Increase .....-

Cost 600 -------- 25% Increase .....-
------ 30% Increase / 

Effects / 
/ 

500 .....-.....-
,,-.,, / VJ 
~ 

.9 400 / 8 
s (' 
'-' 
VJ 300 I Figure 8-22 
I-; 

~ 

Effect of Turbine 0 I 0 200 
Capital Cost on I 
Cost-Effectiveness 100 I 

0 
0 500 1,000 1,500 2,000 2,500 3,000 

Installed Megawatts 

Capital 50 

45 Cost 
Effects 

,,-.,, 40 -~ 
Q.) 

35 (.) 
I-; 
Q.) 

Ci 30 Q.) 
VJ 
ro 
Q.) 25 I-; 
(.) 

~ - 20 Figure 8-23 -r.n 
0 

Optimum Turbine u 15 
'E1 Megawatts per ·15. 

10 ro 
Capital Cost Increase u 

5 

0 
0 500 1,000 1,500 2,000 2,500 3,000 

Optimum Megawatts 

526 1991 NORTHWEST POWER PLAN-VOLUME II 



GENERATING RESOURCES CHAPTERS 

Capital 
Cost 
Effects 

2,400 -~.:::.:::.:::.:::.:::.:::.:::.:::::::::::::::======,----------,,,,-:: 
20% Increase ,,.,, 

Figure 8-24 

2,100 

1,800 

';;;' 1,500 
t::: 
.9 
:5 1200 s ' 
'-' 

~ 
~ 900 
0 
Q 

600 

/ 
/ 

10% Increase ,,.,, 
Base / 

/ 
/ 

/ 
/ 

/ 
/ 

/ 
/ 

/ 

/ 
/ 

/ 
/ 

/ 
/ 

,,,,, 
/ 

/ 

Effect of Coal 
Capital Cost on 
Cost-Effectiveness 

/ 
/ , 

/ , , 
/ ,' 

/,, 
300 /,' 

/, 
/,' 

o-li':'.'.:.._--,----,-----,------,---,---, 

0 

Other Issues 

Direct Service Industry Top Quartile 
Service 

Combustion turbines can compete with the direct ser
vice industry top quartile in two ways. First, the borrowing 
techniques that serve the top quartile in the fall also can 
be used to displace turbines if adequate backup, analogous 
to the third quartile curtailment right, is available. This 
backup could be in the form of extra turbine capacity, that 
could be run to bring reservoirs back up to the level they 
would otherwise have reached without the borrowing, in 
the event there is no nonfirm energy in the spring. This 
operation of turbines ahead of industry service is prohib
ited to Bonneville under its power sales contracts, but 
does not apply to the non-federal utilities using their own 
portions of the hydro system. These studies did not in
clude this kind of operation for the turbines, since they 
appear to be cost-effective without it. 

The second potential conflict is in priority of access to 
nonfirm in the period following January. There may be an 
argument about the interpretation of the direct service_ 
industry power sales contracts on this point, if the turbmes 
are owned by Bonneville. On the other hand, the priority 
in this period is likely to make much less difference, be
cause there generally is either enough nonfirm to meet 
both requirements, or not enough to meet either. The 
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number of times in which turbines and the top quartile 
could compete for nonfirm is much smaller in the period 
after January than before it. In any case, the studies gave 
priority access to nonfirm to the industries in this per!od_ . 
as well. The intention of the studies was to have no s1gnif1-
cant impact on service quality to the direct service indus
tries' top quartile. 

Impact on California Sales 

When the Northwest uses nonfirm to displace tur
bines, it reduces sales to California. But when the nonfirm 
displaces Northwest coal plants, these plants are still avail
able to generate energy for the California market, where 
they, in tum, displace gas generation. The nonfirm reve
nue that is forgone when turbines, instead of coal plants, 
are used in the Northwest is part of the cost of the tur
bines, and is accounted for in the study results. Figure 
8-25 shows California sales with combined-cycle turbines 
compared with a base case having no new loads or re
sources. It also shows the effects on top quartile service, 
discussed above. 
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Increased reliance on turbines in the Northwest would 
shift environmental impacts between the Northwest and 
other areas that supply energy to California. Use of hydro 
energy to shut down turbines in the Northwest would re
duce air quality impacts in the Northwest, compared to a 
coal plant scenario in which Northwest coal plants run to 
meet nonfirm markets in California. It would, however, 
tend to increase air quality impacts in California or in the 
Southwest, which is the primary alternative supplier of 
displacement energy to California. 

Hydro System: 
Water Budget Flows and Refill 

The Council also reviewed the effects of turbine oper
ation on water budget flows and ability of the system res
ervoirs to refill. There was no impact on water budget 
flows or refill. No impacts would be expected, since flow 
levels under the Columbia River Basin Fish and Wildlife 
Program are considered hard constraints on the hydroelec
tric system. 

One of the reasons that firming the Northwest's non
firm makes economic sense compared to building coal 
plants is because the nonfirm revenue from California is 
often limited to Bonneville's standard nonfirm rate, a rate 
that is forecast to stay constant or decline in real terms, 
though the price of gas is forecast to increase in real 
terms. Thus, over time, more money could be saved by 
using nonfirm to displace gas generation serving North-

528 

500 

-------------

1,000 1,500 2,000 2,500 3,000 

Installed Megawatts 

west loads than could be earned using it to displace gas 
generation serving California loads. 

The Council recognizes that this increased value also 
increases the incentive of system operators to shape hy
dropower system operation to maximize the displacement 
of the gas generation. The Council has begun a review of 
the water budget and will change it if it is determined to 
be inadequate. The Council expects the flow levels in the 
Columbia River Basin Fish and Wildlife Program, or any 
flow levels determined to be appropriate under the En
dangered Species Act, to be firm constraints on hydropow
er system shaping. If the Council determines that future 
resource operation is posing problems for implementation 
of the flow levels, the Council will impose further con -
straints through fish and wildlife program amendments. 

Additional flows that cannot be shaped to power oper
ations, such as the water budget, may be required to meet 
fishery requirements, either in the spring migration season 
or in other times of the year. These flow requirements, by 
converting firm hydro energy to nonfirm energy, increase 
the potential value of turbines compared to coal plants 
because they increase the amount of time, on average, 
that the turbines can be displaced. The more nonfirm that 
is available on the system, particularly if it is available in 
seasons and water conditions in which it was not previous
ly available, the more cost-effective a given megawatt lev
el of turbine capacity becomes and the higher that level 
will go. 
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Recent Studies by Others 

Bonneville also completed a study of this issue, lead
ing to the inclusion of up to 1,500 megawatts of firming 
resources in its 1990 Resource Program. That study, like 
the Council's, was done by comparing simple-cycle and 
combined-cycle turbines with coal plants. However, in 
practice, Bonneville believes that about 500 megawatts of 
the 1,500 could come from contracts with extra-regional 
utilities, while the remaining 1,000 megawatts should 
come from combined-cycle turbines. 

Bonneville's studies did not use coal gasification 
plants and looked only at the federal system, so they com
pared plants with federal financing, displaced only by fed
eral nonfirm. Bonneville has about two-thirds of the 
region's nonfirm. Its study examined varying amounts of 
turbine capacity only up to 1,500 megawatts. All else 
equal, the Bonneville studies imply approximately 50 per
cent more turbine capacity is cost-effective for the region 
as a whole than for Bonneville, based on nonfirm avail
ability alone. Differences in financing costs also should 
make a difference, since the Council's study assumed in
vestor-owned utility financing at higher costs than the 
federal financing assumed by Bonneville, and capital costs 
affect coal plants disproportionately to turbines. 

The Bonneville studies are generally consistent with 
the Council study, although the Council study found larg
er benefits for turbines at comparable megawatt levels. 
Since the two studies were done with different models and 
methods, and compared turbines to a different, less ex
pensive coal plant, it is difficult to compare the results 
precisely. 

Risk Management Strategies 

Water and gas prices are not the only risk factors for 
the region, particularly when the focus is on net revenues. 
A utility such as Bonneville, which has primarily fixed 
costs, is more vulnerable to load and sales variability than 
it would be to cost variability. This became clear over the 
mid-1980s, when the overriding problem Bonneville faced 
was its ability to maintain its treasury payments when it 
was constrained in its ability to raise rates by elasticity con
siderations for direct service industry and California sales. 

Low aluminum prices and, later, low California gas 
prices simply did not allow Bonneville to recover the costs 
it had intended to recover from sales to the direct service 
industries and to California. If more of its costs had been 
variable with sales, the costs would have dropped with the 
sales. Instead they remained constant in the face of de
clining sales and forced the prospect of having to raise 
rates as sales were declining, which led to concerns about 
a "death spiral" of ever-increasing rates and decreasing 
sales. Thus, it is clear from our recent experience that 
load and sales uncertainty are as important for analysis of 
turbines as water and gas price uncertainty. 
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While raising rates in the face of unexpectedly high 
costs from year to year is not an attractive prospect for 
either utilities or their customers, raising rates has a built
in feedback effect that can mitigate the problems with net 
revenues. As rates are increased, short-term sales will 
decline, and with them, the high short-term costs that are 
the problem. 

Moreover, because utilities need to be able to meet 
loads at the peaks of business cycles as well as in the 
troughs of the cycles, weather-adjusted loads are likely to 
be highest at the times when the region's economy is at its 
healthiest. These are the times when rate increases have 
their smallest effect on the region's consumers. When the 
economy is suffering, loads also are likely to be down, and 
some generating plants are likely to be surplus. If high gas 
prices occurred at this time, the rate effects would be 
smaller, because the turbines would be less likely to be 
running to meet load. 

Northwest Institutional Issues 

The institutional issues affecting these strategies to 
back up nonfirm in the Northwest revolve around the 
ownership of the nonfirm and the ownership of the tur
bines and other Northwest displaceable thermal plants. 
Approximately two-thirds of the nonfirm is generated on 
the Bonneville system. All the existing high-cost thermal 
plants are on the systems of investor-owned utilities, with 
one exception. The settlement agreement in the lawsuit 
over completion of Washington Public Power Supply Sys
tem Nuclear Project 3 (WNP-3) provides for the operation 
of some of the investor-owned utility turbine capacity at 
Bonneville's expense, if needed to meet Bonneville's obli
gations under the settlement. Thus, the investor-owned 
utilities have an interest in Bonneville nonfirm being 
available at relatively low prices to displace their higher 
cost thermal plants. At the same time, the non-generating 
public utilities and direct service industries have an inter
est in Bonneville's nonfirm being priced relatively high, 
whether sold in the Northwest or in California, in order to 
help hold down Bonneville rates. 

Further, any development of turbines by Bonneville 
would mean that the highest valued use of Bonneville's 
nonfirm would be to displace its own resource rather than 
any investor-owned utility resource. These considerations 
can make it more risky for an investor-owned utility to 
consider turbines as a long-term resource choice than it 
would be for Bonneville, even considering the nonfirm 
available on the investor-owned utility systems. This prob
lem might be mitigated through investor-owned utility 
load placement on Bonneville associated with turbine ac
quisition by Bonneville. However, the details would likely 
be subject to disagreement between public and private 
entities, depending on circumstances. 
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Other Turbine Resource Values 

Combined-cycle turbines have another value that is 
not directly related to their value in firming nonfirm ener
gy to meet firm loads. This is their value in backing up 
other resources that might have uncertain output. For in
stance, to the extent that the Council considers a range of 
uncertainty in each resource's availability, use of turbines 
could be combined with lower estimates of availability, to 
guarantee the amount of firm output available using ex
pected values for the resource. This might be particularly 
appropriate for resources, such as conservation, where the 
difference between minimum and expected estimates is 
due to disagreements and uncertainties about financial 
assistance, program design issues, and consumer or utility 
willingness to participate. 

Another value, not considered previously by the 
Council, is the value of peak, or capacity, reserves. While 
the Northwest is generally considered to be capacity sur
plus, there are areas, such as the Puget Sound area, where 
capacity problems are more likely than for the region as a 
whole, because of transmission constraints. Combustion 
turbines are one of the alternatives to additional transmis
sion lines that are being considered by Bonneville for 
avoiding potential problems meeting load in the Puget 
Sound area. 

Non-Treaty Storage Agreement 

One issue that was raised during comment on this 
study has to do with the effect of the Non-Treaty Storage 
Agreement between Bonneville and BC Hydro on the 
availability of nonfirm energy and turbine displacement. 
The general effect of the new agreement, which would 
expand and extend in time an existing agreement, would 
be to convert approximately 300 megawatts of nonfirm 
energy to firm energy, with half the benefit going to each 
party. It was suggested that any amount of firming of 
Northwest nonfirm that is proposed in this plan and which 
is based on data and studies that do not take a new agree
ment into account, should be reduced by the amount of 
nonfirm that would be firmed as a result of the new agree
ment. 

Although this proposal has not been analyzed using 
the Council's computer models, it does not appear to be 
correct. Implementation of the new agreement would gen
erally only affect storage of the last increments of non
firm, which would otherwise be spilled or sold in 
low-valued markets, for use in periods in which there is 
little to no nonfirm available. This operation is also done 
because storage (which changes flow patterns) of only 
these last increments of nonfirm would have minimal or 
insignificant effects on the flows for fish. Uses of nonfirm 
for meeting direct service industry loads and displacing 
turbines, on the other hand, represent the first increments 
of nonfirm use. It would appear that the only effect of the 
new agreement would be to reduce the availability of non-
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firm energy to California, as it is put to higher-valued 
uses. 

Alternatives to Combustion Turbines 

Combustion turbines were used as the basis of this 
analysis because they represent a conservative, well
known technology. There may be a number of alternative 
back-up resources that could be used in conjunction with 
nonfirm energy to meet additional firm loads. For exam
ple, Bonneville has indicated in its 1990 Resource Program 
that it believes that 500 megawatts of backup could be 
available from extraregional purchase arrangements. 

Also, Northwest utilities currently have declared only 
about 400 megawatts of energy to be available from exist
ing simple-cycle and combined-cycle turbines. However, 
the total capacity of these plants is almost 1,500 mega
watts. Using the Council's assumptions for plant operating 
availability, these plants could produce more than 1,260 
megawatts of energy, three times their declared level. 
Current limitations are based on existing fuel contracts, 
site-specific limitations and utility operating desires. How
ever, this extra in-region capability potentially could be 
part of the new combustion turbine energy this plan de
scribes as cost-effective. 

There are other alternatives for using the nonfirm, 
which would have somewhat different effects from those 
studied in this paper. Increasing the interruptible portion 
of the direct service industry load would not be a directly 
comparable alternative, because it would not meet the 
same load with the same degree of reliability. However, it 
does represent an alternative use of nonfirm energy that 
might be explored. 

Additional Direct Service Industry 
Interruptibility 

One method for making additional in-region use of 
nonfirm energy is by increasing the amount of nonfirm 
load served by the regional utilities. The Council ex
amined this issue by looking at converting additional firm 
direct service industry load to nonfirm service. This allows 
Bonneville to reduce its firm resource acquisitions by the 
amount of the converted load. These savings are offset by 
lost nonfirm revenues from outside the region, as the non
firm is used instead to serve the new regional nonfirm 
load, and by an imputed curtailment cost when that load 
cannot be met. 

Figure 8-26 summarizes the results of the study. Con
versions of additional 500-megawatt increments of firm 
load were examined, up to 1,500 additional megawatts. 
The figure shows the net reduction in system costs due to 
the conversions for the total region and for the three 
groups of utilities separately identified in the Council's 
decision model. These three groups are Bonneville, in
cluding the non-generating public utilities and the direct 
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service industries; the generating public utilities; and the 
investor-owned utilities. 

The study was set up to reach the full conversion level 
in 2001, the date the current contracts expire, with a uni
form ramp-up to that level over the preceding five years. 
The ramp simulates a planned conversion and eliminates 
most of the overbuilding of resources due to lead times 
longer than the duration of the ramp. However, loads 
were converted at the same dates in all load cases, so in 
the lower load cases, firm surpluses were created or ex
tended to where they would not have been had the con
version been negotiated as a scheduled resource. 

Because of these provisions for scheduling the conver
sion from firm loads to nonfirm loads, these studies are 
not directly comparable to the previously described Coun
cil studies examining the cost-effectiveness of gas combus
tion turbines and combined-cycle plants. The earlier 
studies compared coal plants to gas generation, when they 
were needed to meet load. These studies compare using 
available nonfirm to meet loads with scheduling whatever 
resource is next in the priority list to meet additional 
loads. In these studies, sometimes the comparison is with 
coal plants, sometimes with cheaper, higher-priority re
sources and sometimes with no acquisition alternative at 
all as, for example, in the low load cases where additional 
resources are not needed. 

The study examines only the value to the non-direct 
service industry customers of the region. The costs to 
these customers are represented by two quantities. The 
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first is lost extraregional sales, as the nonfirm is diverted 
to interruptible load service rather than extraregional 
sales. Secondly, in those water conditions in which insuffi
cient nonfirm energy is available, the interruptible load is 
curtailed and a cost of 2.5 cents per kilowatt-hour in real 
terms is imputed as a cost to the remaining customers. 
This can be taken as a surrogate for the lost Bonneville 
revenue due to curtailment of the load. No cost was di
rectly ascribed to the direct service industry customers 
either for replacement power or for lost production or 
wages. 

The study results, summarized in Figure 8-26, show 
that the regional benefits increase to about 1,000 mega
watts of additional nonfirm load, and then flatten out, 
with a relatively small increase in benefits between 1,000 
and 1,500 megawatts. This occurs because the benefits to 
Bonneville decline above about 1,000 megawatts. Since 
the study was only done in 500-megawatt increments, the 
actual peak may be somewhat higher or lower than 1,000 
megawatts. The extra 1,000 megawatts of interruptible 
load correspond to about 25 to 30 percent more than one 
additional quartile of interruptible load. While this study 
focused on direct service industry loads, similar results 
would likely be seen if other firm loads were converted to 
nonfirm loads under similar service provisions. 

Capacity 
Factor 

100~-------------------~ 

Figure 8-26 
Incremental Capacity 
Factor per Amount 
of Installed 
Megawatts 
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Extraregional Exchanges 

Extraregional exchanges represent another means by 
which the Northwest could make better use of its nonfirm 
energy. The most valuable type of exchange is one that 
the Council has encouraged in the past-capacity-energy 
exchanges-in which summer capacity is sold to the 
Southwest or California in exchange for energy to be de
livered to the Northwest in the event of low water condi
tions. 

Capacity-energy exchanges with California or desert 
Southwest utilities offer the opportunity to back up North
west nonfirm hydro energy while avoiding concerns about 
limited pipeline transmission capacity in the Northwest. 
This is because the gas market in California is almost six 
times larger than that in the Northwest, and California 
already has a large amount of gas generation in place. 
Moreover, there is off-peak coal energy available from the 
Southwest that would be even cheaper than California gas 
backup. This type of exchange is particularly valuable be
cause it brings net energy into the region; simple summer 
and winter capacity exchanges leave the region's energy 
balance the same after the transaction as before. 

Additional unshapeable fishery flows might be re
quired by the Council's fish and wildlife program or the 
Endangered Species Act. The Council also encourages 
storage or exchange transactions that would allow the 
Northwest to extract the highest economic value from in
creases in nonfirm energy availability resulting from these 
flow requirements. Return of storage or exchange energy 
should be timed so that it does not interfere with whatev
er flow requirements are in effect at the time by reducing 
the need for Northwest hydro generation. 

Methodology 

The cost-effectiveness of individual resources can 
only be determined by considering how they integrate with 
the entire system. Cost-effectiveness is relative, that is, a 
resource is cost-effective if it produces power at an "in
cremental system cost" less than another resource. As was 
done for previous power plans, the cost-effectiveness of 
gas-fired generation was determined by comparison to the 
region's assumed marginal resource, a coal plant. 

The System Analysis Model (SAM), used for the anal
ysis, simulates the operation of the region's power system 
to meet loads. For this nonfirm strategies analysis, a com
parison was made between two systems, one that met load 
growth with coal gasification plants and the other, that 
met load growth with combined-cycle combustion tur
bines. Total system costs were compared to compute net 
benefits. The comparison included the benefits of current 
uses of nonfirm power. This analysis was done for differ
ent levels of installed new resource energy in order to de
termine the most cost-effective amount of combustion 
turbine energy to include in the resource mix. 
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Aside from the resources used for comparison (com
bustion turbine and coal gasification plants) only existing 
thermal resources were used, along with a set of loads 
that yielded a balanced load resource condition through 
the end of the study period. To perform the analysis, an 
arbitrary increase to loads was made in September 1999. 
This incremental load increase was met by the installation 
of an equal amount of coal energy in one case and com
bustion turbine energy in a second case. Comparisons 
were based on the present value of net revenue require
ments for both cases. This comparison was made for load 
increases up to 4,000 average megawatts in increments of 
1,000 megawatts. Resources used to meet these load in
creases were constructed to exactly match the load 
growth. 

Conservation and renewable resources were assumed 
to increase over time to a level of about 1,900 average me
gawatts by the year 2011. That corresponds to the level of 
development for a medium growth scenario. Existing re
sources include about 400 average megawatts of combus
tion turbine energy. New thermal resources were assumed 
to be built by investor-owned utilities. No real escalation 
was assumed for capital cost. 

Nonfirm energy from BC Hydro was assumed to be 
available for displacement of Northwest resources. The 
model also simulates the California nonfirm market. Firm 
exports and imports are taken into account as are the lim
its of the interties between regions. 

In this analysis, an end-effect problem exists due to 
the assumed lives of the two resources being compared. 
Because the new resources were assumed to be built in 
September 1999, their operation would extend 18 years 
beyond the study horizon in SAM. This required that the 
simulation continue beyond the study horizon period, nor
mally 20 years. 

Unfortunately, SAM can only simulate to a maximum 
of 20 years. To perform the simulation beyond the 20-year 
study horizon, the AFTERSAM model was used. Unlike 
SAM, this model performs a deterministic simulation of 
the Northwest's power system. It does provide, however, a 
good approximation to the simulation in SAM. AFTER
SAM computes capital costs, production costs and curtail
ment costs as well as secondary revenues for each 
post-study horizon year. It models the California nonfirm 
market, but, as yet, does not include a model of the BC 
Hydro nonfirm availability. 

Using this end-effect model, all operating year costs 
were folded into one present-value net-revenue require
ment that represented a study horizon of 38 years. 

1991 NORTHWEST POWER PLAN-VOLUME II 



GENERATING RESOURCES 

Natural Gas and Fuel Oil Price Forecasts 

Natural Gas 

Natural gas may be purchased under either firm or 
interruptible delivery contracts, or purchased on the spot 
market. Delivery of firm ("contract") gas is guaranteed, 
but at a premium price compared to interruptible gas. The 
price differential is attributable to the cost of constructing, 
operating and maintaining the natural gas transmission 
and distribution system, and the cost of providing peak
period service. 

Under equilibrium conditions, the price of natural gas 
is set through the interaction of interruptible natural gas 
and residual fuel oil in the industrial boiler fuel market. 
The two fuels are generally interchangeable, and indus
trial users can purchase the least costly option. Therefore, 
the price of residual fuel oil caps the price of interruptible 
natural gas. Under conditions such as the current natural 
gas surplus, the price of interruptible gas may drop well 
below that of residual fuel oil. Firm gas prices are based 
on the same commodity charge as interruptible gas, but 
incorporate the additional fixed costs associated with guar
anteed delivery. Firm gas prices therefore generally follow 
interruptible gas price movements, but at a higher level. 

The Council's natural gas price forecasts are shown in 
Table 8-30 and fuel oil price forecasts in Table 8-31. Inter
ruptible gas prices follow residual fuel oil prices through 
the study period. Prices begin at $2.51 per million Btu in 
1990, and escalate over the planning period at an annual 
average rate of 3.5 percent. This is compared to 1.8 per
cent in the 1986 plan. One reason for the higher average 
rate of escalation in this plan are the lower gas prices ear
ly in the planning period. These resulted from the natural 
gas surplus of the late 1980s. 

Firm gas prices follow interruptible prices, but at a 
higher level, reflecting the additional costs of firm service. 
Prices begin at $3.82 per million Btu in 1990, with an over
all annual rate of escalation over the 20-year planning 
period of 2.1 percent. 

The Council has chosen the average of the firm and 
interruptible natural gas price forecasts to be conservative 
with regard to the cost of operating the turbines and be
cause the fuel could actually be supplied under any one of 
several scenarios mixing firm and interruptible gas, as de
scribed earlier in this chapter. This "hybrid" gas price se
ries begins at $3.16 in 1990 and escalates at an average 
annual rate of 2.7 percent over the 20-year planning peri
od. 

If the nationwide movement to increased use of natu
ral gas for thermal and electrical applications continues, 
natural gas prices may increase more rapidly than forecast. 
The cost of coal-derived synthetic gas may set a ceiling on 
natural gas prices for utility applications. 
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Distillate Fuel Oil 

Distillate (No. 2) fuel oil is used to fire boilers, sim
ple-cycle and combined-cycle combustion turbines, and 
diesel generators. It can substitute for natural gas in these 
applications, but under equilibrium price conditions gener
ally commands a premium price relative to natural gas, 
because it can be transported and stored more easily. For 
this reason, in the Pacific Northwest, utility use of distil
late fuel oil is limited to back-up and start-up fuels and 
for combustion turbine and reciprocating engine-genera
tor fuel where natural gas is not available at the plant site. 
It is expected that use of distillate as a utility fuel will con
tinue to be limited to those uses. 

If used as a back-up fuel, distillate purchases by utili
ties would be relatively small scale, and prices should be 
similar to those for other industrial sectors. Therefore, the 
proposed utility distillate fuel price series is based on the 
industrial oil price series prepared for the load growth 
forecasts. The distillate series is obtained by adding an 
estimated distillate premium to the crude price series un
derlying the regional average industrial oil price forecasts. 

The Council's fuel oil price forecasts are shown in 
Table 8-31. Distillate prices are forecast to begin at $4.87 
per million Btu in 1990. This is much lower than the $5.70 
per million Btu (1985 dollars) used in the 1986 plan, due 
to the drop in crude oil prices in 1986. Following a slight 
decline through 1995, distillate prices are forecast to esca
late through the balance of the planning period. The aver
age annual rate of escalation over the 20-year period is 1.9 
percent, the same rate forecast in the 1986 plan. 

Residual Fuel Oil 

Residual (No. 6) fuel oil is used to fire boilers in the 
utility sector. Because it can substitute for natural gas in 
boiler applications, it is the principal link between natural 
gas prices and fuel oil prices. 

There are few natural gas or oil-fired utility boilers in 
the Pacific Northwest. Because of limited future use, util
ity residual fuel oil prices are likely to be similar to those 
for other industrial sectors. Ine proposed series of residu
al fuel prices is therefore the same as the regional average 
industrial residual fuel price series. Prices begin at $3.15 
per million Btu, and decline slightly through 1995, shown 
in Table 8-31. Beginning in 1996, real prices begin to esca
late through the end of the study period. The average an
nual rate of escalation through the 20-year study period is 
2.4 percent. This escalation rate is greater than that of 
distillate fuel oil, because it is anticipated that improved 
refining technology and increasing demand for lighter pe
troleum products will, over time, reduce the availability of 
heavy products, such as residual oil. Also, the near-term 
price of residual oil is lower than that of distillate, so an 
equivalent price increase results in a greater rate of esca
lation. 
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Table 8-30 
Natural Gas Price Forecast (1990 Dollars) 

Heat Value 1,021 Btu/SCF (HHV)a 1,021 Btu/SCF (HHV)a 1,021 Btu/SCF (HHV)a 

Delivery Pacific Northwest Site Pacific Northwest Site Pacific Northwest Site 

Transport Pipeline Pipeline Pipeline 

Contract Interruptible Firm Hybrictb 

Variable Cost ($/MMBtu) 

• 1990 $2.51 $3.82 $3.16 

• 1991 $2.53 $3.78 $3.16 

• 1992 $2.55 $3.75 $3.15 

• 1993 $2.58 $3.71 $3.14 

• 1994 $2.60 $3.71 $3.16 

• 1995 $2.63 $3.68 $3.15 

• 1996 $2.87 $3.91 $3.39 

• 1997 $3.13 $4.14 $3.63 

• 1998 $3.41 $4.37 $3.89 

• 1999 $3.73 $4.60 $4.16 

• 2000 $4.07 $4.90 $4.48 

• 2001 $4.18 $4.98 $4.58 

• 2002 $4.30 $5.13 $4.72 

• 2003 $4.43 $5.24 $4.83 

• 2004 $4.55 $5.38 $4.97 

• 2005 $4.68 $5.52 $5.10 

• 2006 $4.75 $5.57 $5.16 

• 2007 $4.81 $5.62 $5.22 

• 2008 $4.88 $5.70 $5.29 

• 2009 $4.95 $5.73 $5.35 

• 2010 $5.02 $5.83 $5.42 

Average Annual Escalation (1988-2007) 3.5% 2.1% 2.7% 

a HHV - Higher Heat Value. 

b Fifty percent firm, 50 percent interruptible. 
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Table 8-31 
Fuel Oil Price Forecast (1990 Dollars) 

Fuel Type 

Heat Value 

Delivery 

Transport 

Purchase 

Variable Cost ($/MMBtu) 

• 1990 

• 1991 

• 1992 

• 1993 

• 1994 

• 1995 

• 1996 

• 1997 

• 1998 

• 1999 

• 2000 

• 2001 

• 2002 

• 2003 

• 2004 

• 2005 

• 2006 

• 2007 

• 2008 

• 2009 

• 2010 

Average Annual Escalation (1988-2007) 

a HHV - High Heating Value. 

Representative Gas-Fired Power Plants 

Plant operating data and cost assumptions were based 
on representative simple-cycle and combined-cycle power 
plants. 
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Residual Fuel Oil Distillate Fuel Oil 

Fuel Oil No. 6 Fuel Oil No. 2 

994 Btu/lb. (HHV)3 19,161 Btu/lb. (HHV)3 

Pacific Northwest Site Pacific Northwest Site 

Rail or Barge Rail or Barge 

Spot Spot 

$3.15 $4.87 

$3.11 $4.87 

$3.07 $4.77 

$3.03 $4.77 

$2.99 $4.66 

$2.96 $4.66 

$3.15 $4.87 

$3.37 $5.09 

$3.59 $5.42 

$3.83 $5.63 

$4.09 $5.96 

$4.20 $6.07 

$4.32 $6.28 

$4.45 $6.39 

$4.58 $6.50 

$4.71 $6.72 

$4.77 $6.72 

$4.84 $6.82 

$4.90 $6.93 

$4.97 $7.04 

$5.04 $7.04 

2.4% 1.9% 

Simple-Cycle Combustion Turbine 

The superior performance record for heavy duty units 
and their potential for conversion to more efficient com
bined-cycle configuration led the Council to choose 
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heavy-duty "industrial-grade" units as its representative 
combustion-turbine technology. However, other designs 
might be better suited for specific applications. For exam
ple, an aircraft-derivative, steam-injected unit might be 
the choice when later conversion to combined-cycle con
figuration was not expected. 

The General Electric MS7001F combustion turbine is 
the basis for the Council's estimates of representative 
combustion turbine cost and performance. This machine 
operates at higher combustion temperatures and therefore 
greater efficiency than earlier designs. The first MS7001F 
was recently delivered to Virginia Power as the first phase 
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of a possible gasification, combined-cycle power plant. 
Orders for additional units have been placed. 

Cost estimates are based on a hypothetical represen
tative plant consisting of twin combustion turbines in
stalled near Hermiston, in eastern Oregon. The plant 
includes site improvements, weather enclosure with over
head crane, a switchyard, a two-mile gas pipeline spur and 
10 miles of transmission line linking the unit with the grid. 
The lengths of gas pipeline and transmission line required 
for an actual installation are, of course, site-dependent. 

The representative combustion turbine cost, perform
ance and other planning assumptions are summarized in 
Table 8-32. 

Table 8-32 
Cost and Performance Characteristics of Natural Gas-Fired Power Plants (1990 Dollars) 

278-Megawatt Simple-Cycle 420-Megawatt Combined-Cycle 
Combustion Turbine Combustion Turbine 

Plant Configuration Two 139-Megawatt Units One 420-Megawatt Unit3 

Rated Capacity (MW/unit) 278 419 

Peak Capacity (MW/unit) 152 452 

Equivalent Annual Availability (%) 85% 83% 

Heat Rate (Btu/kWh) 11,480 7,620 

Siting and Licensing Cost ($/kW) $62b $4lb 

Siting and Licensing Hold Cost ($/kW/yr.) $2.50b $1.80b 

Construction Cost ($/kW)C $660b $766b 

Fixed O&M Cost ($/kW/yr.)d $2.20 $5.80 

Variable O&M Cost (mills/kWh) 0.2 0.4 

Siting and Licensing Lead Time (months) 43b 43b 

Construction Lead Time (monthsf 24£ 36 

Service Life (years) 30 30 

Reference Energy Costs (mills/kWh) 

• Levelized Real 6.2 4.7 

• Levelized Nominal (1990 in-service) 12.3 9.3 

NOTE: Further details regarding these cost and performance characteristics are supplied in Appendix 8-A 
a Two 139 megawatt GE MS7001 combustion turbines, one heat recovery steam generator and one 141 megawatt steam turbine-
generator. 
b Costs and schedule are those estimated for obtaining site and licenses for a "gasifier-ready" plant. Lead time and costs for a plant 
intended for natural gas use only would be shorter (see Appendix 8-A). 
C "Overnight" cost (excludes interest during construction). 
d Includes post-operational capital replacement and decommissioning costs. 
e Includes engineering, procurement and construction. 
f 1o first unit of two-unit project. 
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Combined-Cycle Combustion Turbine 

The General Electric STAG 207F combined-cycle 
plant is the basis for the Council's estimates of represen
tative combined-cycle combustion turbine cost and per
formance. This plant uses two MS7001F combustion 
turbines, one heat-recovery steam generator and one 
steam turbine generator. 

Cost estimates were based on a hypothetical represen
tative power plant consisting of twin combined-cycle 
plants also installed near Hermiston, Oregon. The plant 
includes site improvements, weather enclosure with over
head crane for the combustion turbines, water supply, 
cooling towers, a switchyard, a two-mile gas pipeline spur 
and 10 miles of transmission line linking the plant with the 
grid. Included in the cost estimates are land and facilities 
allowing the unit to be converted to coal gasification, if 
necessary. 

The cost, performance and other planning assump
tions for the representative combined-cycle combustion 
turbine are summarized in Table 8-32. 

Reference Energy Cost 

Reference levelized energy costs for the two represen
tative gas-fired power plants were calculated using the 
project development assumptions described in the intro
duction to this chapter. Because of the ability of these 
plants to supply dependable capacity, capital costs were 
amortized over the full equivalent availability. The result
ing levelized power costs are shown in Table 8-32. Note 
that these costs do not include the effects of possible dis
placement by nonfirm hydropower or other resources. Be
cause these plants are fully dispatchable, these plants 
could be displaced by any dispatchable resource having 
lower variable costs of operation. Because the variable 
operating costs of these plants, especially the simple-cycle 
combustion turbine, are relatively high, it is likely that 
they may be displaced by low cost nonfirm hydropower 
when available. Thus, the melded cost of the resulting 
power will be lower than the representative "stand-alone" 
costs in Table 8-32. 
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Planning Assumptions 

The base-case planning assumptions used for this re
source in subsequent resource portfolio analyses are sum
marized in Table 8-33. 

Conclusions 

The Council's study showed that, with expected gas 
prices, combined-cycle generation is more cost-effective 
than that from coal gasification plants, even when the tur
bines are running at full availability. However, this result 
is sensitive to gas prices. Under a high gas price scenario, 
combined-cycle turbines are no longer cost-effective at 
full availability. Under this scenario they are cost-effective 
only when used in conjunction with nonfirm hydro energy. 
Even in this case, Council studies show that at least 3,000 
megawatts of combined-cycle generation can be used to 
firm the Northwest's nonfirm energy cost-effectively com
pared to coal gasification plants. 

The future price and availability of natural gas are 
important issues. Based on public comment and the re
sults of a contractor's report on gas prices and availability, 
the Council has limited the amount of turbines in the 
portfolio to 1,000 megawatts before the year 2000 and to 
1,500 additional megawatts after that. 
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Table 8-33 
Hydrofirming Resource Planning Assumptions (1990 Dollars) 

Combined-Cycle 1 Combined-Cycle 2 

Total Capacity (MW) 1,260 1,680 

Total Firm Energy (MWa) 1,050 1,400 

Unit Capacity (MW) 420 420 

Seasonality Winter Peak Winter Peak 

Dispatchability Dispatchable Dispatchable 

Siting and Licensing Lead Time (months) 483 483 

Probability of Siting and Licensing Success (%) 75% 75% 

Siting and Licensing Shelf Life (years) 5 5 

Probability of Hold Success(%) 90% 90% 

Construction Lead Time (months) 36 36 

Construction Cash Flow (%/yr.)b 8/41/51 8/41/51 

Siting and Licensing Cost ($/kW) $41a $4!3 

Siting and Licensing Hold Cost ($/kW /yr.) $1.803 $1.803 

Construction Cost ($/kW) $7663 $7663 

Fixed Fuel Cost ($/kW/yr.) $0.00 $0.00 

Variable Fuel Cost (mills/kWh) 24.1 24.1 

Fixed OMR&D Cost ($/kW/yr.)C $5.80 $5.80 

Va1iable O&M Cost (mills/kWh) 0.4 0.4 

Earliest Service 1998 2000 

Peak Development Rate (units/yr.) 1 1 

Operating Life (years) 30 30 

Real Escalation Rates (%/yr.) 

• Capital Costs 0% 0% 

• Fuel Costs 2.8% (average) 2.8% (average) 

• O&M Costs 0% 0% 

a "Gasifier ready" site and plant design. 

b "Overnight" cost (excludes interest during construction). 
C Includes operation, maintenance, post-operational capital replacement and decommissioning costs. 
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Nuclear 

Nuclear power produces energy by the controlled fis
sioning (splitting) of isotopes of heavy elements such as 
uranium, thorium and plutonium. At its inception, com
mercial nuclear fission promised to be an economical, 
abundant and non-polluting source of electric power. But 
the commercial history of this technology has been 
troubled. Construction cost overruns, failure of many 
plants to perform reliably, catastrophic plant failures at 
Three Mile Island and Chernobyl, seemingly intractable 
problems with establishing a long-term, permanent high
level waste repository and escalating operation and main
tenance costs have diminished the promise of this 
technology. 

These factors have led to intense controversy regard
ing commercial nuclear power. No new plants have been 
ordered in the United States since 1978, and many orders 
placed before then were canceled. Nonetheless, as of 
mid-1989, 110 operable reactors, amounting to 97,182 me
gawatts of capacity, were licensed for commercial opera
tion in the United States. These plants produce about 20 
percent of the electricity consumed in the United States. 

Two commercial nuclear power plants are in service in 
the Pacific Northwest. The Trojan Nuclear Plant, located 
on the Columbia River near Rainier, Oregon, is a 
1,152-megawatt capacity pressurized water reactor plant 
that has been in service since 1976. This plant's expected 
production is 726 average megawatts of energy. Portland 
General Electric operates Trojan and owns 67.5 percent of 
the plant. Eugene Water and Electric Board owns 30 per
cent and Pacific Power and Light Company owns 2.5 per
cent. The output of the Eugene share is sold to 
Bonneville through a net-billing agreement. 

The Washington Public Power Supply System's 
(WPPSS) Nuclear Project 2 (WNP-2), located on the Han
ford Reservation in Eastern Washington, is a 1,095-mega
watt capacity boiling water reactor plant that has been in 
service since 1984. This plant's expected production is 711 
average megawatts of energy. WNP-2 is owned and oper
ated by the Supply System. The output (project capability) 
of WNP-2 is assigned to 94 consumer-owned utilities, 
which have re-assigned their shares to Bonneville through 
net-billing agreements. 

Eight additional commercial nuclear plants were at 
one time planned in the Northwest. Six were terminated 
when it became evident that their output would not be 
needed in the foreseeable future. Construction of two oth
ers, WNP-1 and WNP-3, was suspended when these 
plants were about 65 and 75 percent complete, respective
ly. These two plants have been maintained in a technical 
condition that would allow them to be completed if and 
when they are needed and if other non-technical issues 
can be resolved. 

The first part of this section deals with issues related 
to the WNP-I and WNP-3 plants. Status, preservation, 
completion and operational issues and planning assump-
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tions for these plants are discussed. The second part of 
this section deals with new technology for nuclear power. 
The final part discusses environmental concerns, such as 
air and water impacts and radioactive waste. 

Washington Nuclear Projects 1 and 3 
(WNP-1 and WNP-3) 

Status of WNP-1 

WNP-1 is a 1,250-megawatt capacity commercial nu
clear power plant located on the Hanford Reservation in 
Eastern Washington. It is anticipated that the plant would 
produce about 810 average megawatts of energy. The nu
clear steam supply system is of Babcock and Wilcox de
sign. This plant was a twin to the now-terminated WNP-4 
plant. The plant is owned by the Washington Public Power 
Supply System. The project capability is assigned to 115 
consumer-owned utility customers of Bonneville, which 
have re-assigned their shares to Bonneville through net
billing agreements. Construction and operation, if com
pleted would be the responsibility of the Washington 
Public Power Supply System. 

WNP-1 was scheduled for commercial operation in 
June 1986. In May 1982, the Supply System and Bonne
ville suspended construction. This decision was based on 
revised load forecasts showing lower electrical load growth 
than previously anticipated, and upon perceived difficul
ties in marketing bonds for continued construction financ
ing. The plant is estimated to be approximately 65 percent 
complete, based on construction man-hours required for 
completion. 

Status of WNP-3 

WNP-3 is a 1,240-megawatt capacity commercial nu
clear power plant located near Satsop in Grays Harbor 
County, Washington. It is anticipated that this plant would 
produce about 870 average megawatts of energy. The nu
clear steam supply system is of Combustion Engineering 
design. The power plant was a twin to the now-terminated 
WNP-5 plant. Seventy percent of the plant is owned by 
the Supply System. The project capability of the Supply 
System's ownership share is assigned to 103 consumer
owned utilities, which have re-assigned their shares to 
Bonneville through net-billing agreements. The remaining 
30 percent of the plant is owned by four investor-owned 
utilities. Under the terms of a settlement negotiated in 
response to a breach-of-contract suit filed by these inves
tor-owned utilities, Bonneville may acquire, at the cost to 
complete construction, the capability of the investor
owned utility share of WNP-3, subject to the provisions of 
Section 6(c) of the Northwest Power Act. 

WNP-3 was scheduled for commercial operation in 
December 1986. Construction was slowed in February 
1983. The slowdown was prompted by revised load growth 
forecasts showing lower load growth than previously esti-
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mated. In July 1983, because of the inability to continue 
marketing construction bonds, construction was suspended 
for three years or until financing was found to be avail
able. Construction has never been resumed. Construction 
is estimated to be approximately 75 percent complete, 
based on construction man-hours required for completion. 

Preservation Issues 

The plants and associated engineering, quality control 
and licensing documents have been preserved since sus
pension of construction, so that either plant could be com
pleted and operated. A long-term minimum-level 
preservation program is in effect for both plants. Current 
preservation program costs are about $5 million per year 
for WNP-1. WNP-3 preservation costs are about $5.5 mil
lion per year, exclusive of property taxes on the investor
owned utility portion of the plant.25 

Important issues affecting the continued ability to pre
serve the plants for future use include the ability to pre
serve the plants physically, the ability to continue to fund 
preservation, the ability to maintain permits and licenses 
required for future construction and operation, and other 
financial and policy concerns. 

Physical Preservation 

Prolonged suspension of construction could result in 
physical deterioration of plant structures and equipment. 
Such deterioration would increase construction costs to 
complete the plants because of the additional cost of reha
bilitation or replacement. In assessing the cost-effective
ness of WNP-1 and WNP-3 in the 1986 Power Plan, the 
Council concluded that the plants could likely be main
tained and that completion of the plants could be deferred 
until the end of the planning period (2006). This conclu
sion was based upon the satisfactory results of the preser
vation programs then in place. Although those 
preservation programs were not intended to support long
term preservation, key aspects of physical preservations
corrosion rates, for example-were well within acceptable 
limits for long-term preservation. 

Subsequent monitoring of the plants' physical condi
tion indicates little evidence of deterioration, leading the 
Council to conclude that the plants can apparently be 
physically preserved for an indefinite period. Some slow 
deterioration of equipment or structures will undoubtedly 
occur and this, combined with technical obsolescence of 
specific items of equipment, will likely slowly increase 
costs-to-complete. This cost escalation appears to be ade
quately covered by the capital cost escalator assumed for 
these plants in this plan. But, replacement of technically 
obsolete equipment, such as computer control systems, 
with state-of-the-art equipment should lead to improved 
plant performance. 
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Preservation Financing 

With preservation of the plants demonstrated, contin
ued preservation of the plants becomes largely a financial 
and political question. Annual preservation costs have 
been reduced to $5 million to $6 million per plant. Income 
from the unexpended WNP-1 construction fund covers 
the cost of that plant's preservation. Preservation funds 
for Plant 3 come from Bonneville rates. Lower preserva
tion costs than originally expected ( estimated annual pres
ervation costs were $12 million per plant when the 1986 
plan was prepared) appear to have reduced political pres
sure to terminate the plants and have eased the pressure 
on Bonneville to discontinue to preservation funding. 

Though continued preservation appears less conten
tious than it did in 1986, conflicting factors render difficult 
any assessment of the ability and desirability of preserving 
the plants through 2000. On one hand, the ability to pre
serve the plants physically has been demonstrated, and 
regional and Bonneville surpluses have declined. Con
cerns regarding global warming and its effects on the fu
ture viability of fossil-generated power are growing. These 
factors encourage continued preservation. On the other 
hand, there is continued opposition to nuclear power 
among many members of the public; little load growth 
among many Bonneville customers, the plant's owners; 
and no interest on the part of the investor-owned utilities 
to consider investments in large, new generating re
sources. Also, the operating record of the region's com
pleted nuclear plants is perceived by many to be mediocre. 
These factors weigh against continued interest in preserv
ing WNP-1 and WNP-3. 

Permits and Licenses 

Completion of construction and operation of WNP-1 
and WNP-3 would require maintenance of numerous per
mits and licenses. The principal permits and licenses in
clude the state site certification agreements, National 
Pollutant Discharge Elimination System permits, U.S. 
Army Corps of Engineers' waterways permits and the Nu
clear Regulatory Commission construction permits and 
operating licenses. The plants also require riverbed leases 
issued by the Washington State Department of Natural 
Resources. All are in effect except for the operating li
censes. 

25. Under the WNP-3 settlement, Bonneville is obligated to 
pay the property taxes that are due to Grays Harbor County on 
the 30 percent share of WNP-3 held by investor-owned utili
ties. Beginning with the 1988 assessment, the property taxes 
were increased substantially, to an annual sum of about $5 mil
lion. At Bonneville's direction, the four investor-owned utilities 
are challenging the county's assessment. 
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Numerous state and local permits and licenses are 
subsumed within the Site Certification Agreement, which 
is the certification that results from the State of Washing
ton's "one-stop" licensing process. Site certification 
agreements are issued by the Washington State Energy 
Facility Site Evaluation Council to authorize the construc
tion and operation of large power generating facilities. 
The site certification agreements remain in effect for 
WNP-1 and WNP-3, with conditions permitting operation 
as originally planned. 

The National Pollutant Discharge Elimination System 
(NPDES) permit governs the discharge of waste waters 
from the plant. This permit is issued by the state of Wash
ington, and must be renewed every five years. When the 
1986 plan was being prepared, a concern was raised that 
the NPDES permits had characteristics of water rights and 
that, in the case of WNP-3, competing beneficial uses of 
water could preempt the rights conferred by this permit. 
In 1986, the Supply System applied for, and was granted, 
normal five-year extensions to the NPDES permits for 
both WNP-1 and WNP-3. It appears that the NPDES per
mits can continue to be renewed. 

The Supply System holds riverbed leases from the 
Washington Department of Natural Resources for water 
withdrawal and discharge structures for WNP-1 and 
WNP-3. One lease, expiring in 2005, is held for WNP-1. 
Four riverbed leases are held for WNP-3. These expire in 
July and August 2000 and in May 2005. It appears that 
these leases can be renewed in accordance with the right
of-renewal provisions in the leases. 

The Supply System has obtained permits from the 
Corps of Engineers for construction and maintenance of 
cooling water intake and discharge structures. These struc
tures are complete, and it is not expected that additional 
permits from the Corps of Engineers will be required. 

The U.S. Nuclear Regulatory Commission issues a 
construction permit for the construction of commercial 
nuclear power plants, and an operating license for their 
operation. The construction permit for WNP-3 was issued 
in April 1978. The construction permit for WNP-1 was 
issued in December 1975 and was extended to June 1991. 
More recently, the Nuclear Regulatory Commission has 
established a policy for extended construction delays. The 
current preservation programs for WNP-1 and WNP-3 
comply with this policy. Because of the extended construc
tion delay for WNP-3, the Supply System, in 1988, was 
granted an extension of the WNP-3 construction permit to 
July 1999. Based on the recent extension of the construc
tion permit for WNP-3 to 1999, a similar extension to the 
construction permit for WNP-1 is expected prior to its 
expiration in 1991. 

In July and August 1982, the operating license applica
tions for WNP-1 and WNP-3, respectively, were accepted 
for docketing by the Nuclear Regulatory Commission. Op
erating licenses are issued prior to commercial operation, 
for a term of 40 years. Unlike earlier practice, when the 
term for the operating license ran from receipt of the con-
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struction permit, the term, which is still 40 years, now 
commences with commercial operation. 

There is reason to believe that both WNP-1 and 
WNP-3 could receive their operating licenses under cur
rent licensing requirements, although this is not assured. 
When preparing the most recent cost-to-complete esti
mates in 1984, the Supply System reviewed pending Nu
clear Regulatory Commission regulatory actions that 
might require design changes prior to issuance of the op
erating licenses. The costs of these design changes were 
incorporated into the cost estimates. More recently, an 
assessment of possible additional seismic requirements at 
WNP-3 has been completed, with the conclusion by the 
Supply System that the current design of WNP-3 is seism
ically adequate. In May 1989, the Supply System again re
viewed the costs-to-complete, identifying changes in 
regulatory requirements that might affect costs. These 
requirements are believed to increase costs-to-complete 
by about 10 percent. Because the designs of these plants 
are essentially the state-of-the-art for nuclear plants, 
even though designed in the mid-1970s, it is likely that the 
most significant uncertainty associated with receiving op
erating licenses is not whether the licenses would be 
granted, but rather what the cost may be for implementing 
currently unplanned design changes required for that li
cense. The capital cost escalation rate assumed for 
WNP-1 and WNP-3 in this plan is intended to capture 
these unknown, but, probable, cost increases. 

Completion Issues 

WNP-1 and WNP-3 have no value as regional power 
sources unless the plants can be completed and operated. 
Resumption of construction requires resolution of a num
ber of major issues. But, in view of the favorable experi
ence with improved construction management procedures 
implemented prior to suspension of WNP-3 construction, 
if resumed, construction should go more smoothly than in 
the past. 

Important legal hurdles affecting the feasibility and 
time required to resume and complete construction are 
discussed below. Following this discussion, several addi
tional issues affecting construction are addressed. 

There are two myths surrounding the possible restart 
of WNP-1 and WNP-3. The first is that the legal hurdles 
are trivial, and construction can be resumed anytime, just 
as soon as the contractors can be remobilized. While this 
might have been true for the first 12 to 15 months after 
construction was suspended, it is no longer true. Restart 
of construction on WNP-1 and WNP-3 now will require 
the resolution of several tough, and probably somewhat 
lengthy, legal issues. 

The second myth is that the legal hurdles for WNP-1 
and WNP-3 are much more difficult than those for other 
resources. This is not so. The level of legal difficulty in
volved in getting WNP-1 and WNP-3 up to the point that 
construction can resume is not trivial, but neither is it triv-
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ial to site a new coal-fired power plant. While there are 
some unique issues, a major legal hurdle for WNP-1 and 
WNP-3 is one common to all large projects-an environ
mental impact statement. 

Failure to resolve these major issues could prevent 
construction from resuming on WNP-1 and WNP-3. But 
none of the issues, viewed individually, appears to be in
surmountable, although they may prove very difficult to 
resolve. 

Environmental Impact Statement (EIS) 

Whenever a federal agency is preparing to take a ma
jor action that could significantly affect the environment, 
it is required to prepare a statement of the environmental 
consequences and alternatives to the proposed action. A 
decision to resume construction on either WNP-1 or 
WNP-3 after a shutdown of a number of years is likely to 
be viewed as a major action. A similar question was con
fronted by the U.S. Department of Energy in restarting a 
completed Savannah River reactor after a "permanent" 
shutdown. The Department of Energy concluded that such 
a restart was a major action, and they prepared a full EIS. 

Proceeding without an EIS, or with only a short envi
ronmental assessment rather than a full EIS, is not likely 
to be a practical choice for Bonneville. A decision to pro
ceed without an EIS would be immediately challenged in 
court, and there is a high probability that a court would 
ultimately require an EIS. Thus, proceeding without an 
EIS would guarantee several years of litigation and could 
delay construction even longer while the case is consid
ered, all with little chance of avoiding the EIS require
ment. 

There already have been several environmental im
pact statements prepared for these plants. Prior to initial 
construction, in the early 1970s, each plant had a state EIS 
and a Nuclear Regulatory Commission construction EIS. 
In addition, the Commission issued its draft final environ
mental statement for WNP-3 in 1985. However, there has 
been no EIS prepared by Bonneville. 

Probably much of the information required for a Bon
neville EIS is already in the earlier environmental impact 
statements and Bonneville can incorporate such informa
tion in its own EIS. However, some additional analysis will 
doubtless be required. A very preliminary estimate is that 
preparing the draft EIS, taking public comment, and pre
paring the final EIS will probably require at least 18 
months and could take two years or longer. 

Litigation on Adequacy of EIS 

Once the environmental impact statement is com
pleted, there is likely to be litigation about its adequacy. If 
the record of decision in the EIS calls for a restart of con
struction, a court is likely to allow construction to proceed 
during litigation on the EIS, since the environmental harm 
resulting from continued construction at an existing con
struction site is relative!,y small. Normally, litigants against 
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construction would seek an injunction prohibiting con
struction from proceeding until the EIS litigation is re
solved. Such injunctions are granted only in a minority of 
the cases. 

As long as the EIS is in court, purchasers of bonds 
issued to resume construction face some additional risk of 
court-ordered project delays and additional expenses or 
conditions that make it too expensive to complete the 
project. However, since the bonds are backed by Bonne
ville revenues, the ultimate risk to the bond buyers is 
small. Thus, the EIS litigation is not likely to delay financ
ing or construction of the projects, absent an injunction. 

The probable time required to resolve such litigation 
is around two and one-half years after the EIS is com
pleted. This assumes a U.S. Court of Appeals for the 9th 
Circuit decision in about one and one-half years and that 
the Supreme Court declines review about a year after the 
9th Circuit decision. The Supreme Court accepts only 
about 3 percent of the cases filed with it and rarely accepts 
an EIS appeal. In the event that the 9th Circuit or the 
Supreme Court determines that the original EIS was inad
equate, correcting the EIS and resolving the follow-on 
litigation could add another two to three years. 

Participant Opposition 

The Snohomish County Public Utility District is a ma
jor participant in both projects, with a 13-percent share of 
WNP-1 and a 19-percent share of WNP-3, all of which 
has been assigned to Bonneville under net-billing agree
ments. Snohomish wrote to the Supply System in June 
1989, expressing its opposition to continued preservation 
or construction of WNP-1 and WNP-3. Snohomish ex
plained that the projects were terminated by the Supply 
System when construction was delayed on the projects. 
Snohomish has stated that it will oppose any further con
struction of these projects. 

Subsequently, Mason County Public Utility District 
No. 3 and Orcas Public Utility District, minor participants 
in the projects, also expressed opposition to the continua
tion of the projects. While no other major participants 
have joined Snohomish, it is possible that other partici
pants also may be reluctant to resume construction. 

The net-billing agreements allow a participant to sell 
its project shares to others in some circumstances, but 
nothing in the agreements deals specifically with this situ
ation, in which a participant refuses to proceed with the 
projects and is not willing to surrender its shares. Howev
er, the net-billing agreements do establish a participants' 
committee, which has the authority to disapprove budgets, 
certain contracts and certain other proposals of the Supply 
System if those proposals are not in accordance with pru
dent utility practice as defined in the agreements. 

The experts disagree about how much impact the Sno
homish opposition would have. Bond counsel and other 
lawyers involved with the recent sales of bonds to refund 
earlier high-interest rate WNP-1, WNP-2 and WNP-3 
bonds issued opinions stating that the projects have not 
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been terminated, and the Snohomish letter did not pre
vent successful sales of refunding bonds. It is not clear, 
however, whether these opinions will be adequate to per
mit new construction bonds to be sold with similar success. 
Snohomish has said that it is prepared to pursue its oppo
sition to restarting construction in court, if necessary. 

Generally, courts won't allow one participant in a 
multiparty venture to lock up the whole venture. It is, 
therefore, unlikely that a small minority of participants 
would be able to prevent other participants from eventual
ly proceeding with the project. However, litigation by Sno
homish could delay the project, or perhaps make it 
difficult to obtain construction financing until the litiga
tion is resolved. 

Thus, two to three years of litigation are likely, with 
an outcome that the projects will be allowed to proceed. 
During the litigation, there is some chance that the litiga
tion itself will keep the Supply System from obtaining fi
nancing or proceeding with construction. 

Initiative 394 

Initiative Measure Number 394 (RCW 80.52.010 et 
seq.), adopted by the voters of Washington in November 
1981, requires joint operating agencies, including the Sup
ply System, to prepare a cost-effectiveness study and seek 
voter approval before bonds can be issued to finance a 
major energy project. 

The bond fund trustees challenged the initiative in the 
9th Circuit. In early 1983, the 9th Circuit held that the 
voter approval provisions of the initiative could not be 
applied to WNP-1 and WNP-3, because they impaired the 
obligation of the contract between the Supply System and 
its bondholders. See Continental Illinois National Bank v. 
State of Washington, 696 F.2d 692 (1983). Rather than ap
peal the 9th Circuit decision to the U.S. Supreme Court, 
the state of Washington entered into a settlement with the 
Supply System. 

The settlement requires the Supply System to prepare 
a cost-effectiveness study in the manner contemplated by 
Initiative 394, but does not require the Supply System to 
seek voter approval before selling bonds. The settlement 
recognized that a cost-effectiveness study had already 
been completed for WNP-3, and, therefore, it allows the 
Supply System to sell bonds to finance that project, pro
viding the bond-financed share does not exceed $960 mil
lion. The limit for WNP-3 comes from a 1983 estimate of 
the cost to complete Bonneville's 70-percent share of the 
project. If Bonneville exercises its option to acquire the 
remaining 30 percent of the project output from the inves
tor-owned utilities, and the completion of the project is 
financed through bonds, then a further cost-effectiveness 
study will be required for WNP-3 as well. 

The study must be prepared by an independent con
sultant approved by the State Finance Committee. The 
consultant must look at the Supply System's estimates of 
the anticipated costs of construction and the types and 
amounts of bonds to be used to finance it, and then proj-
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ect the impact on rates. The standards for determining 
cost-effectiveness are copied almost verbatim from the 
Northwest Power Act and are essentially the same as 
those used by the Council. 

Upon completion, the draft study is filed with the 
Washington secretary of state and made available for pub
lic comment for 30 days. Following the public comment, a 
final draft, which must respond to any comments sub
mitted by the Washington State Energy Office, is to be 
filed with the secretary of state. 

It is important to recognize that the cost-effectiveness 
study is a pre-condition to bond sales by the Supply Sys
tem, not to construction of the projects. If the remaining 
construction on a project is financed by some means other 
than bonds, perhaps directly from Bonneville's revenues, 
then no cost-effectiveness study is required. 

A rough estimate is that the cost-effectiveness study 
will take between one and 1-1/2 years to complete. Allow
ing for public comment and possible legislative consider
ation, the process will probably take about two years 
overall. 

Amendments to State Contracting Laws 

Washington law requires joint operating agencies such 
as the Supply System to use competitive bidding to pur
chase materials or obtain construction contracts. An ex
ception allowing for negotiated contracts is provided for 
operating nuclear plants, but the exception does not apply 
to plants still under construction. 

The Supply System's experience in finishing and oper
ating WNP-2 strongly suggests that a negotiated contract 
will be the best and least expensive way to complete the 
plants. An amendment to Washington state law (RCW 
43.52.565) will be required to allow the Supply System to 
use such a contract. 

Failure to obtain such an amendment would not pre
vent completion of the plants. Although an amendment 
would streamline the contracting process, the present law 
has some flexibility. The Supply System may be able to 
work within the existing law to create an agreement with 
most of the advantages of a negotiated contract. 

An amendment to the contracting laws requires an act 
of the Legislature, and therefore is likely to take one ses
sion to accomplish. The estimated time to resolve this 
hurdle is therefore about one year. 

Supply System and Bonneville 
Construction Management Issues 

The existing agreements for the construction of 
WNP-1 and WNP-3 give most of the construction man
agement authority for the projects to the Supply System, 
subject to limited review by Bonneville. Several of the 
lawsuits related to the WNP-4 and WNP-5 projects called 
into question the effectiveness of the Supply System as a 
manager. There are indications that Bonneville is not will-
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ing to resume construction of WNP-1 and WNP-3 without 
greater involvement in the management of the projects. 

The agreements between Bonneville and the Supply 
System were written in the early 1970s. Amending these 
agreements would probably require bondholder approval, 
and locating bondholders to secure approval would be very 
difficult. However, it may be possible to satisfy Bonne
ville's concerns by some means other than amending the 
agreements. 

This issue of project control is a very sensitive one, 
and negotiations between Bonneville and the Supply Sys
tem on this issue are likely to take a while. A reasonable 
guess is that it could take about one year to reach resolu
tion on this issue. 

Council's 6(c) Process for WNP-3 

Section 6(c) of the Northwest Power Act provides that 
the Council may determine whether a proposal by the ad
ministrator to acquire a major ( over 50 average mega
watts) resource is consistent with the power plan. If the 
proposal is found inconsistent with the plan, the adminis
trator can only acquire the resource after congressional 
action. The requirements of Section 6(c) do not apply to 
WNP-1 nor to Bonneville's original 70-percent share in 
WNP-3, since the decision to acquire these resources was 
made prior to the Act. However, if Bonneville exercises its 
option to acquire the 30 percent (275 average megawatts) 
share held by the four investor-owned utilities, this acqui
sition would be subject to Section 6(c). 

The 6(c) process includes hearings by Bonneville on 
the proposed acquisition and preparation of a record of 
decision, before the proposal is placed before the Council. 
The Council then has 60 days to determine whether the 
proposal is consistent with the power plan. Overall, the 
6( c) process is likely to take less than one year to complete 
if the proposed acquisition were found consistent with the 
power plan. 

Nuclear Regulatory Commission 
Operating License Approval 

After construction is underway, but before the plants 
go into operation, the Supply System must obtain an Op
erating License from the Nuclear Regulatory Commission. 
The licensing process typically takes place during the last 
three to four years of construction, and is timed so that 
the plant will be able to begin loading fuel as soon as con
struction is complete. 

There are three important tasks for the license appli
cant in this process: 1) prepare and present a final envi
ronmental report; 2) prepare and present a final safety 
analysis report; and 3) prepare and present an emergency 
response plan. The Nuclear Regulatory Commission re
sponds to these submissions with: 1) a final environmental 
statement; 2) a final safety evaluation report; and 3) an 
approved emergency response plan. 
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For WNP-1, a final environmental report has been 
submitted; the Nuclear Regulatory Commission has not 
yet prepared a final environmental statement. A final 
safety analysis report has been submitted; but the Nuclear 
Regulatory Commission has not yet issued a final safety 
evaluation report. No emergency response plan has been 
submitted, although the plan is likely to be essentially the 
same as the one for its neighboring plant, WNP-2. The 
WNP-2 emergency response plan has been accepted. 

For WNP-3, the operating license status is the same 
as WNP-1, with two exceptions. First, the environmental 
requirement for WNP-3 is further along; the Nuclear 
Regulatory Commission has issued a draft final environ
mental statement for the plant. Second, as with WNP-1, 
the emergency response plan for WNP-3 has not yet been 
submitted. Unlike WNP-1, WNP-3 has no neighboring 
plant with an approved emergency response plan. 

In the past, the requirement for state participation in 
an emergency response plan has blocked the issuance of 
operating licenses for otherwise complete nuclear plants. 
Operating licenses for both Shoreham and Seabrook nu
clear plants, in the Northeast were delayed by this re
quirement. The Nuclear Regulatory Commission now has 
authority to approve emergency response plans in the ab
sence of state participation. 

In short, the licensing process for WNP-1 and WNP-3 
is well underway and does not appear likely to delay con
struction or operation of the plants. Although there is ad
ditional licensing work to be completed, it can, and 
ordinarily does, take place during the time the plants are 
being completed. The Council has been advised by the 
Supply System that the Nuclear Regulatory Commission 
has issued letters stating that there are no apparent regu
latory obstacles to the completion of the plants during the 
1990s. 

Summary of Legal Hurdles to 
Completion 

A summary of the legal hurdles to the completion of 
WNP-1 and WNP-3 is provided in Table 8-34. The esti
mated time to overcome each hurdle is indicated as well. 
Unless otherwise indicated, all times are concurrent; that 
is, actions proceeding toward resolution of each hurdle 
can occur at the same time. 

The estimated times are far from certain. The speed 
with which these hurdles can be overcome depends a great 
deal on the sense of urgency-or lack of urgency-which 
the parties and the courts have about resolving them. Ear
lier estimates of the lead time required to prepare for re
sumption of construction were in the range of 15 to 24 
months. In view of the complexity of the hurdles identified 
in this analysis, the Council has assumed that a minimum 
of three years would be required before arriving at a posi
tion where construction could be resumed. Other activities 
necessary to resume construction, in addition to resolution 
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Table 8-34 
Summary of Legal Hurdles 

Hurdle 

Bonneville Environmental Impact Statement 

Litigation about Bonneville Environmental Impact Statement 

Participant Opposition 

Initiative 394 Study 

Amend State Law for Construction Contract 

Supply System-Bonneville Contract Management Issues 

Council 6(c) Process for WNP-3 

Nuclear Regulatory Commission Operating License Approval 

of the legal hurdles described above, include development 
of new cost estimates to complete construction, negoti
ation of new prime construction contracts, preparation of 
official statements for construction revenue bonds and 
development of a construction budget. 

Availability and Cost of Construction 
Financing 

One reason that the WNP-1 and WNP-3 plants were 
not included in the Council's 1986 portfolio was the poten
tial obstacle to additional construction financing posed by 
WNP-4 and WNP-5 litigation. The WNP-4 and WNP-5 
litigation has essentially been settled, ratings have been 
restored to Supply System bond issues and several sales of 
refinancing bonds consummated. These developments ap
pear to remove a major barrier to construction financing. 

Although financing might be readily obtained, other, 
more political factors might affect the cost of this financ
ing. 

Some participants in the Council's 1986 planning pro
cess argued that bonds to finance construction would be 
subject to a "WPPSS penalty" on interest rates that might 
range as high as 2 percent. The Supply System acknowl
edged the possibility of a penalty resulting from the 
WNP-4 and WNP-5 default, but recommended a fraction 
of a percent. The Council applied a I-percent penalty. 
But, the secondary market rate on the refunding bonds, 
compared to similar issues, suggests a very modest penalty 
of 11 to 21 "basis points" (0.11 to 0.21 percent). It is un
clear, however, if bond issues to complete construction 
would have greater or lesser penalties than refinancing 
issues. A penalty of no more than 15 basis points for a new 
construction bond issue seems a reasonable assumption at 
this time. 
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Estimated Time to Resolve 

1-1/2 to 2 years 

0 to 4 years after EIS 

2 years 

1 to 1-1/2 years 

1 year 

1 year 

1 year 

1 to 2 years 

Costs to Complete Construction 

Detailed estimates of the costs to complete construc
tion were prepared by the Supply System and its contrac
tors in 1984. These estimates, updated to January 1985 
dollars and adjusted by "earned value" work accomplished 
during 1984 and 1985, were used in the assessment of 
WNP-1 and WNP-3 that was included in the 1986 Power 
Plan. Adjusted to 1990 dollars, the estimated costs to com
plete WNP-1 and WNP-3 used in the 1986 plan were 
$1,338 per kilowatt and $1,248 per kilowatt, respectively. 

In 1986, the Supply System updated the 1984 esti
mates in support of the assessment of WNP-1 and WNP-3 
prepared by Bonneville for its 1987 Resource Strategy. 
Adjusted to 1990 dollars, these estimated construction 
costs to complete the plants were $1,286 per kilowatt for 
WNP-1 and $1,125 per kilowatt for WNP-3. Effects of the 
preservation programs and work completed since 1984 
were among the factors that led to reductions in the costs
to-complete estimate from the estimates used in the 1986 
Power Plan. 

More recently, in early 1989, the Supply System, in 
preparing the official statement for issuing refunding 
bonds, identified factors such as new Nuclear Regulatory 
Commission regulations that may have affected the costs
to-complete estimate since the 1986 update. The Supply 
System concluded that the net effect of all factors through 
a hypothetical 1991 construction restart would be to in
crease the costs to complete the plants by less than 10 per
cent (in constant dollars). Some further real escalation in 
construction costs might be expected after 1991. Current 
estimates of costs-to-complete are $1,401 per kilowatt for 
WNP-1 and $1,235 per kilowatt for WNP-3, in 1990 dol
lars. These values include anticipated real escalation 
through 1991. A real escalation rate of 1 percent per year 
is assumed to occur from 1992 through 1995. Beyond that 
time, real capital cost escalation is assumed to be zero. 
These are the values adopted by the Council for this plan. 
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Seismic Concerns 

WNP-3 was designed to withstand potential seismic 
activity from faulting in the Puget Sound Basin. Subse
quent improvements in the understanding of plate tecton
ics, in general, and of the relative motion of the tectonic 
plates that converge along the Northwest coast, in particu
lar, opened the possibility of subduction zone earthquakes 
of greater magnitude than fault-related earthquakes. This 
raised the issue of whether the design of WNP-3 is ade
quate to withstand the effects of a subduction zone earth
quake. 

Studies performed by the Supply System between 1984 
and 1988 concluded that WNP-3 is capable of withstand
ing the postulated subduction zone earthquake. The stu
dies began with review, analysis and modeling of the 
Cascadia subduction zone and the WNP-3 site. Ground 
motions that would be produced by a subduction zone 
earthquake occurring at the closest point to the plant were 
compared to the seismic event originally used for the de
sign of the plant. This analysis found that the plant is ca
pable of withstanding the newly postulated subduction 
zone seismic event. The Nuclear Regulatory Commission 
has reviewed the Supply System study and conclusions. Its 
position is that the Supply System has included all known 
information in its study and has done so adequately. How
ever, the Commission noted that the United States Geo
logical Survey is continuing studies in Washington and 
Oregon at this time. New information uncovered in these 
studies could be germane to WNP-3. The Commission 
further recommended that the Supply System follow 
closely the ongoing studies as they relate to the Pacific 
Northwest and the Satsop site, in particular. 

If the findings and conclusions of the Supply System 
study are confirmed by the Nuclear Regulatory Commis
sion, WNP-3 would not need redesign or retrofits to with
stand a subduction zone seismic event. 

WNP-1, located in eastern Washington, would not be 
affected by a subduction zone seismic event. 

Availability of Nuclear Components 

With the cessation in U.S. orders for nuclear power 
plants and the completion, suspension or abandonment of 
plants under construction, nuclear plant component pro
duction could dwindle to the point that the completion of 
WNP-1 and WNP-3 could be affected by the lack of 
equipment and materials. In preparing the 1986 plan, the 
Council received evidence that the re was an acceptable 
probability that nuclear plant components and materials 
will remain available. The Council further suggested that 
additional insurance could be provided by procuring criti
cal replacement equipment during the construction peri
od. 

The factors that led to this conclusion were: 1) the 
bulk of equipment for WNP-1 and WNP-3 has been pro
cured; 2) the market for spares and replacements provided 
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by operating plants will encourage the continued availabil
ity of components and materials; 3) the U.S. naval nuclear 
program will ensure the continuation of a nuclear compo
nent manufacturing industry; 4) the foreign nuclear indus
try will provide a continuing market for U.S. 
manufacturers, as well as a source of equipment for the 
domestic industry; and 5) it will always be possible to re
tool for production, albeit at greater cost for limited pro
duction runs. 

These conclusions remain valid. In addition, the Nu
clear Regulatory Commission has authorized the develop
ment of "commercial grade dedication" programs for 
certain components. In these programs, commercial-grade 
components are purchased and certified for nuclear appli
cations. Given the diversity of activities supporting the 
continued availability of nuclear equipment and materials, 
there continues to be an acceptable probability that these 
components will be available for completion and operation 
of the WNP-1 and WNP-3 plants without a significant 
impact on costs to complete or operate. 

Shared Assets Cost Allocation 

WNP-1 and WNP-4 were to be constructed as twin 
plants, sharing common facilities where feasible. Similarly, 
WNP-3 and WNP-5 were to be constructed as twin plants, 
also sharing a common site and facilities. The participants 
agreement for WNP-4 and WNP-5 (units 4 and 5 were 
financed as a single project) a llowed cost sharing with 
WNP-1 and WNP-3, respectively, for certain joint services 
and facilities on the basis of respective benefits to the 
projects. Representatives of the holde rs of defaulted 
bonds for the terminated projects 4 and 5 have filed suit 
claiming that the full costs of shared services and facilities 
should be assumed by projects 1 and 3, because the 
WNP-4 and WNP-5 interests are receiving no benefit. 
The additional costs to projects 1 and 3, if this suit were 
successful, were estimated in 1985 to be $131 million for 
WNP-1 and $269 million for WNP-3. 

This litigation recently has become active, and it is not 
possible to forecast its outcome. However, the allocation 
of these costs will not affect costs to complete WNP-1 or 
WNP-3, since, if incurred, they will be borne by the re
gion, regardless of whether WNP-1 or WNP-3 is com
pleted. 

Technical Continuity 

Long-term suspension of construction could result in 
an increase in costs or time required to re-establish the 
documentation or other knowledge required to complete, 
test and operate WNP-1 and WNP-3. In its 1986 Power 
Plan, the Council concluded that the preservation pro
grams, as planned at that time, incorporated licensing, 
engineering and maintenance activities adequate to ensure 
that technical continuity could be maintained. 
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A major goal of the WNP-1 and WNP-3 preservation 
programs was to ensure that engineering could quickly and 
efficiently resume without dependence on personnel fa
miliar with the projects. A "design asset preservation pro
gram" was established in which engineering documents 
were packaged into a data base for each plant. This pack
aging was to allow a qualified individual with no prior in
volvement with the project to quickly pick up and 
complete the design effort without need to reconstruct or 
duplicate existing work or to consult the individual who 
had originated the design. 

The effectiveness of the design asset preservation pro
gram was tested through Supply System, Nuclear Regula
tory Commission and independent reviews. The adequacy 
of the program was subsequently demonstrated when the 
U.S. Department of Energy reviewed the design records 
for WNP-1 when assessing the potential for converting 
WNP-1 to a weapons materials production reactor. The 
Department's assessment found no weaknesses regarding 
either the completeness of the records, or the possibility 
of using those records to complete the design. 

Termination Issues 

Termination of WNP-1 and/or WNP-3 presents its 
own set of issues. Resolution of these issues is necessary 
for well-informed decisions on the future of the plants. 

Decision Process 

The legal agreements that control these projects give 
little guidance as to what process should be followed if a 
decision is made to terminate the projects. In the absence 
of unanimity among the participants, possibly lengthy liti
gation could result. 

Disposal of Assets 

In the event of termination, the salvageable assets can 
be disposed of by either of two methods, under the bond 
resolutions. The first method requires simultaneous pay
ment of cash into the Bond Fund sufficient to retire all 
the project's bonds. The net-billing agreements requiring 
payments to the Supply System may satisfy this require
ment, but if not, the requirement is an obstacle to asset 
disposal. The second method described in the Bond Reso
lution requires proceeds from asset disposal to be depos
ited in the Construction Fund, which might preclude them 
from being used to pay for site restoration. 

Assuming that the disposal of assets is carried out, the 
assets could either be sold as separate components to vari
ous buyers, or as partially completed power plants to buy
ers planning to complete construction and generate 
electricity. The latter path might be expected to bring a 
higher price, but might also take more time, since it would 
likely involve a complex package of construction, opera
tion and power sales contracts. This was the approach 
used at the termination of WNP-4 and WNP-5. The Sup-
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ply System first attempted to sell the plants, or the plant 
systems, as an entity. The plants were later parted out 
after the first approach proved unsuccessful. 

Effect on Outstanding Bonds 

There is some concern that termination of the plants 
could be interpreted as an Event of Default, making the 
projects' bonds due. The counsels of the Supply System, 
Bonneville and the bond underwriters are all of the opin
ion that termination would not be an Event of Default. 
This issue has not disappeared as a result of refinancing 
the higher-cost project bonds. 

Site Restoration 

The Washington Energy Facility Site Evaluation 
Council (EFSEC) establishes requirements for restoring 
sites. EFSEC has not determined the level of restoration 
that would be required if WNP-1 and/or WNP-3 were 
terminated, but four alternative levels have been identi
fied as possible. These levels range from a fence with "No 
Trespassing" signs and 24-hour security to total demoli
tion and burial of all structures with recontouring and re
planting the entire site. The estimated costs of restoration 
range from about $3 million (1986 dollars) for WNP-1 and 
$4 million for WNP-3 (with continuing costs of $0.6 mil
lion and $0.9 million per year, respectively) for the sim
plest level to $80 million for WNP-1 and $78 million for 
WNP-3 (with continuing costs of $0.1 million per year for 
each plant) for the most thorough levet.26 

Restoration costs would increase if termination oc
curred after fuel loading. In this case, the tasks involved in 
restoration would include many (but not all) of those re
quired for decommissioning. Restoration costs, therefore, 
would move closer to decommissioning costs, but would 
not be as high. 

Suitability of Sites for Other Generating 
Plants 

The sites of WNP-1 and WNP-3 have some advan
tages as sites for other electricity generation facilities. 
Transmission links are already in place; the WNP-3 site 
has the extra advantage of access to the Puget Sound area 
independent of the heavily loaded cross-Cascades trans
mission system. Both sites have been approved as sites for 
electricity generation and would seem to be good candi
dates as sites for other generation facilities. The WNP-1 
site is subject to inversion layers in winter, making air pol
lution a special concern. 

26. Bonneville Power Administration, WNP-I and -3 Study, 
1987 Resource Strategy, May 1987. 
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Operational Issues 

The cost-effectiveness of WNP-1 and WNP-3 de
pends not only on the cost and feasibility of completing 
construction, but on successful operation as well. Impor
tant issues affecting operation include spent fuel disposal, 
operating costs and plant availability. 

Spent Fuel Disposal for WNP-1 
and WNP-3 

Spent commercial nuclear power plant fuel contains 
highly radioactive fission products and long-lived radioac
tive transuranic elements. Originally, the nuclear power 
industry planned to develop commercial reprocessing 
plants for the separation of fission products and transuran
ic materials from spent fuel. This option was abandoned in 
the late 1970s, in part due to concerns over nuclear prolif
eration. In 1982, Congress passed the Nuclear Waste 
Policy Act making the federal government responsible for 
the ultimate disposal of high-level nuclear wastes. The 
federal government was to locate and operate a nuclear 
waste disposal site to be opened in 1998. In 1987, Congress 
selected the Yucca Mountain site in Nevada. Significant 
delays have occurred, and potential barriers to the Yucca 
Mountain site may have rendered it not viable. The De
partment of Energy has acknowledged the likelihood of 
significant delay in establishing a permanent waste reposi
tory and has announced a revised target date of 2010. 
Consequently, provisions will have to be made for interim 
storage of spent fuel. The most likely alternatives are ex
tension of spent fuel storage capability at nuclear power 
plants or development of interim central waste storage 
facilities. 

The spent fuel storage racks of the WNP-1 spent fuel 
storage pool have been repositioned and will now provide 
space for the storage of spent fuel that would be produced 
over 15 years of operation. The WNP-3 storage pool also 
has been reracked and will accommodate spent fuel pro
duced over 14 years of operation. 

Given the eight-year minimum lead time required to 
bring either WNP-1 or WNP-3 online, it appears that suf
ficient spent fuel storage capability is in place at these 
plants to allow operation through the 2010 service date 
currently discussed for a federal spent fuel repository. 

If additional on-site spent fuel storage capability is 
needed, the preferred option appears to be dry-cask stor
age. Two utilities, Duke Power and Virginia Power, have 
installed dry-cask storage systems, and other utilities are 
pursuing this system. 

Costs for the Virginia Power facility at its Surry plant 
site include $1,673,000 for a pad capable of holding 28 
casks, and $890,000 for each cask. Three casks are re
quired for each year's fuel discharges. The Supply System 
estimates the total cost for additional on-site spent fuel 
storage to be $3.3 to $3.6 million per year, including capi
tal, operating and maintenance costs. These expenditures 
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would commence about a year prior to exhaustion of stor
age pool capacity. These costs have not been included in 
the estimated costs to complete and operate these plants. 

It is not clear who will be paying the costs of addition
al interim spent fuel storage. Utilities operating nuclear 
plants have been assessed a spent fuel disposal fee by the 
federal government since 1982 for spent fuel disposal ser
vices originally scheduled to begin in 1998. If the govern
ment fails to take fuel at the date originally contracted, it 
is likely that utilities will seek compensation for the costs 
of extended fuel storage. 

Operation and Maintenance Costs 

The Council's 1986 analysis assumed that operation 
and maintenance costs of all new resources, including 
WNP-1 and WNP-3, would remain constant in real terms. 
But, rapid real escalation of nuclear operation, mainte
nance and post-operational capital replacement costs was 
experienced over the decade 1974 to 1984. A study by the 
Energy Information Administration (EIA, 1988) indicated 
that this cost increase is due to factors such as implemen
tation by the Nuclear Regulatory Commission of more 
stringent operating requirements in the wake of Three 
Mile Island; increased investment by utilities in plant 
maintenance in an effort to improve plant availability; and 
increased investment in maintenance to counteract effects 
of plant aging. 

However, the rate of escalation of nuclear operation, 
maintenance and replacement costs has peaked, and sub
sequently declined in recent years. The period of rapid 
change in the nuclear industry that occurred from the late 
1970s until the middle 1980s has apparently passed, and 
operation and maintenance costs are likely to stabilize at a 
lower level of real escalation. For this plan, the Council is 
assuming that the real rate of operation and maintenance 
cost escalation will decline from 3.5 percent annually in 
1986 to zero percent by 2000. The operation and mainte
nance cost assumptions used in this plan are based on op
eration and maintenance cost estimates used in the 1986 
plan, escalated in accordance with this escalation series. 

Operating Availability 

The operating availability of a generating resource is 
critical in determining its relative cost-effectiveness in a 
power system. Availability is usually expressed as a per
centage, representing that fraction of a year a resource is 
able to operate at full power. Because resources are some
times available to operate at less than full power (derated 
operation), annual availability is expressed in equivalent 
full-power hours. 

Availability is a function of planned and unplanned 
(forced) outages. Planned outages, such as refueling and 
other maintenance, can be accounted for fairly precisely. 
Forced outage rates are more difficult to assess and may 
depend on unit size, design and other possible factors. The 
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availability of a resource should not be confused with its 
capacity factor, which represents actual energy production 
divided by plant generating capability. Capacity factors 
typically are smaller than availability factors because they 
take into account economic outages-those times when a 
plant is shut down for economic reasons, but could run if 
needed. Because the variable cost of operating nuclear 
plants is small, economic outages are few, and nuclear 
plant capacity factors typically are close to their availability 
factors. 

The Council examined performance data maintained 
by the Nuclear Regulatory Commission and the North 
American Electric Reliability Council along with data pro
vided by the Supply System and nuclear vendors. Assump
tions regarding the operating availability of WNP-1 and 
WNP-3 were based on analysis of that information. 

Table 8-35 contains the annual equivalent availability 
factors for all Babcock and Wilcox and Combustion Engi
neering nuclear plants. Although statistical analysis of this 
data cannot conclusively support a trend, availability fac
tors in recent years are higher for many plants. This is not 
surprising, since the nuclear industry has invested a great 
deal of effort to improve operation and maintenance pro
grams and to improve technology and plant design. As an 
example, data for the Babcock and Wilcox plants (WNP-1) 
was divided into three time periods: 1) the post-Three 
Mile Island era from 1980 to 1982; 2) the pre-Safety and 
Performance Improvement Program (SPIP) era from 1983 
to 1986; and 3) the SPIP era from 1987 on. The average 
availability during these three eras is, 52.3 percent, 59.7 
percent and 67.6 percent, respectively. 

The challenge facing the Council is to predict the op
eration availability for WNP-1 and WNP-3 based on the 
data presented in 1able 8-35. If the argument that the 
nuclear industry has improved its operating and mainte
nance programs is true, then using all the data, dating 
back to the early 1970s, would underestimate the availabil
ity factors. On the other hand, using only the data com
piled after the establishment of the Safety and 
Performance Improvement Program yields too little infor
mation to provide confidence in the results. As a compro
mise, data from 1983 on was used to establish operating 
availability factors for WNP-1 and WNP-3. 

This choice is not unprecedented. State public utility 
commissioners have traditionally used the last four years 
of availability data for rate-making purposes. They have 
acknowledged that data from this shorter time period 
more accurately reflects the operating availability, because 
it takes into consideration the improvements made to in
crease plant performance. 

Historical annual availability data from 1983 to 1988 
was plotted separately for both Babcock and Wilcox plants 
and Combustion Engineering plants. These curves, shown 
in Figures 8-27 and 8-28, indicate the probability that for 
any given year the availability of a plant will equal or ex
ceed a certain value. These curves are referred to as dura
tion plots.27 
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At the 50-percent probability level, the availability for 
WNP-I is about 65 percent and for WNP-3 it is about 70 
percent. These values are used by the Council for this 
plan. 

Prospects for Completion of WNP-1 
and WNP-3 

Reference Energy Cost Estimates 

"Reference" lcvelized energy costs for WNP-1 and 
WNP-3 are shown in Table 8-36. These costs were calcu
lated using the reference financial and service date as
sumptions described in the introduction to this chapter. 
These include the assumption that completion of the 
plants would be by a developer with the financial charac
teristics of an investor-owned utility. This assumption, 
used to achieve parity of resource energy cost compari
sons, is not consistent with the current ownership of 
WNP-1 and WNP-3 (see Table 8-38). Financing by the 
current plant owners would likely result in energy costs 
somewhat less than the costs shown in Table 8-36. The 
portfolio analysis done for this plan assumes the plants are 
financed by the current owners. 

In calculating the costs of Table 8-36, the plants are 
assumed not to be displaceable, and costs are calculated 
using capacity factors equal to plant availability. 

Planning Assumptions for WNP-1 
and WNP-3 

The planning assumptions used for assessment of 
WNP-1 and WNP-3 in the resource portfolio are shown 
in Tables 8-37 and 8-38. Table 8-37 presents the technical 
and cost assumptions and Table 8-38 shows current owner
ship of the plants. 

The financial assumptions used for assessing WNP-1 
and WNP-3 are consistent with those used elsewhere in 
this plan for the respective classes of plant owners except 
for the cost of debt financing. As described earlier, the 
cost of debt financing for WNP-1 and WNP-3 is assumed 
to be 0.15 percent greater than the Council's general as
sumptions because of possible market reservations con
cerning nuclear bond issues in general and WNP-I and 
WNP-3 in particular. 

27. For the Babcock and Wilcox curve, data for Three Mile 
Island 2 was excluded as was data for Rancho Seco from 1986 
on. The effects of premature plant retirements such as these, 
are considered in establishing service life assumptions for 
WNP-1 and WNP-3. 
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Table 8-35 
Historical Annual Equivalent Availability Factors 

Babcock and Wilcox and Combustion Engineering Nuclear Power Plantsa 

Ave. 
Plant EAF 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 

Babcock and Wilcox 

Oconee 1 65.8 52.9 68.2 51.4 51.6 65.1 64.4 65.8 39.1 66.3 73.0 79.3 90.9 61.7 64.8 92.4 

Oconee 2 66.3 64.0 54.3 49.3 61.7 77.2 52.1 72.4 44.4 67.0 93.7 65.8 74.7 80.2 71.2 

Three Mile Island 1 37.8 77.2 60.4 76.2 79.2 12.4 0.0 0.0 0.0 0.0 0.0 11.3 67.2 70.2 75.6 

Arkansas 1 59.5 52.1 68.5 72.3 44.6 50.7 65.8 52.4 43.3 61.7 69.7 48.2 79.0 65.5 

Oconee 3 66.3 62.0 67.9 78.1 42.2 68.3 72.6 27.5 91.4 69.0 62.6 78.2 65.6 76.9 

Rancho Seco 39.5 27.1 73.5 63.3 71.1 55.0 32.9 42.4 42.4 46.8 24.1 0.0 0.0 35.4 

Crystal River 3 54.2 35.9 52.1 46.3 55.7 65.5 50.6 86.2 43.0 35.4 48.3 76.7 

Davis Besse 1 38.8 39.4 28.7 55.0 40.6 63.8 55.8 25.0 0.0 63.8 16.3 

Averageb 54.2 52.9 69.8 51.2 64.5 65.1 50.4 45.9 49.2 42.4 53.9 61.6 49.1 45.7 59.0 63.8 

Average' 58.9 52.9 69.8 51.2 64.5 65.1 50.4 52.4 56.2 48.4 61.6 70.4 54.4 52.2 67.4 67.8 

Combustion Eni,•ineering 

Palisades 44.7 41.2 13 45.2 48.5 84.5 40.6 53.7 36.6 53.5 51.6 59.9 12.5 81.8 13.0 39.6 51.9 

Maine Yankee 70.5 51.7 65.1 85.4 76.6 75.8 64.7 61.9 72.2 63.8 79.3 71.4 76.1 86.4 58.2 69.3 

Fort Calhoun 1 70.3 52.0 60.1 74.2 71.3 91.6 57.4 67.7 88.4 65.7 56.1 73.2 86.1 73.1 67.9 

Calvert Cliffs 1 69.3 89.2 65.1 61.1 54.4 60.0 79.3 69.6 72.5 81.8 56.7 75.6 68.3 66.8 

Millstone Point 1 65.8 59.8 62.0 58.5 63.9 80.2 65.8 32.7 86.5 46.6 67.8 90.7 75.1 

St. Lucie 1 71.3 71.3 69.6 73.9 70.3 91.6 14.8 57.1 79.3 95.2 77.2 84.2 

Calvert Cliffs 2 75.2 67.8 71.2 90.3 72.3 64.9 79.3 69.1 72.8 90.9 62.9 85.4 

Arkansas 2 63.4 54.1 49.2 55.4 77.4 60.2 66.5 82.7 62.0 

San Onofre 2 67.9 56.2 54.3 68.9 66.5 93.8 

St. Lucie 2 77.7 78.8 83.6 83.0 78.9 64.4 

San Onofre 3 76.2 51.9 72.7 80.3 99.7 

Waterford 3 73.5 75.8 76.9 67.9 

Palo Verde 1 53.8 47.7 59.8 

Palo Verde 2 67.1 73.6 60.5 

Averageb 66.6 41.2 26.5 54.1 70.8 72.0 64.3 66.2 63.4 68.7 68.1 57.5 64.7 67.0 73.5 69.8 72.1 

a SOURCE: Nuclear Unit Operating Experience: 1985-1986 Update, EPRI #NP-5544 with updated information through 1988. 

b Average is calculated using each year's equivalent availability. 

C Average is calculated as in footnote b, but excluding the years 1980-1985 for TMI #1 and excluding the years 1986-88 for Rancho 
Seco. The argument for exclusion of this data is that events leading to shutdowns occurring during these years are not vendor-related 
and by excluding them focus can be placed on vendor-dependent operating availability. Obviously, some risk exists that a lengthy 
shutdown for safety or for reasons of public opposition could occur. These risks are better treated in the overall power plan strategy, 
rather than attempting to quantify them into equivalent availability factors. 
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Table 8-36 
Reference Energy Costs for WNP-I and WNP-3 (1990 Dollars) 

WNP-1 

WNP-3 

Conclusions: WNP-1 and WNP-3 

WNP-1, if completed and operated at the costs of 
Table 8-37, could produce about 812 average megawatts of 
energy at costs estimated to be about 9.3 cents28 per 
kilowatt-hour and WNP-3 could produce about 868 aver
age megawatts of energy at an estimated cost of 8.5 
cents29 per kilowatt-hour. These costs are less than the 
estimated cost of electricity produced by new coal-fired 
power plants. WNP-1 and WNP-3 present different envi
ronmental issues than the resources that would be devel
oped in their absence. Nuclear plants produce negligible 
atmospheric emissions of oxides of nitrogen, particulate 
material, sulfur dioxide and carbon dioxide, the major con
tributor to global warming concerns. 30 

On the other hand, the issue of nuclear spent fuel 
disposal has yet to be resolved, and public concerns re
main regarding reactor safety. It is argued by many that 
the environmental risks associated with a nuclear accident 
greatly outweigh the environmental advantages of operat
ing nuclear plants. Public comments received by the 
Council on this issue have been extremely polarized. Any 
attempt to complete either of these plants would likely 
encounter substantial legal and political challenges. 

After reviewing the information and discussion con
tained in this section, the Council is requesting that Bon
neville and the Supply System take appropriate steps to 
determine whether WNP-1 and WNP-3 should continue 
to be preserved. As described further in Volume II, Chap
ter 1, the Council is calling for Bonneville and the Supply 
System to examine the principal legal and engineering 
tasks that would be required to resume construction on 
WNP-1 and WNP-3. The Council is asking Bonneville 
and the Supply System to pursue those activities that yield 
the greatest benefit in reducing uncertainty about whether 
the plants can be completed in a timely manner if needed. 
This would involve resolving the less expensive issues first, 
before committing significant effort to problems that will 
be more expensive to address. 
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Real Nominal 
(cents/kWh) (cents/kWh) 

4.7 9.3 

4.3 8.5 

New Nuclear Fission Technology 

The nuclear industry and the federal government are 
developing advanced nuclear power plant designs intended 
to address some of the problems confronting the nuclear 
industry. Objectives of these advanced designs include 
improved economics, reduction in investment risk and im
proved safety. This is to be accomplished by reduced plant 
size, increased factory fabrication, increased reliance upon 
"passive" safety systems requiring no operator interven
tion, general simplification of design, increased safety 
margins, improved maintainability and improved operator
machine interfaces. Guiding the development of advanced 
designs is a philosophy of avoiding revolutionary design 
changes in favor of an evolutionary approach that begins 
with refinement of current designs .. 

Advanced Nuclear Plant Designs 

Three generations of advanced designs are under de
velopment. "Large evolutionary" designs are based on 
incremental improvements to existing light water reactor 
designs. These plants are available for overseas order and 
are expected to be approved for construction in the 
United States in the early 1990s. "Small evolutionary ad
vanced" designs use current light water reactor technolo
gy, but would ·incorporate significant downsizing and 
passive safety features. These designs may be available for 
order by the mid-1990s. Finally, "modular advanced" de
signs would use non-light water reactor technology and 
would incorporate extreme downsizing, a high degree of 
modularity and passive safety features. Modular advanced 
designs probably will not be available for order until the 
turn of the century. 

28. Reference nominal levelized costs for a hypothetical 1990 
in-service date. 

29 . .Ibig. 

30. Some emissions of these pollutants would result from fuel 
enrichment operations, however, since fuel enrichment plants 
use large quantities of electricity and are served by utility sys
tems employing coal-fired generation. 
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Table 8-37 
WNP-I and WNP-3 Planning Assumptions (1990 Dollars) 

WNP-1 WNP-3 

Total Capacity (MW net) 1,259 1,240 

Total Firm Energy (MWa) 818 868 

Unit Capacity (MW net) 1,259 1,240 

Seasonality None None 

Dispatchability Must-run Must-run 

Pre-construction Lead Time (months)3 36 36 

Probability of Siting and Licensing Success (%) 90 90 

Preservation Shelf Life (years) Indefinite Indefinite 

Probability of Hold Success(%) 90 90 

Construction Lead Time (months)b 60 60 

Construction Cash Flow (%/yr.) C d 

Pre-construction Cost ($/kW) $17 $19 

Preservation Hold Cost ($/kW/yr.) $4.60 $5.10 

Construction Cost ($/kWf $1,401 $1,235 

Fixed Fuel Cost ($/kW /yr.) $0.00 $0.00 

Variable Fuel Cost (mills/kWh) 5.9 6.5 

Fixed OMR&D Cost ($/kW/yr.)f $92.30 $93.40 

Variable O&M Cost (mills/kWh) 1.0 1.0 

Earliest Service 1999 1999 

Peak Development Rate (units/yr.) 1 1 

Operating Life (years) 40 40 

Real Escalation Rates (%/yr.) 

• Capital Costs 0% to 1991, 1 % for 1992-95, 0% thereafter 

• Fuel Costs 0% to 1993, 1 % thereafter 

• O&M Costs 3% in 1988, declining to 0% by 2000 

a Resolution of institutional and financial issues. 
b Remobilization and completion. 

C Projected construction cash flow for WNP-1 is 11/23/30/24/12%. 

d Projected construction cash flow for WNP-3 is 4/24/33/29/10%. 

e "Overnight" cost (excludes interest during construction). 

f Includes fixed operation, maintenance, post-operational capital replacement and decommissioning costs. 
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Table 8-38 
Ownership Assumptions for WNP-I and WNP-3 

Consumer Owned Utilities(%) 

Investor Owned Utilities(%) 

Large Evolutionary Plants 

Two U.S. vendors are actively developing large evolu
tionary advanced designs for the international market and 
for submittal to the Nuclear Regulatory Commission for 
certification. The models and vendors are General Elec
tric's Advanced Boiling Water Reactor (ABWR) and the 
System 80 + by Combustion Engineering. These designs 
are essentially refinements of these vendors' earlier light 
water reactor designs. They retain the large scale (1,200 
megawatts capacity) and general engineering features of 
predecessor designs. 

The Advanced Boiling Water Reactor is an evolution
ary version of existing General Electric boiling water reac
tors such as WNP-2. Design of this plant has been 
underway since 1978, under the auspices of an internation
al consortium of boiling water reactor vendors. The Ad
vanced Boiling Water Reactor is intended to incorporate 
the best features of the earlier boiling water designs of
fered by participating vendors. Distinguishing features in
clude a simplified coolant recirculation system, 
triple-redundant emergency core cooling, improved con
tainment, and improved control and instrumentation sys
tems. Two 1,365-megawatt units have been ordered by the 
Tokyo Electric Power Company for construction beginning 
m 1991 at the Kashiwazaki-Kariwa station. Commercial 
operation of the first unit is scheduled for 1996 and the 
second unit in 1998. 

The Combustion Engineering System 80 + is a refine
ment of the Combustion Engineering System 80 designs 
used at Palo Verde 1-3 and at WNP-3. Operating experi
ence at Palo Verde is being used to guide design improve
ments, as is the experience of Duke Power, one of the 
more successful U.S. nuclear utilities. The principal design 
changes involve improvements to the containment build
~g, !he emergency core cooling system, a safety depressu
nzat1on system, increased thermal margins and improved 
control room design. The System 80 + is scheduled to be 
certified by the Nuclear Regulatory Commission in Fiscal 
Year 1992. No orders have been reported. 

Because they have not yet been built or tested, the 
cos~ and perf?rmance characteristics of large evolutionary 
designs remam somewhat speculative. Performance esti
mates published by the Electric Power Research Institute 
(EPRI, 1986), adjusted to 1988 dollars are shown in Table 
8-39. The range of capital costs shown in Table 8-39 are 
based on estimates prepared by Combustion Engineering 
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WNP-1 WNP 3 

100% 70% 

0% 30% 

for the System 80 + (low end) and the estimated cost of 
the General Electric units to be constructed by Tokyo El
ectric (high end). Because these plants represent refine
ments of current nuclear technology, actual construction 
costs are likely to be similar to those of the better plants 
recently completed. 

Small Evolutionary Advanced Plants 

The small evolutionary advanced nuclear power plants 
would represent a major departure from contemporary 
nuclear power plant design. Though using conventional 
light water reactor technology, these plants would be con
siderably smaller than current designs, would use greatly 
simplified mechanical and electrical systems, and would 
employ passive safety systems requiring no operator inter
vention for many hours following an abnormal occurrence. 
These designs are expected to have greatly improved per
formance and cost compared with contemporary designs. 
Performance objectives for small evolutionary designs, 
prepared by the Electric Power Research Institute, include 
87-percent availability, a four-year construction period 
and a 60-year operating life (Stahlkopf, 1988). 

Two small evolutionary advanced designs are being 
developed. The Westinghouse AP-600 would employ con
ventional pressurized light water technology in a 600-me
gawatt plant, featuring overall simplification, a passively 
actuated and operated emergency core cooling system, 
and advanced instrumentation and control systems. A 
three-year construction schedule is targeted, with a five
year overall lead time from order to commercial opera
tion. Construction costs are estimated to be $1,270 to 
$1,500 per kilowatt (Electrical World, 1988; Stahlkopf, et 
al., 1988). The AP-600 is being developed under a pro
gram jointly funded by the Electric Power Research Insti
tute and the U.S. Department of Energy. 

The General Electric Small Boiling Water Reactor 
(SBWR) would be based on conventional boiling light wa
ter reactor technology. This plant also would be in the 
600-megawatt size range, and also would employ passively 
actuated and operated emergency core cooling. This de
sign also is being developed under the Advanced Light 
Water Reactor program of the Electric Power Research 
Institute and the U.S. Department of Energy. 
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Table 8-39 
Large Evolutionary Nuclear Plants-Planned Characteristics 

Fuel 

Rated Capacity (Net MW) 

Average Heat Rate (Btu/kWh) 

Availability (%) 

Siting and Licensing Lead Time (months) 

Construction Lead Time (months) 

Siting and Licensing Cost ($/kW) 

Construction Cost, exclusive of AFUDC ($/kW) 

Fixed Fuel Cost ($/kW /yr.) 

Variable Fuel Cost (mills/kWh) 

Fixed O&M Cost ($/kW/yr.) 

Variable O&M Cost (mills/kWh) 

Capital Replacement ($/kW /yr.) 

Operating Life (years) 

Modular Advanced Plants 

Modular advanced reactors would employ alternatives 
to the conventional light water reactor technologies used 
in the current generation of commercial nuclear plants to 
achieve the objectives of improved performance and safe
ty, and lower construction and operating costs. Most of 
the proposed designs are highly modular, with unit sizes 
ranging down to the 100 to 200 megawatt level. These 
small sizes would permit greater factory fabrication, better 
quality control, shorter construction lead time and would 
allow for improved containment of radioactive materials. 
Several design concepts envision arrays of small reactors 
operated by a central control room and supplying a com
mon turbine-generator to capture some of the economies 
of scale associated with larger plant sizes. 

Examples of this generation of advanced designs in
clude the Asea Brown-Bovari PIUS, the General Atomic 
Modular High Temperature Gas-Cooled Reactor and the 
General Electric PRISM. These designs are currently at 
the conceptual stage of development. It is not expected 
that they would be certified for commercial use prior to 
2000. 

Environmental Considerations 

This section presents an overview of the principal im
pacts a nuclear power plant could have on the environ
ment. A summary of the general air, water, waste and 
land-use impacts is provided, as well as description of mit
igating measures. Many of the environmental impacts of 
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Enriched Uranium 

1 Unit @ 1,100 

10,530 

68 

60 

72 

Not Available 

$1,150 - $1,700 

Comparable to Current Designs 

Comparable to Current Designs 

Slightly Less than Current Designs 

1.0 

Slightly Less than Current Designs 

40 

nuclear generating plants are those common to other cen
tral-station generating facilities. This discussion is general 
(i.e., not plant-specific) and focuses upon unique aspects 
of nuclear plants.31 

Atmospheric Impacts 

The primary atmospheric impacts resulting from the 
construction of a nuclear power plant are localized and 
common to large construction projects. They include an 
increase in atmospheric dust due to removal of existing 
groundcover during construction activities and a decrease 
in air quality due to pollutants related to automobile ex
haust. 

The potential atmospheric effects of nuclear power 
plant operation occur as a result of heat and moisture re
leased from the plant cooling system, cooling tower drift, 
transmission line corona discharge and release of airborne 
radioactive materials. With the exception of airborne ra
dioactive effluents, these effects are common to all large 
thermal generating facilities. Oxides of sulfur, nitrogen 
and carbon dioxide are not released in significant quanti
ties by an operating nuclear power plant. Fuel enrichment, 
an electricity-intensive process, will, however, result in 

31. The material in this section is adapted from Battelle, Pacific 
Northwest Laboratories. Assessment of Electric Power Conse,va
tion and Supply Resources in the Pacific Northwest, Volume XIV 
Nuclear. Prepared for the Northwest Power Planning Council in 
April 1983. 
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some release of these materials, since U.S. fuel enrich
ment plants are powered by utility systems using coal-fired 
generation. 

Airborne radioactive effluents can be divided into sev
eral groups. First are isotopes of the fission-produced 
noble gases, krypton, xenon and argon. These do not de
posit on the ground and are not absorbed and accumu
lated within living organisms. Treatment of noble gas 
effluents generally consists of collection, hold-up to per
mit decay of shorter-lived isotopes, followed by release. 
Noble gas isotopes act primarily as a source of direct ex
ternal radiation emanating from the effluent plume. 

A second group of airborne radioactive effluents, the 
fission-produced radioiodines, as well as carbon 14 and 
tritium, also are gaseous, but these effluents tend to be 
deposited on the ground and/or inhaled into the body. 
Because these are active elements that may be incorpo
rated within the body, concentrations of iodine in the thy
roid and of carbon 14 in bones are of particular 
significance. Currently, iodine 131 is captured by filtration 
through charcoal beds. Carbon 14 and tritium are re
leased. 

The third group of airborne effiuents consists of par
ticulates. These include fission products, such as cesium 
and barium, and activated corrosion products, such as co
balt and chromium. Particulates are controlled by filtra
tion in high-efficiency particulate filters. 

Federal regulations32 specify limits on levels of radi
ation and limits on concentrations of radionuclides in re
leases in the air and water. These regulations state that no 
members of the general public in unrestricted areas shall 
receive a radiation dose as a result of facility operation of 
more than 0.5 rem33 in one calendar year or, if an individ
ual were continuously present in an area, 2 millirem in any 
one hour or 100 millirem in any seven consecutive days to 
the total body. Experience with the design, construction 
and operation of nuclear reactors indicates that average 
annual releases of radioactive material and effluents typi
cally will be small percentages of federal limits. 

Water Impacts 

Potential water-related effects of nuclear power plant 
operation include thermal discharges, release of water
borne chemical pollutants, water consumption and release 
of waterborne radioactive materials. 

Because of potential thermal impacts to aquatic or
ganisms residing in surface waters, either through raising 
of the temperature of the receiving waters or by thermal 
shock accompanying changes in plant operation, most con
temporary power plants use the atmosphere as a heat sink. 
This is accomplished by use of closed-cycle cooling involv
ing the use of cooling ponds, lakes or canals, or natural
draft or mechanical-draft cooling towers for heat 
exchange with the atmosphere. 

Due to partial evaporation of the coolant in evapora
tive cooling towers, the natural concentration of contami
nants, such as mineral salts, that enters the system in the 
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make-up water continually increases. These increases are 
controlled through periodic blowdown of the coolant. Por
tions of the coolant are withdrawn and replaced with fresh 
coolant. Because of the concentration of impurities, the 
blowdown can be environmentally damaging when dis
charged to receiving waters. Waste water treatment tech
niques can be used to remove impurities prior to discharge 
of the withdrawn coolant. "Zero discharge'' plant designs 
incorporating total recycle of plant water are available. 
Typically, a large power plant, whether nuclear or fossil, 
requires about 40 or 50 cubic feet per second of cooling 
water make-up, assuming it uses evaporative cooling tow
ers. About two-thirds of this amount is evaporated into 
the atmosphere and one-third is returned to the receiving 
water body as withdrawn coolant. The effect of water 
withdrawals and discharges of this magnitude depends on 
the affected water body. 

In addition to thermal discharges, there may be re
lease of waterborne radioactive materials, including fission 
products such as nuclides of strontium and iodine, activa
tion products such as sodium and manganese, and tritium. 
Standards are established to control internal doses, if any, 
from fish consumption, from water ingestion (as drinking 
water), from eating and any direct external radiation from 
recreational use of the water near the point of discharge. 
Monitoring programs are established to verify that stan
dards are not exceeded. 

Solid Radioactive Waste Disposal 

Radioactive isotopes produced as a result of reactor 
operation include fission products, actinides and activation 
products. Fission products are radioisotopes formed as the 
products of the fissioning of uranium and plutonium dur
ing reactor operation. Actinides are the isotopes of ele
ments, of atomic weight 89 (actinide) and greater. For 
commercial reactors, the actinides of greatest significance 
include residual amounts of unfissioned uranium fuel plus 
unfissioned plutonium and other actinides formed by 
transmutation of uranium during reactor operation. Acti
vation products include radioisotopes formed by neutron 
flux during reactor operation. 

The classes of radioisotopes described above appear in 
a variety of physical and chemical forms during the course 
of reactor operation. Airborne particulates and gaseous 
wastes were discussed earlier; the solid waste forms will be 
discussed here. 

32. 10 Code of Federal Regulations 20 Standards for Protection 
Against Radiation. 

33. A rem is the dosage of any ionizing radiation that will cause 
the same amount of biological injury to human tissue as one 
roentgen of high-penetration x-rays. A millirem is one-thou
sandth of a rem. 
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Techniques for treatment and disposal of radioactive 
waste depend upon the physical and chemical characteris
tics of the waste form as well as the radiological character
istics of the contained isotopes. For purposes of 
determining the general method of final disposal, radioac
tive waste is classified as high-level waste, transuranic 
waste or low-level waste. 

High-level waste has high concentrations of beta and 
gamma-emitting isotopes and significant concentrations of 
transuranic materials (isotopes of neptunium and heavier 
elements including plutonium). The only reactor product 
within the high level waste category is spent fuel. Spent 
reactor fuel is held in storage at reactor sites, pending the 
completion of a federal repository for spent fuel. 

Transuranic wastes have low levels of beta and gamma 
emissions but significant concentrations of transuranic 
isotopes. Transuranic wastes are produced during normal 
reactor operation, but are contained within the spent fuel 
elements unless the fuel cladding is breached. 

Low-level wastes are characterized by relatively low 
levels of beta or gamma emissions and insignificant con
centrations of transuranic materials. Low-level wastes 
produced during reactor operation include gaseous waste, 
compactable and combustible wastes, concentrated liquids 
and wet wastes, and non-combustible operating and de
commissioning wastes. Disposal of low-level wastes is ei
ther by dilution to acceptable levels and release or by 
shallow land burial. Compactable and combustible wastes 
are reduced in volume by compaction and incineration, 
followed by packaging and deposition in shallow land buri
al sites. Liquids and sludges are solidified, packaged and 
placed in shallow land burial sites. Non-combustible oper
ating and decommissioning wastes are packaged and 
placed in shallow land burial sites. 

Originally, it was planned to develop commercial re
processing plants for the separation of fission products and 
transuranic materials from commercial spent fuel. Ele
ments with no commercial use would be placed in suitable 
permanent disposal facilities while unburned uranium and 
transuranics would be recycled as refabricated nuclear 
fuel. 

In the late 1970s, the United States, because of nu
clear proliferation concerns, abandoned the reprocessing 
option and chose to dispose of spent commercial fuel in 
permanent repositories. Congress, in 1982, passed the Nu
clear Waste Policy Act making the federal government 
responsible for the ultimate disposal of high level nuclear 
wastes, which include spent nuclear fuel. Operators of 
nuclear plants were required to contract with the federal 
government for spent fuel disposal services as a condition 
for maintaining the operating license for their plants. Pay
ment for this service was set at 1.0 mill per kilowatt-hour, 
with adjustments to be made as the costs of this service 
were better defined. This contract specified that the U.S. 
Department of Energy will take title to the spent fuel and 
begin disposal operations no later than January 31, 1998. 

Significant delays occurred in the federal spent fuel 
disposal program due to management issues and resis-
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tance by the states being considered for the waste reposi
tories. In 1987, Congress passed the Nuclear Waste Policy 
Amendments Act designating Yucca Mountain, Nevada, 
as the single site to be developed. 

Recently, the appropriateness of this site has been 
questioned, putting the schedule back once again. Because 
of contractor litigation, quality assurance program prepa
ration delays, lack of a permanent program direction and 
opposition from the state of Nevada, site development has 
not yet begun. The Department of Energy has announced 
a delay in the start-up of the repository to 2010. 

All commercial reactor plants are equipped with a 
spent fuel storage pool. The purpose of this pool is to pro
vide interim spent fuel storage to allow highly radioactive, 
but relatively short-lived, radioisotopes to decay, facilitat
ing subsequent handling of the fuel. Until the federal gov
ernment develops facilities for the storage or disposal of 
spent fuel, spent fuel is being stored at the reactor site in 
the spent fuel storage pools or at on-site dry storage faci
lities. 

In view of the anticipated delays in establishing per
manent spent fuel disposal capability, utilities, the Electric 
Power Research Institute and the U.S. Department of En
ergy have been investigating options for providing addi
tional on-site spent fuel storage. Options that have been 
considered include the following: 

• Reracking of existing spent fuel storage pools with 
high-density fuel racks to permit storage of additional 
fuel elements. Reracking has been completed at 
WNP-1, WNP-2 and WNP-3. 

• Fuel assembly consolidation to increase the density of 
spent fuel stored in existing pools. 

• Additional on-site spent fuel storage pools. 

• On-site dry storage vaults, silos or drywells. These 
would hold spent fuel that has aged to the point at 
which decay heat could be removed by air-cooling. 

• Dry storage casks placed on on-site concrete storage 
pads. These would be used for storage of aged spent 
fuel. 

In addition to the options described above, improved 
nuclear fuel design has reduced the amount of spent fuel 
produced by plant operation. 

Land Use Impacts 

The land uses for a nuclear power plant include the 
land required for the project itself, as well as transmission, 
railroad spur and highway access rights-of-way. Typically, 
the land-use requirements for a large nuclear station will 
be one to two square miles. The developed area for 
WNP-1 (including the terminated WNP-4 plant) is about 
972 acres. The developed site area for WNP-3 (including 
the terminated WNP-5 plant) is about 270 acres. In addi
tion, an exclusion area with a 0.8-mile radius (about two 
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square miles) surrounds each site. Railroad, highway, 
transmission and water intake and outfall lines are typical
ly less than several miles in length each. 

Not all of the land that is set aside for a nuclear plant 
is affected by construction. Typically, about 100 to 200 
acres of the land is converted from its present condition to 
other uses. These uses include construction of the build
ings, structures and laydown areas. Much of the exclusion 
area remains in natural condition or in low-intensity land 
use. 

Soil erosion can be a significant problem at a large 
construction site. Special soil management practices are 
typically required to minimize adverse land and vegetation 
impacts during construction. Where there are small 
streams, erosion of exposed soil must be controlled to con
trol sediment load, and disturbance of vegetation along 
the stream's banks must be minimized. 

Fish and Wildlife Impacts 

The principal impacts of nuclear power plants upon 
fish and wildlife result from withdrawal of water for waste 
heat rejection and from preemption of habitat by the 
plant. 

Nuclear power plants require more cooling water and 
produce more waste heat than a fossil fuel plant of com
parable capacity. But with the closed-cycle cooling sys
tems, thermal loading of aquatic ecosystems is not a 
crucial issue, provided the power plants do not withdraw 
from waters of critical environmental concern. 

Cooling water withdrawal presents a potential for im
pingement and entrainment of fish and other aquatic or
ganisms. Impingement and entrainment impacts are highly 
variable, depending on plant location and physical and 
biological phenomena at each site. 

On-site storage, transfer and disposal of radioactive 
wastes are expected to result in no damage to the environ
ment or to fish and wildlife. 

Prospects for New Nuclear Plants 
in the Pacific Northwest 

Three generations of new nuclear power plant designs 
are presently under development. The most advanced of 
these (in the sense of schedule) are the so-called Large 
Evolutionary Advanced Plants. These plants are basically 
refinements of existing models offered by U.S. vendors, 
and are expected to be certified for U.S. construction by 
the Nuclear Regulatory Commission by the early 1990s. 
The first are expected to see service in Japan in the late 
1990s. There is little evidence of interest in these plants by 
any U.S. utility, because they would face many of the de
velopment issues faced by conventional light water com
mercial reactors. Though these plants might be easier to 
build and achieve better performance, they will retain the 
large size and active safety systems of current designs. Be
cause of the investment risk presented by such large 
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plants, lengthy construction period, and the large plant 
size, the Council has not included these plants in its re
source portfolio. 

The small evolutionary plant designs would address 
some of the major development issues associated with nu
clear power. Cost uncertainties will likely be reduced and 
public acceptance might improve because of passive safety 
systems and improved cost and schedule certainty. Smaller 
plants, shortened construction time, and greater cost cer
tainty should help alleviate investment risk. These plants 
might be available for commercial operation in the 2000 to 
2002 period. 

Finally, modular advanced designs may be certified for 
construction near the end of the century. These designs 
would further reduce investment risk by using much small
er unit sizes. Plant safety should be improved, in an abso
lute sense, by improved containment of radioactive 
materials and innovative system design. Cost reductions 
and greater cost certainty should be achieved by using ex
tensive factory fabrication. Commercial units probably will 
not see service before 2005. There is a possibility that the 
Northwest might see a demonstration unit using modular 
advanced technology, because the U.S. Department of 
Energy is considering construction of a tritium production 
reactor with this technology at the Idaho National Engi
neering Laboratory. This plant could come online around 
the end of the century. 

None of the advanced designs address the issue of 
high-level waste disposal. By providing additional on-site 
spent fuel storage, utilities can prolong plant operation 
until such time as a high-level waste repository is devel
oped. Alternatively, the federal government or utilities 
could develop centralized monitored retrievable storage 
facilities for interim storage of spent fuel. 

The more advanced design concepts, the Small Evolu
tionary Advanced plants and the Modular Advanced 
plants, feature smaller unit sizes, passive safety systems 
and other features enhancing their attractiveness. But 
there is great uncertainty with respect to the time when 
these plants will be available for construction. Because 
they are at such an early stage of development, their cost 
and performance characteristics also are highly uncertain. 
Current cost and performance estimates appear attractive, 
but most likely are optimistic design goals and may not be 
realistic. Because of these uncertainties, advanced nuclear 
technologies do not appear, at this time, to be reliable and 
available within the meaning of the Northwest Power Act 
and therefore are not included in the portfolio. The Coun
cil will continue to monitor new nuclear technologies and 
reassess them as part of future power plans. 
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Ocean Energy Resources 

Because of their great surface area, the oceans and 
their overlying atmosphere absorb most of the solar ener
gy intercepted by the Earth. The oceans also receive ener
gy through the gravitational attraction of the moon and 
sun, and geothermal energy from the sea floor. These var
ious sources of energy are manifested as wave power, ma
rine biomass growth, oceanic winds, salinity gradients, 
thermal gradients, tidal power and ocean currents. Be
cause of their larger area the oceans may offer a greater 
source of renewable energy than the earth's land offers. 

Many concepts have been advanced for producing use
ful power from ocean energy sources. Few of these pro
posals have achieved commercial viability. Although the 
absolute amount of energy from oceanic sources is very 
large, ocean energy resources tend to be very dilute. The 
equipment required to capture this energy and to convert 
it to a useful form must be massive and, therefore, costly. 
In addition, the ocean is a hostile environment. Storm 
surges, corrosion, moisture, motion and fouling by marine 
organisms place demanding requirements on the design 
and maintenance of marine energy conversion equipment. 
Finally, many sources of oceanic energy are intermittent 
and cyclical, lessening the value of power produced from 
these sources. 

The following oceanic sources of power are investi
gated in this section:34 

• wave power; 

• marine biomass production; 

• salinity gradients (salinity differences) between marine 
waters and fresh water discharges from streams; 

• tidal power; 

• ocean currents; and 

• thermal gradients (temperature differences) between 
surface waters and waters at depth. 

In this section, the technology available to exploit 
each of these resources will be described, along with spe
cial issues related to the resource, the potential size of the 
resource in the Pacific Northwest, and estimated costs of 
energy from the resource. 

Ocean Wave Power 

The extraction of electrical power from ocean waves 
has been under consideration since the 19th century. 
Hundreds of patents were filed on wave energy conversion 
devices between 1900 and 1930. Bouchaux-Praceique con
structed the first operating system in France in the early 
20th century. Interest intensified following the increase in 
petroleum prices in 1973, and major research programs 
were established in Great Britain, Norway and Japan. 
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Theoretical understanding of wave energy conversion 
has been greatly advanced during the last two decades. 
Many conceptual designs have been analyzed, some theo
retically capable of very high energy conversion efficien
cies. Extensive laboratory analysis and field testing of scale 
models was conducted by the British prior to termination 
of the government program in 1985. The Japanese in
stalled several full-scale pneumatic wave-energy conver
sion systems on the KAIMEI wave energy test barge, 
which supplied energy to the Japanese grid briefly in 1980. 
More recently, the Japanese have deployed a 30-kilowatt 
shoreside system using the pneumatic technology tested 
on KAIMEI. The Japanese also market a small (60 watt) 
buoy-mounted pneumatic wave energy device for power
ing maritime navigational aids. Norwegian work has been 
directed to shoreside conversion devices that use wave-fo
cusing structures to concentrate wave energy. A 500-kilo
watt pilot plant using wave-focusing structures and a 
pneumatic turbine was installed by Kvaerner Brug A/Sat 
Toftovstallen, near Bergen. This plant operated commer
cially from November 1985 until January 1989, when it was 
swept off its foundation and destroyed in a severe storm. 
A second 350-kilowatt plant using wave-focusing struc
tures and a hydraulic turbine, referred to as TAPCHAN, 
has been installed by Norwave A/S, also near Toftovstal
len. 

Although there is currently no U.S. government fund
ing of wave power studies, Virginia Power, the North Car
olina Alternative Energy Corporation, the state of Hawaii 
and Pacific Gas and Electric Company are funding wave 
energy resource assessments and economic feasibility stu
dies. 

Wave Power Technology 

Wave energy conversion devices can be classified by 
the type of energy absorption mechanism, working fluid 
(pneumatic or hydraulic) and whether fixed or floating. 
Figure 8-29 illustrates the principal designs showing prom
ise for commercial application. 

34. In addition to the renewable resources listed, natural gas 
and petroleum resources are suspected to be present off the 
Northwest coast. The future price and availability of fossil fuels 
for electric power generation are examined separately by the 
Council. 
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Figure 8-29 
Wave Power Plant Conceptual Designs 

Surge 
Device 

Oscillating 
Water 

Column 

g) 

a) 

Heaving 
Float 

Buoy 

~"" 
/ Plate 

, , 

.'!'···'-~. '· .. ·': '· . . . . 
b) 

Buoyaulic 

C id 

, ,. 
,' Plate 

i.':'.':: :'-:'.·.·.'- .... ·. 

Heaving and 
Pitching Float 

d) 

Buoy 

Hydraulic 
JCluid 

Pitching 
Device 

Raft 

Hydraulic 
Fluid -flo·;p~e 

e) Duck~ 

Flap 

I 

' I 

. --~·!!¥-':'··::·'~·=~·--.:~. 

Hydraulic 
Fluid 

Fixed Platfom1 
Fixed 

Platform 

CHAPTERS 

561 



' l 

CHAPTERS 

Heaving float devices employ the vertical motion of a 
wave-actuated buoy to operate a pump. The pressurized 
working fluid operates a turbine generator to produce 
electricity. In one variation of the heaving buoy design, the 
pump is anchored to the sea floor (see Figure 8-29(a)). 
The Danish Rasmussen KN System is of this type. A 
1-kilowatt prototype of this design has been tested at sea 
(Hagerman and Heller, 1988). Alternatively, the pump can 
be anchored to a submerged horizontal plate that acts as a 
sea anchor (see Figure 8-29(b)). The Swedish Gotaverken 
Hose Pump is of this <lesign. A 30-kilowatt prototype of 
the hose pump has been tested at sea. 

Devices using combined heaving and pitching floats 
theoretically are more efficient than devices limited to 
heave, because energy is absorbed from both motions. The 
Canadian NORDCO Wave Energy Module (see Figure 
8-29(c)) uses a buoy, free to pitch and heave, with hydrau
lic pumps mounted around its circumference. The pumps 
are secured to a submerged flat plate. A 1-kilowatt proto
type of this design has been tested on Lake Champlain. 
The Sea Energy Corporation, a U.S. firm, has developed 
the Contouring Raft (see Figure 8-29(d)), in which pump
ing motion is developed between a fixed buoy and a raft 
free to pitch and heave. Wave tank tests of a 1/15-scale 
model of this device have been conducted. 

Pitching devices capture energy from wave-induced 
pitching motion. The British Salter Nodding Duck (see 
Figure 8-29(e)) uses the rotational movement of a series 
of cam-shaped floats mounted along a floating spine to 
pump hydraulic fluid through turbine-generators. A 
1/10-scale model of this device has been tested on Loch 
Ness. The Q Corporation, a U.S. firm, has developed the 
Tandem Flap (see Figure 8-29(f)). The Tandem Flap uses 
twin flaps, hinged on a sea-floor foundation ( only one flap 
is shown in the figure) to capture wave energy. The flaps 
power hydraulic pumps that drive a turbine-generator. A 
20-kilowatt prototype of this design has been tested in 
Lake Michigan. The feasibility of this device, as with other 
devices mounted on the sea floor, depends upon depth 
and bottom conditions. 

Oscillating water column (OWC) devices use wave 
motion to establish a vertically oscillating water column in 
an enclosed chamber. The Neptune system of the Austra
lian firm, Wave Power International, uses a buoy floating 
on an oscillating water column contained within a bottom
mounted enclosure to power hydraulic pumps (see Figure 
8-29(g)). The pressurized hydraulic fluid operates a tur
bine generator. A 1/12-scale model of this device has been 
tested in a wave tank. Most oscillating water column de
vices use the air displaced by the oscillating water column 
to drive an air turbine directly. An example is the Norwe
gian Kvaerner Brug Multi-resonant Oscillating Water 
Column (see Figure 8-29(h)). As mentioned earlier, a 
commercial-scale (500-kilowatt) unit operated at Toftov
stallen, near Bergen, from November 1985 until January 
1989. 

Most OWC designs are shore or bottom-mounted. 
However, one design, the Backward Bent Duct Buoy 
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(BBDB) of the Japanese Ryokuseisha Corporation, is a 
floating device (see Figure 8-29(i)). The ability to float 
would free OWC devices from the limitations of shore or 
near-shore locations. A 1/10-scale prototype BBDB has 
been tested at sea. A small-scale OWC generator for 
powering maritime navigational aids is commercially pro
duced in Japan. 

Surge devices extract energy from forward horizontal 
wave forces. The British Sea Energy Associates' (SEA) 
Clam (see Figure 8-29(j)) is one such device. Each clam 
would consist of a ring-shaped hollow float (spine) 
moored offshore. Air bags attached to the exterior sides of 
the clam would be alternately compressed and rein±1ated 
by the incident waves. The compressed air would drive air 
turbines to produce electricity. A 1/10-scale model of a 
straight-spine clam (a less efficient earlier design) has 
been tested on Loch Ness. The Norwegian Norwave Ta
pered Channel (TAPCHAN) power plant (see Figure 
8-29(k)) is another design employing wave surge energy. 
In this design, a tapered channel leading to the shore
mounted plant is used to focus and amplify wave crest 
heights. After passing through the channel, the waves spill 
into a reservoir. Water from the reservoir is directed back 
to sea through a turbine generator. A 350-kilowatt TAP
CHAN is operating at Toftovstallen. 

Wave Power Development Issues 

Wave energy power plant designs generally are in an 
early stage of development, and long-term prototype test
ing and commercial demonstration would be required 
prior to large-scale deployment in the Pacific Northwest. 
Prototypes of numerous conceptual designs have been 
tested, but the only designs that have been commercially 
demonstrated are shore-mounted devices (the Norwegian 
Kvaerner oscillating water column and Norwave TAP
CHAN plants). Because of land-use conflicts and aesthet
ic considerations, it seems unlikely that shore-mounted 
devices could be deployed extensively in the Northwest. 
Further development and full-scale demonstration of off
shore technologies are required. Major technical problems 
remain to be resolved, including the demonstration of 
mooring and electric power transmission systems, and the 
development of power conversion equipment (pumps, tur
bines, etc.) reliable enough to allow unattended operation. 
Storm-caused wave energy surges and the corrosiveness, 
moisture and motion of the marine environment pose se
vere challenges to the reliability and longevity of wave 
power equipment. Mooring and submarine power cable 
technologies used for offshore oil exploration and produc
tion show promise for adaptation to wave energy conver
sion systems. 

Integration into the regional power system would have 
to be carefully planned because of the intermittency of 
wave power. Even if technically proven, it is not clear that 
wave-generated energy can be economically competitive 
with alternative resources. Although preliminary estimates 
suggest that certain wave power systems could ultimately 
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be cost-effective compared with conventional coal-fired 
power plants, considerable development and testing of 
wave power devices are required to confirm the cost and 
performance of these devices. 

Near-shore wave energy conversion devices may 
create "wave shadows.'' The sensitivity of shore areas to 
these impacts may vary, allowing wave energy to be devel
oped in certain localities and not in others. The nature 
and magnitude of these impacts are not well understood. 
Offshore devices are less likely to produce this effect, be
cause waves passing through the power plant will lose only 
a portion of their energy. Furthermore, waves passing 
through gaps between the plants will diffract, re-establish
ing a wave field behind the plants. Sections of the near
shore environment may change from the reduced wave 
action, which can affect longshore sediment transport and 
beach stability. Ecosystem composition and productivity 
may change. 

The aesthetic impacts of offshore wave energy power 
plants should be minor, but shore-mounted devices might 
have significant aesthetic impacts. Offshore devices would 
have to be sited and marked to protect navigation. Drift
ing units, broken from their moorings, could pose a threat 
to navigation and could create aesthetic impacts and prop
erty damage if washed ashore. 

Restricted funding for research and development is 
the most significant constraint to development of wave 
energy systems. Concerns about the potential environmen
tal impact of these devices on sensitive coastal areas may 
constrain siting and licensing of wave energy systems. 

Wave Power Potential in the Pacific 
Northwest 

Waves are produced by the action of wind blowing 
over water. Wave energy is roughly a fifth-power function 
of wind speed; therefore, small variations in wind speed 
may produce extreme daily and seasonal fluctuations in 
wave energy. Wave energy fluctuations are, however, tem
pered by the inertia of water and by swells originating 
from distant storms. A plus is that wave power in the Pa
cific Northwest peaks in winter when loads also peak. 
Computer simulations based on observations during 1974 
and 1975 showed average monthly wave power off the 
Northwest coast to have a seasonal variation of a factor of 
20 (Pierson and Sali, 1986). In a recently completed study 
for Pacific Gas and Electric Company, SEASUN Power 
Systems, using measured data, estimated that quarterly 
average incident wave power off northern California va
ries by a factor of 4 to 6 between winter and summer 
(Hagerman, 1989). 

The wave energy of the mid- and North Pacific Coast 
is the best of any coastal area in the United States. The 
estimated average wave power at near-shore locations 
ranges from 6 to 9 kilowatts per meter of wave crest. Off
shore, the estimated average wave power is 37 to 38 kilo
watts per meter of wave crest. The theoretical wave power 
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potential of the roughly 350 mile coastline of Washington 
and Oregon is approximately 3,400-5,100 megawatts for 
near-shore sites or 21,000 megawatts for offshore sites. 
Wave power devices for offshore deployment should have 
energy conversion efficiencies of at least 12 percent. This 
suggests the technical wave energy potential for the Pacif
ic Northwest, using current technology, might be within 
the range of 400 to 2,500 average megawatts. Factors such 
as the need to maintain clearance between units, plant 
unavailability, electrical losses (conversion system and 
transmission losses) and site limitations due to navigation
al, aesthetic or other environmental reasons would reduce 
this technical potential. 

Cost and Performance of Wave Power 
Devices 

Only preliminary cost information is available for 
most wave power system designs. Detailed engineering 
cost estimates, however, are available for the devices 
sponsored by the British government, including the SEA 
Clam. The Massachusetts Institute of Technology (under 
contract to the Electric Power Research Institute (EPRI)) 
prepared cost estimates for an array of SEA Clams, scaled 
to wave conditions of the Pacific Coast (EPRI, 1986). The 
estimated cost and performance characteristics of this 
array are shown in Table 8-40. 

Assuming investor-owned utility development, the 
straight-spine SEA Clam would produce energy at a cost 
of about $1.11 per kilowatt-hour in levelized 1990 nominal 
dollars. 

Cost estimates for the circular-spine SEA Clam de
sign were not available at the time the EPRI SEA Clam 
estimates were prepared. Scale model tests and subse
quent cost estimates have indicated that the cost of energy 
from a I-megawatt to 2-megawatt circular SEA Clam 
would be about half that of a straight-spine design (Hag
erman and Heller, 1988). It is not known to what extent 
this reduction would apply to SEA Clams scaled to North 
Pacific Coast wave conditions. 

A recent assessment of wave power potential jointly 
sponsored by Virginia Power and the North Carolina Al
ternative Energy Corporation (Hagerman and Heller, 
1989) indicated that the Gotaverkin Hose Pump may be 
able to produce electric energy at costs considerably less 
than the cost of production from a circular SEA Clam. 
The hose pump has a further advantage for North Pacific 
applications in that, unlike the SEA Clam, the physical 
size of the device is not a strong function of wave length. 
The amount of materials and fabrication per unit capacity, 
can be relatively smaller with the longer wave lengths of 
the North Pacific. 
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Table 8-40 
Cost and Performance Characteristics for Ocean Wave Power Units (1990 Dollars) 

Type Straight Spine SEA Clam Gotaverkin Hose Pump 

Location North Pacific Coast, Offshore North Atlantic Coast, Offshore 

Number of Units 25 @ 7.9 MW each Not Available 

Rated Capacity 198 MW (net) 64MW 

Capacity Factor 

Construction Cost 

Operation and Maintenance Cost 

Operating Life 

Cost estimates for the Gotaverkin Hose Pump, taken 
from Hagerman and Heller, were adjusted to make them 
more comparable with the SEA Clam costs appearing in 
Table 8-40. 35 The resulting costs and plant characteristics 
are shown in the right-hand column of Table 8-40. Assum
ing investor-owned utility development, this plant would 
produce energy at a cost of about 22 cents per kilowatt
hour in levelized nominal dollars. 

Conclusions: Wave Power 

The most promising of the oceanic energy resources 
for the Pacific Northwest appears to be ocean wave ener
gy. The Pacific Northwest wave climate is the most ener
getic of any of the contiguous United States and is within 
the range of wave power levels considered suitable for 
wave energy development. Estimated energy costs for off
shore devices are, at the lower end of their range, close to 
the Council's current long-term marginal resource cost. 
Shore-mounted wave energy conversion devices are the 
most mature technologies available for wave energy power 
generation, having been demonstrated at the commercial 
scale. But, because of land use conflicts and aesthetic im
pacts, suitable sites for shore-mounted devices are likely 
to be few in the Pacific Northwest. Off-shore (floating) 
wave energy conversion systems hold more promise for 
widespread application in the Pacific Northwest, but this 
technology has not advanced beyond the scale model test
ing stage. Widespread commercial deployment of wave 
power devices in the Pacific Northwest would require 
these preconditions: development and testing of proto
types for operation under North Pacific conditions, dem
onstration of a commercial-scale project, and detailed 
resource and economic feasibility assessments. Prospects 
for rapid advancement of offshore wave energy technology 
are diminished by low levels of private and government 
research support. 
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30 years 30 years 

Marine Biomass Fuels 

Methane (the principal component of natural gas) can 
be produced by biogasification of carbohydrates derived 
from marine vegetation. Bio-derived methane could be 
used to power gas turbines, internal combustion engines 
or boiler-steam turbines for electric power generation. 
Cultivation of marine vegetation as an energy source may 
be more promising than cultivation of terrestrial vegeta
tion for this purpose because of potentially greater yields 
per unit area and the availability of a currently unused 
environment. Some federally sponsored research on culti
vation of marine vegetation for energy production was 
conducted through the early 1980s. 

Marine Biomass Production Technology 

Various species of single-cell and multicellular algae 
have been suggested for cultivation for their energy poten
tial. Controlled cultivation would provide optimal growing 
conditions, facilitate harvest and minimize environmental 
impacts. Research suggests that an open-ocean site may 
present an optimal environment for cultivation of one 
promising organism, the giant brown kelp Macrocystis py
rifera. Macrocystis could be grown on moored near-sur
face structures. Wind- or wave-powered pumps would 
pump water from depths of several hundred feet to supply 
nutrients for maximum yield. (North, 1981; Ryther, 
1979/80.) Some concepts envision coupling marine biocul
ture with ocean thermal energy conversion (OTEC) power 
plants to take advantage of the artificial upwelling of 

35. Costs from Table 3 in Hagerman and Heller, 1988, (Baltic 
Sea Hose Pump) were escalated to 1990 dollars using the Gross 
National Product deflator. To these costs were added the cost of 
power transmission to shore (omitted from Hagerman and_Hel
ler) using costs from EPRI, 1986, and the 10-percent add1t1onal 
contingency used by EPRI. 
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nutrients created by these plants. OTEC power plants, 
however, are not feasible in the Northwest. Other propos
als would use sewage as a source of nutrients. 

Dr. Howard Wilcox of the San Diego Naval Undersea 
Center has proposed cultivating giant brown kelp on ar
rays of submerged racks (Constans, 1979). The kelp would 
be harvested periodically, chopped and fed to anaerobic 
digestors. Cellulose contained in the kelp would be con
verted into methane at the rate of 400 cubic meters of 
methane per ton of organic matter. 

Cultivation of marine biomass may provide a way of 
converting the intermittent solar resource into a firm en
ergy supply. Seasonal fluctuations (summer peaks) might 
remain. 

Marine Biomass Fuel Production Issues 

The technology is at a conceptual stage of develop
ment, but there appear to be no insurmountable technical 
obstacles to methane production using marine biomass in 
the Pacific Northwest. 

Preliminary estimates of the cost of producing meth
ane from marine biomass suggest that this product might 
be competitive with natural gas if natural gas prices in
crease as forecast. However, cost estimates for methane 
production from marine biomass are very preliminary, and 
the applicability of these estimates to the Northwest is 
unknown. 

Ecological and aesthetic impacts might arise from lar
ge-scale conversion of protected marine waters to biomass 
cultivation. However, open ocean sites appear to offer 
better prospects for development because of nutrient 
availability. Adverse water quality and ecosystem effects 
could result from the introduction of nutrients into marine 
waters. Near-shore sites could be integrated with tertiary 
sewage treatment, reducing nutrient load in near-shore 
waters. 

A significant constraint to development of marine bio
mass-to-energy concepts is the present lack of research 
support. 

Marine Biomass Resource Potential in 
the Pacific Northwest 

No information was located regarding marine biocul
ture for energy production in the Pacific Northwest. The 
Northwest marine environment is cold, and winter solar 
radiation is limited, possibly reducing production potential. 
However, Northwest waters are rich in nutrients, possibly 
offsetting temperature and solar radiation limitations. 

Cost of Marine Biomass Fuels 

Dr. Wilcox estimated that his approach could produce 
methane at costs ranging from $9 to $27 per cubic meter. 
This is equivalent to $4.42 to $13.81 per million Btu36 in 
1990 dollars. For comparison, the cost of firm contract 
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natural gas is forecast by the Council to range from $4.86 
per million Btu in 1989 to $5.62 per million Btu in 2007 (in 
1990 dollars). 

Conclusions: Marine Biomass 

Cultivation and gasification of marine biomass for pro
duction of methane may have application in the Pacific 
Northwest. Because only very preliminary studies of this 
resource have been made (none in the Pacific Northwest), 
the applicability and cost-effectiveness of this concept in 
the region are very uncertain. It is unlikely that methane 
from ocean biomass will be economically competitive with 
natural gas for many years. 

Salinity Gradient Power 

Energy is released when fresh and saline water are 
mixed. Conceptually, some of this energy could be recov
ered and used to generate electricity. This would be ac
complished using salinity gradient energy recovery systems 
located near the mouths of streams discharging to the sea. 
Several salinity gradient energy conversion concepts have 
been proposed, but none has advanced beyond the concep
tual stage. Although the theoretical resource potential in 
the Pacific Northwest is substantial, much research, devel
opment and demonstration would be required to bring any 
one of these methods to commercial availability. 

Salinity Gradient Power Technology 

Concepts that have been advanced for extraction of 
salinity gradient energy include osmotic hydroturbines; 
dilytic batteries; vapor pressure turbines and polymeric 
salinity gradient engines. 

Osmotic hydroturbines would use the pressure devel
oped across a membrane, exposed to saline water on one 
side and fresh water on the other, to drive a hydropower 
turbine. A proposed design by Reali, illustrated in Figure 
8-30, would consist of a fresh water diversion near the 
mouth of a stream, with a penstock leading to a submarine 
hydropower turbine located at a depth of about 360 feet. 
Fresh water would discharge through the turbine into a 
low-pressure receiving tank. The receiving tank would be 
emptied continuously by "pumping" the fresh water into 
the surrounding seawater by means of an osmotic pressure 
gradient created across semipermeable membranes sepa
rating the fresh and saline water. 

36. Btu (British Thennal Unit) is the amount of heat required 
to raise one pound of water one degree Fahrenheit. 
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Osmotic 
Hydro power 
Plant 

Figure 8-30 
Reali Submarine 
Osmotic Hydropower 
Plant (EPRI 1986) 

Copyright 1986 Electric Power Research 
Institute.. EPRI AP-4921. '·Ocean Energy 
Technologies: The State of the Art ." 
Reprinted with permission. 

Dilytic batteries would use fresh and saline water as 
the electrochemical agents in a battery. Fresh and saline 
water would be separated by an ion exchange membrane. 
An electrical potential would be created across electrodes 
immersed in the two liquids. 

Vapor pressure devices would use the slight difference 
in vapor pressure of saline and fresh water at equal tem
peratures to drive an ultra-low-pressure vapor turbine. 

Finally, certain polymers when immersed expand and 
contract with changes in salinity. Materials such as these 
could be mechanically coupled to a generator. 

The potential energy conversion efficiency of salinity 
gradient power plants is relatively high (an estimated 50 
percent for the Reali osmotic hydropower turbine). These 
devices would produce firm power, seasonally variable due 
to river flow . 

Salinity Gradient Power Development 
Issues 

The large quantities of freshwater discharging to sea
water in the Pacific Northwest may provide a significant 
energy resource that could be recovered using salinity gra
dient energy conversion equipment. But salinity gradient 
energy conversion technology has not progressed beyond 
the conceptual stage, and substantial research, develop
ment and demonstration would be required to bring any of 
the proposed technologies to fruition. Fundamental devel-
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opments, particularly in membrane technology, would be 
required for several of the proposed concepts. Only then 
could the engineering challenges posed by these concepts 
be addressed. 

Furthermore, it is not clear whether natural salinity 
gradients would be adequate to operate a salinity gradient 
power plant. If concentrated brines are required to oper
ate these devices, the technology may be feasible only in 
regions where a sunny coastal climate permits use of evap
oration ponds to produce concentrated brine from seawa
ter. 

Salinity gradient energy conversion concepts are insuf
ficiently developed to permit assessment of environmental 
effects. 

Salinity Gradient Power Potential 
in the Pacific Northwest 

The theoretical salinity gradient energy resource po
tential in the Pacific Northwest is large. The largest dis
charge of fresh water to salt water in the Northwest is 
from the Columbia River. The Columbia River has an 
average discharge of 7,300 cubic meters per second. The 
theoretically available power from a typical freshwater/ 
seawater salinity gradient is 2 average megawatts per cubic 
meter per second of fresh water flow, giving the Columbia 
discharge a theoretical power potential of 15,000 mega
watts. At the 50-percent level of energy recovery forecast 
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for the Reali osmotic turbine, full use of the Columbia's 
discharge would produce 7,500 average megawatts of elec
tricity. Practical constraints would greatly reduce this po
tential. 

Cost and Performance of Salinity 
Gradient Power Plants 

Because salinity gradient generating technologies have 
not advanced beyond the conceptual stage, only extremely 
preliminary estimates are available. The cost of electricity 
from osmotic turbines has been estimated to be consider
ably greater than the cost of energy from alternative 
sources. 

Conclusions: Salinity Gradient Power 

Technologies for recovery of useful energy from salini
ty gradients are in their infancy, and it is not clear that 
current concepts would be able to operate off the natural 
salinity gradient between seawater and fresh water. If sa
linity gradient energy conversion devices could operate on 
naturally occurring salinity gradients, the Pacific North
west would have a large potential resource. 

Tidal Power 

Tidal power plants are hydroelectric plants that use 
the energy of water drawn up by the tides to generate 
electric power. Tidal hydroelectric plants are the most 
mature of the ocean energy technologies discussed in this 
paper. Several commercial plants are in operation. The 
largest plant, a 240-me~awatt installation at the estuary of 
the Rance River on the north coast of France, has oper
ated since 1967. A second tidal hydroelectric plant, an 
18-megawatt installation at Annapolis Royal, Nova Scotia, 
came into service in 1984. Small (submegawatt) plants op
erate in China and in the Soviet Union. 

The Earth's tidal power potential is enormous, and 
tidal hydroelectric plants are a proven and potentially eco
nomical technology. But widespread application of tidal 
hydroelectric generation is constrained by the unusual site 
characteristics required. The key requirement is a large 
mean tidal range, preferably 20 feet or more. Tides of this 
magnitude occur in only a few locations worldwide where 
geography amplifies the tidal range. In addition, tidal elec
tric plants require a large bay or estuary with a narrow, 
relatively shallow entrance suitable for construction of a 
dam. The best North American sites have received exten
sive study, and include Cook Inlet, Alaska, sites in the 
upper Bay of Fundy between New Brunswick and Nova 
Scotia, Cobscook Bay, Maine, and sites in the Gulf of Cal
ifornia. With the exception of Annapolis Royal, none has 
been developed. 
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Tidal Power Technology 

Tidal generating power plants use a variation of con
ventional hydropower technology. A typical plant consists 
of a barrage (dam), sluice gates and a powerhouse with 
low-head hydroturbines. The barrage is constructed across 
the mouth of a bay or estuary to form a controlled basin. 
Sluice gates admit water on the fiood tide and are closed 
near high tide when the basin has filled. When the ebbing 
tide creates sufficient water head between the basin and 
the sea, water is released from the basin through the tur
bines to generate electricity. 

The design described above produces electricity only 
on the ebb tide, slightly less than twice a day on the aver
age. The resulting power is predictable, but cyclical. The 
tidal cycle shifts about an hour per day so power produc
tion is only occasionally coincident with peak loads. 

Design features such as multiple pools, reversible tur
bines and pump-storage permit more continuous produc
tion of power. These features often do not prove 
economical. 

Tidal Power Development Issues 

Development of tidal hydroelectric power in the Pacif
ic Northwest appears to be technically and economically 
precluded by insufficient mean tidal ranges. Because a 
tidal hydroelectric power plant employs relatively mature 
technology, it is unlikely that technological improvements 
in the foreseeable future will make tidal hydroelectric 
technology technically feasible or cost-effective in the Pa
cific Northwest. 

The potential environmental impacts of tidal hydro
electric development have been assessed for several sites 
in Cook Inlet, Alaska, an area having environmental char
acteristics somewhat similar to the Pacific Northwest. 
Construction of tidal-hydroelectric plants at the Cook In
let sites was expected to alter circulation and fiow patterns 
significantly within the controlled basin and in areas out
side the barrage. These alterations probably would lead to 
water quality changes, including concentration of pollut
ants. Increased siltation within the basin could be ex
pected. Plant construction would change the basin from a 
high-energy to a low-energy marine environment with 
consequent ecological and aesthetic effects. Passage of 
salmonids, plankton, larval shellfish and marine mammals 
would be restricted. 

Tidal Power Potential in the Pacific 
Northwest 

Tidal hydroelectric power plants require a mean tidal 
range of 20 feet or greater and a bay or estuary of large 
volume with a relatively narrow and shallow entrance. 
Mean tidal ranges in the Pacific Northwest are between 
4.5 to 10.6 feet, with the greatest mean tides found in bays 
and inlets of southern Puget Sound (see Table 8-41). The 
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best Northwest sites have only slightly more than half the 
mean tidal range of potentially feasible North American 
sites. Because the power production potential of a tidal 
electric plant is a function of the square of the mean tidal 
range, energy from the best Northwest tides (assuming 
geographically suitable sites were available) could be ex
pected to cost about three times that of the proposed 
plant at Half Moon Cove, Maine. 

GENERATING RESOURCES 

Cost and Performance of Tidal Power 
Plants 

The cost of tidal electric power plants is site-specific. 
The cost example in Table 8-42, for a proposed plant at 
Half Moon Cove, is illustrative only, because no compara
ble sites exist in the Pacific Northwest. 

Assuming investor-owned utility development, this 
plant would produce energy at a cost of about 28 cents per 
kilowatt-hour in levelized nominal 1990 dollars. 

Table 8-41 
Mean Tidal Range at various Oregon and Washington Bays, Inlets and Estuan·es (feet) 

Site Mean Tidal Range (feet) Source 

Alsea Bay, Oregon 5.8 From Percy, et al. , 1974 

Chetco Bay, Oregon 5.1 From Percy, et al., 1974 

Coos Bay, Oregon 5.6 From NOAA, 1988 

Coquille Bay, Oregon 5.2 From Percy, et al. , 1974 

Elk River Estuary, Oregon - 5 From Percy, et al. , 1974 

Nehalem Bay, Oregon 5.9 From Percy, et al. , 1974 

Nestucca Bay, Oregon 5.8 From Percy, et al., 1974 

Netarts Bay, Oregon 5.7 From Percy, et al., 1974 

Pistol River Estuary, Oregon -5 From Percy, et al., 1974 

Rogue River Estuary, Oregon 4.9 From Percy, et al., 1974 

Salmon Bay, Oregon 5.8 From Percy, et al., 1974 

Sand Lake, Oregon 5.7 From Percy, et al., 1974 

Siletz Bay, Oregon 5.0 From Percy, et al. , 1974 

Siuslaw Bay, Oregon 5.2 From Percy, et al., 1974 

Sixes River Estuary, Oregon -5 From Percy, et al. , 1974 

Tillamook Bay, Oregon 5.7 From Percy, et al., 1974 

Umpqua Bay, Oregon 5.1 From Percy, et al., 1974 

Winchuck River Estuary, Oregon - 5 From Percy, et al. , 1974 

Yaquina Bay (Newport), Oregon 6.0 From NOAA, 1988 

Youngs Bay, Oregon 6.7 From NOAA, 1988 

Blind Bay, Shaw Island, Washington 4.5 From NOAA, 1985a 

Budd Inlet (Olympia), Washington 10.5 From NOAA, 1988 

Commencement Bay (Tucoma), Washington 8.1 From NOAA, 1988 

Comet Bay, Whidbey Island, Washington 6.6 From NOAA, 1985a 

Drayton Harbor, Washington 5.9 From NOAA, 1985a 

Eagle Harbor, Bainbridge Island, Washington 7.8 From NOAA, 1985b 

566 1991 NORTHWEST POWER PLAN-VOLUME II 



GENERATING RESOURCES CHAPTERS 

Table 8-41 (cont.) 
Mean Tidal Range at Various Oregon and Washington Bays, Inlets and Estuaries (feet) 

Site Mean Tidal Range (feet) Source 

Elliot Bay (Seattle), Washington 7.7 From NOAA, 1988 

Fisherman Bay, Lopez Island, Washington 4.4 From NOAA, 1985a 

Gig Harbor, Washington 8.2 From NOAA, 1985b 

Grays Harbor (Aberdeen), Washington 7.9 From NOAA, 1988 

Henderson Bay, Washington 9.4 From NOM 1985b 

Liberty Bay, Washington 8.0 From NOAA, 1985b 

Oakland Bay (Shelton), Washington 10.6 From NOAA, 1985b 

Penn Cove, Whidbey Island, Washington 7.8 From NOAA, 1985a 

Port Gardner (Everett), Washington 7.4 From NOAA, 1988 

Port Ludlow, Washington 6.4 From NOM 1985b 

Port Townsend, Washington 5.2 From NOAA, 1988 

Quartermaster Harbor, Vashon Island, Washington 8.2 From NOM 1985b 

Roche Harbor, San Juan Island, Washington 4.4 From NOAA, 1985a 

Sinclair Inlet, Washington 8.0 From NOAA, 1985b 

The Great Bend (Hood Canal), Washington 8.1 From NOAA, 1985b 

West Sound, Orcas Island, Washington 4.5 From NOAA, 1985a 

Willapa Bay (South Bend), Washington 7.8 From NOAA, 1988 

Table 8-42 
Cost and Performance Characteristics for a 12-Megawatt Tidal Hydroelectric Power Plant 

(EPRI, 1986, Escalated to 1990 Dollars) 

Type 

Location 

Mean Tidal Range 

Rated Capacity 

Capacity Factor 

Construction Cost 

Operation and Maintenance Cost 

Operating Life 

Conclusions: Tidal Power 

Tidal hydroelectric power plants are a proven technol
ogy. Pacific Northwest tidal conditions, however, are inad
equate to support cost-effective operation of currently 
available technology. Moreover, technological improve-
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Tidal Hydroelectric Power Plant 

Half Moon Cove, Maine 

18 feet 

12 MW (net) 

35.5% 

$4,175/kW 

$18.30/kW/yr. 

30 years 

ments that could allow use of Pacific Northwest tidal re
sources for electricity generation do not appear likely in 
the foreseeable future. 
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Ocean Current Power 

The kinetic energy of flowing water can be extracted 
by water-current turbines. Water-current turbines, unlike 
conventional hydropower turbines, operate on principles 
similar to wind turbines. Water-current turbines could be 
used to extract energy from both ocean and stream cur
rents, and in fact, much of the interest in water-current 
turbines stems from possible stream applications. 

Water-current turbines were first studied in 1970 as a 
mechanism for extracting energy from the Florida Current 
(the Gulf Stream). Subsequently, water-current turbine 
research has received modest private and federal support. 
Conceptual designs for both river and marine applications 
have been proposed and scale models have been tested. A 
2-kilowatt unit was briefly demonstrated in Florida in 
1985. Proposals have been advanced for a 100-kilowatt and 
a one megawatt-scale demonstration unit. 

Ocean Current Power Technology 

Conceptual water-current turbine designs for marine 
applications consist of one or more fan-like blade assem
blies suspended across the prevailing current. The slowly 
rotating blades would drive a generator through a me
chanical transmission, or would themselves form the rotor 
of an induction generator. These power plants would be 
tower mounted, or would be suspended from buoys and 
tethered to anchors. Vertical-axis (Darrius) designs also 
have been investigated. 

Because the kinetic energy of flowing water is a dif
fuse energy source, current turbines must be physically 
large. A typical river current turbine design using 14-foot 
diameter rotors, would produce 20 kilowatts. One marine 
design, the Coriolus ducted turbine, would produce 6.6 
megawatts from twin contra-rotating blades 300 feet in 
diameter. 

Power is a function of the velocity of the current 
cubed. The performance of these machines is, therefore, 
very sensitive to average current velocity. For example, 
the Heronemus machine, using twin shafts, each carrying 
two 240-foot blades (see Figure 8-31), would produce 10 
megawatts in a 3-knot (5 feet per second) current and 25 
megawatts in a 4-knot (7 feet per second) current. 

Ocean Current Power Development 
Issues 

Development of ocean current energy in the Pacific 
Northwest appears to be precluded by the lack of ocean 
currents having suitable velocities and by lack of proven 
technology. When ocean-current turbine technology is 
proven and becomes commercially available, it may be 
worthwhile to assess the feasibility of using this technology 
at sites in Puget Sound that have strong tidal currents. 

The conceptual ocean-current turbine designs that 
have been proposed would appear to have few if any sig-
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nificant environmental effects. One possible problem 
might be impingement of marine organisms on the rotat
ing blades. This technology, however, is not sufficiently 
mature to permit an assessment of environmental impacts. 

Ocean Current Power Potential in the 
Pacific Northwest 

The energy potential of Pacific Northwest oceanic 
currents is very poor. Interest in oceanic-current turbines 
has focused on the east coast of Florida. In that area, 
there is a strong current relatively close to major load cen
ters. The average velocity of the Florida Current at this 
location is 8.2 feet per second, nearly 5 knots. The oceanic 
currents of the North Pacific are, in contrast, weak and 
poorly defined. Surface and near-surface currents along 
the Oregon and Washington coast flow in a southerly di
rection in winter at a mean velocity of about 0.4 feet per 
second. In summer, the direction of flow reverses to a 
northerly flow of about 0.6 feet per second. Bottom-cur
rent velocities are about one-tenth of surface-current ve
locities. (Barnes, et al., 1972) The potential power 
production of surface and near-surface oceanic currents in 
the Pacific Northwest is less than 1 percent of that of the 
Florida Current. 

Mean current velocities of the Strait of Juan de Fuca 
are less than those of the Oregon and Washington oceanic 
currents, with average velocities of about 0.1 to 0.2 feet 
per second. (Barnes, et al., 1972.) But, tidal currents of 3 
to 8 knots (5 to 13.5 feet per second) occur locally in Puget 
Sound and at estuaries and bays along the Oregon and 
Washington coast (see Table 8-43). These currents are 
cyclic and attain these velocities for only an hour or two 
on the run of the tides. 

Cost and Performance of Ocean Current 
Power Plants 

Although references to cost estimates for conceptual 
designs appear in the literature, we have been unable to 
locate any cost estimates. Because this technology is in its 
infancy, cost estimates would be highly uncertain and not 
particularly useful in assessing the potential contribution 
of this technology to power generation. 

Conclusions: Ocean Current Power 

Scale models of water current turbines suitable for 
capturing the energy of oceanic currents have been tested. 
The oceanic currents of the Pacific Northwest, however, 
are weak, poorly defined and incapable of powering pro
posed designs. There may be limited application of water
current turbines in the Northwest for extracting energy 
from stream currents and from local tidal currents in Pu
get Sound. Because the latter are cyclical and intermittent 
(though predictable), the cost-effectiveness of these appli
cations likely would be poor. 
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Water 
Current 
Turbine 

Figure 8-31 
Heronemus Water 
Current Turbine 
(EPRI 1986) 

Copyright 1986 Electric Power Research 
Institute, EPRI AP-492L "Ocean Energy 
Technologies: The State of the Art." 
Reprinted with permission, 

Table 8-43 

Inboard Profile of 
Starboard Unit 

View Looking Aft 
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Tidal Currents at Various Oregon and Washington Locations (knots)a 

Typical Maximum 

Coos Bay, Oregon 2-3 

Agate Passage, Washington 6 

Deception Pass, Washington 8 . 
Grays Harbor (Entrance), Washington 1.9-2.8 5 

Hammersley Inlet, Washington 5+ 

Hood Canal, Washington 1.5 

Port Washington Narrows, Washington 4+ 

Point Wilson-Point No Point, Washington 2.7 

Rich Passage, Washington 2.4-3.1 4-5 

San Juan Channel, Washington 2.6 

Skagit Bay, Washington 2.0-2.3 

The Narrows, Washington 6 

Willa pa Bay (Entrance), Washington 2.5 4--6 

a From NOAA, 1988. 
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Ocean Thermal Gradients 

In tropical oceans, the temperature differences be
tween warm surface waters and deeper cold waters are 
sufficient to drive Rankine cycle heat engines, which can 
produce electric power. The concept of ocean thermal 
energy conversion (OTEC) was suggested in 1881 by the 
French physicist Jacques D' Arsonval. His student, George 
Claude (inventor of the neon sign), conducted OTEC ex
periments over a number of years and, in 1926, demon
strated a 60-kilowatt shore-based OTEC power plant at 
Matanzas Bay, Cuba. Though no net power was produced, 
the extraction of energy from ocean thermal gradients was 
demonstrated. 

Unsuccessful sporadic attempts to develop OTEC 
technology were made during the ensuing 40 years. There 
was renewed interest in the mid-1960s, and in 1972 the 
U.S. government established an OTEC technology re
search program. In 1979, Mini-OTEC, a IO-kilowatt (net) 
barge-mounted unit operated briefly off the coast of Ha
waii. This was the first OTEC plant to demonstrate net 
energy production. Testing of the first megawatt-scale 
unit, the U.S. Department of Energy OTEC-1, com
menced in 1981. This plant operated at its expected effi
ciency, but experiments lasted only a brief period due to 
curtailment of federal funding. 

Federally sponsored OTEC design work continued, 
and preliminary engineering of a 40-megawatt Hawaiian 
plant was completed in 1984, through a federal/state/in
dustry cost-shared contract. Federal funding of all techni
cal development was curtailed, and subsequent federal 
activity has been limited to basic research on alternative 
thermodynamic cycles, and cold water intake and heat ex
changer designs. 

The Japanese have constructed two small OTEC 
plants. A 100-kilowatt (gross) unit operated briefly on the 
island of Nauru in 1981. A SO-kilowatt (gross) unit oper
ates on the island of Kyushu. European organizations have 
evaluated small OTEC plants for tropical locations, and 
India and Taiwan have investigated OTEC for their own 
use. 

Ocean Thermal Gradient Power Plant 
Technology 

An ocean thermal energy conversion plant extracts 
energy from the temperature differential between surface 
waters and waters at depth. Figure 8-32 shows a conceptu
al layout for a IO-megawatt floating OTEC power plant. 
While a floating plant is shown, shore-based and plat
form-mounted designs also might be used. Warm seawater 
is taken into the powerhouse from the surface layer. Cold 
seawater is drawn through a suspended intake pipe ex
tending to depths of 2,000 to 3,000 feet. The assembly is 
tethered to anchors. Power is transmitted to shore via a 
submarine electrical cable. 
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Electricity would be generated in the powerhouse 
through one of two processes. The open-cycle process 
(demonstrated by Claude) uses extremely low pressure 
steam from the vaporization of the warm seawater in a 
vacuum. This steam would drive large, ultra low-pressure 
turbine generators and be condensed using the cold water 
supply. The alternative closed-cycle process (demon
strated by Mini-OTEC) is similar to the binary cycles used 
to generate electricity from low-temperature geothermal 
resources. The warm surface water vaporizes a low-boi
ling-point working fluid such as ammonia or Freon. The 
vaporized working fluid drives a turbine generator. The 
working fluid is condensed by the cold seawater and re
cycled. 

Ocean thermal energy conversion plants produce firm 
power with some seasonal variation. The energy conver
sion efficiency of these plants, even at the best sites, is 
very low: 2 to 3 percent. Large components are needed 
because large quantities of water must be moved. Impor
tant engineering problems must be resolved before these 
plants achieve sufficient reliability for commercial use. 

Ocean Thermal Gradient Power 
Development Issues 

Ocean thermal energy conversion technology is, at 
present, not technically feasible in the Pacific Northwest 
because of the small temperature gradients found in 
North Pacific waters. Because OTEC technology for 
promising tropical waters is not yet fully developed or 
demonstrated, it is unlikely that technological improve
ments in the foreseeable future will allow use of the tem
perature gradients found off the Northwest coast. 

Though the environmental impacts of OTEC power 
plants are thought to be generally minor, certain factors 
may be significant. These include the potential release of 
environmentally hazardous working fluids (ammonia or 
Freon) used in the closed-cycle system, entrainment of 
aquatic organisms in seawater circulating systems, dis
placement of nutrients and organisms via the artificial up
welling created by the plant, and release of antifouling 
chemicals. Open-cycle OTEC plants would release dis
solved carbon dioxide. Experimental data from the U.S. 
Department of Energy's Seacoast Test Facility in Hawaii 
indicates a release rate of about 30 grams of carbon diox
ide per kilowatt-hour of generated electricity in a land
based open-cycle OTEC system (Green and Guenther, 
1989). However, this is less than 4 percent of the rate of 
carbon dioxide release from a coal-fired power plant of 
equivalent size. 

Ocean Thermal Gradient Resource 
Potential in the Pacific Northwest 

OTEC power plants require a minimum temperature 
differential of about 20°C (36°F) to operate. Oceanic tem
perature differentials of this magnitude are limited to 
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tropical regions, extending to 25 to 30 degrees north and 
south latitudes. Potential OTEC sites in the United States 
include the Gulf Coast and Hawaii. 

Pacific Northwest coastal waters are characterized by 
cool surface temperatures. Only limited temperature in
formation is available, but surface highs are reported to 
average 17°C (63°F) and lows, 7°C (45°F). Temperatures 
at depth are reported to be 5°C to 7°C (41°F to 45°F) 
(Cocke, 1980). This suggests that gradients range from 0°C 
to 12°C (0°F to 20°F) with an average of roughly 6°C 
(ll°F). Thus the average temperature gradient in North
west waters is less than one-third the minimum required 
by current OTEC technology. Because the thermal effi
ciency of OTEC plants is a function of the temperature 
differential, the efficiency of plants operating in North
west waters would be quite low. 

Cost and Performance of Ocean Thermal 
Gradient Power Plants 

Engineering cost estimates have been published for a 
40-megawatt shore-based OTEC power plant using clo
sed-cycle technology. This is the design developed in 1984 
by Ocean Thermal Corporation under a cost-shared con
tract with the U.S. Department of Energy and the state of 
Hawaii. The key cost and performance parameters for this 
plant are shown in Table 8-44. This plant would use the 

OTEC 
Power Plant 

Figure 8-32 
Conceptual Layout 
of a 10-Megawatt 
Floating OTEC 
Power Plant 
(Lennard 1987) 
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warm condenser cooling water from an existing conven
tional power plant to increase the temperature of the 
warm seawater supply. This example is illustrative only, 
because no suitable temperature gradients are found in 
the Northwest. 

Assuming investor-owned utility development, this 
plant would produce energy at a cost of about 53 cents per 
kilowatt-hour in levelized nominal dollars. 

Other estimates of the costs of OTEC power plants 
have ranged as low as $4,300 per kilowatt. At this cost, an 
OTEC plant could produce energy at a levelized cost of 21 
cents per kilowatt-hour. Major engineering problems must 
be resolved to achieve a reliable commercial OTEC plant. 
For this reason, current cost estimates are uncertain. 

Conclusions: 
Ocean Thermal Gradient Power 

Megawatt-scale ocean thermal energy conversion 
(OTEC) power plants have been demonstrated, although 
major technical problems remain. Pacific Northwest ocean 
thermal gradients are not capable of operating current 
OTEC power plants. Technological improvements allow
ing use of Northwest thermal gradients are unlikely. 

-warm Water Intake 

Mooring Cables and 
- Electrical Riser 

- 30-foot Diameter Cold Water Intake 

..._ Cold Water Intake 
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Table 8-44 
Cost and Performance Characteristics for a 40-Megawatt OTEC Power Plant 

(EPRI, 1986, Escalated to 1990 Dollars) 

Type 

Location 

Number of Units 

Rated Capacity 

Availability 

Capacity Factor 

Construction Cost 

Operation and Maintenance Cost 

Operating Life 
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Solar 

This section reviews solar technologies that produce 
electricity. Direct applications of solar energy arc ad
dressed in Volume II, Chapter 7. 

The sun's energy must be gathered over a relatively 
large area and then concentrated if it is to be used as a 
source of electricity. The key consideration of any solar 
electric technology is how to gather the energy and effi
ciently convert it to electricity. lnis situation is analogous 
to what we find when considering forest wood residues as 
a candidate fuel for generating power. The resource exists 
in relatively large quantities, but it is dispersed over the 
forest floor, which may make the cost of gathering the 
wood for energy prohibitive. Once the wood residue is 
gathered, it is a very reliable resource. This is also true of 
solar energy. Conversion of the sun's energy to electricity 
is quite reliable. Solar-electric systems have demonstrated 
availability factors of over 90 percent. 

In addition to the high cost of concentrating the sun's 
energy, solar's competitive stance in most regions suffers 
from other shortcomings. It is intcrmittent37 from day-to
day and within the day, it is not available at night and it is 
seasonal. lnese characteristics require solar to have stor
age or a complementary resource if it is to be counted on 
as a firm resource. In the Northwest, the hydropower sys
tem itself could be used in parts of the year as the storage 
medium for solar-derived energy. In fact, the utility sys
tem can be used as both a storage medium and as the 
back-up resource for solar. 

The costs of the solar-electric technologies currently 
are high compared to the costs of alternatives. However, 
costs are coming down and can be expected to continue to 
decrease. The performance of photovoltaics is expected to 
improve also. Currently, Pacific Gas and Electric reports 
there are 700 separate applications of photovoltaics on its 
system in remote areas. These are all small applications to 
power remote lighting or controls. In remote applications 
such as "island'' economies and third-world countries, 
photovoltaics already are being used to produce electric 
power. Again, even in Pacific Gas and Electric's service 
territory, the economics favor on-site photovoltaic power 
sources with a battery backup compared to extending the 
distribution system one-half mile or greater. 

Manufacturers of photovoltaics, moreover, have de
veloped consumer products from which they expect to 
profit even as they accelerate research to improve the 
conversion efficiency of the photovoltaic cells. Remote 
power needs such as electric range fences represent a size
able market for photovoltaics. Consumer products such as 
solar calculators, watches, yard lights, and a long list of 
other applications also represent profitable markets. Thus, 
it appears that the manufacturers are here to stay and are 
confident that they will reach conversion efficiency targets 
that will make photovoltaics competitive with alternative 
central-station generators. A manifestation of this com
mitment is the more than $1 billion of private money that 
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has been invested in research to improve solar technolo
gies. 

Solar-electric technologies are relatively environmen
tally benign. The environmental benefits of solar could be 
the factor that makes solar cost-effective for utility gener
ation much sooner than has been imagined. A recent 
study of the costs of environmental damage from generat
ing plants has estimated these costs to be as high as the 
cost of producing the electricity. Should the fears of scien
tists studying global warming be accepted by decision
makers at the national and world level, it is quite likely 
that solar power, in particular solar photovoltaics, will 
emerge as one of the preferred alternatives to generate 
power. This is part of the motivation for the solar resource 
confirmation agenda described in Volume II, Chapter l. 

Solar-Electric Technologies 

Solar-electric technologies are divided into two broad 
categories, solar-thermal energy systems and photovolta
ics. Each of these two broad categories contains a number 
of different technologies, all with the same objective of 
converting solar energy to electricity. Solar-thermal sys
tems are similar to typical generating plants in that heat is 
converted into electricity via a turbine-generator or other 
heat engines. Photovoltaics, by contrast, convert the sun's 
energy to electricity without moving parts by using the 
electrical properties of the semi-conductor materials used 
in the construction of photovoltaic cells. The various tech
nologies are discussed in detail below. 

Solar-Thermal Plants 

Although solar-thermal technologies are quite differ
ent in their particulars, all solar thermal technologies have 
similar characteristics. Each of the technologies has collec
tors to concentrate solar energy, receivers to heat a work
ing fluid, and conversion units to convert the heat of the 
working fluid to electricity. Many solar-thermal designs 
incorporate an energy storage facility to smooth and ex
tend the availability of energy from the plant. This is 
shown in Figure 8-33. 

The challenge for solar-thermal plants is to collect 
and concentrate the fuel. Therefore, concentrating collec
tors characterized by large surface area, are used to cap
ture an adequate amount of the total resource. The 
collectors have geometric shapes that allow them to focus 
(concentrate) the energy to a smaller receiver. This receiv
er converts the solar energy to heat. The heat can be 
stored for later use or used immediately, as in convention
al power plants, to produce electricity. 

37. A long record of solar insolation would be valuable, and 
may be necessary, to be able to predict solar's "critical sun" 
contribution to the region's electrical system and to plan for the 
appropriate kinds of resources to complement solar. 
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Solar 
Thermal 
System 

Figure 8-33 
Schematic Diagram 
of Typical Solar 
Thermal System 
(with Heat Storage) 

Source: National Solar Thermal Technology 
Program· Fi\-'e-Year Research and Developmenl 
Plan 1986-1990. U.S. Department of Energy, 
Office of Conservation and Renewable 
Energy, September 1986. 

Insolation 

Concentrator 

There are three major solar-thermal electric technol
ogies. These are central-receivers, line-focus parabolic 
troughs and point-focus parabolic dishes. These are de
picted in Figure 8-34. 

Central Receivers 

Central receivers are, as the name implies, technolo
gies with a fixed central receiver. In this technology, the 
concentrating collector is made up of flat plate heliostats 
(essentially moveable mirrors), that track the sun and re
flect the collected energy to a receiver mounted on a cen
tral tower. Water is vaporized in the receiver and used to 
drive a steam turbine-generator. Alternatively, a working 
fluid such as molten salt is heated in the receiver and used 
to transfer the heat to a thermal storage device. Heat 
from the thermal storage device is used to produce steam 
in a steam generator; this steam is used to drive a steam 
turbine-generator. Because this design incorporates ther
mal storage, a constant or dispatchable power output can 
be obtained. 

A IO-megawatt capacity central receiver, Solar-One, 
successfully operated for several years near Barstow, Cali
fornia. The unit had 1,818 individual tracking heliostats 
with 766,000 square feet of reflective area. About 30 per
cent of the heliostats actually face north to capture sum
mer sun that rises and sets, respectively, to the northeast 
and northwest of the plant. Through August 1986, the 
maximum annual energy production was 8,816 megawatt-
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Receiver Storage Conversion 

Heat lhnsport Loop 

hours, about a 10 percent capacity factor. Peak instanta
neous output was 11.7 megawatts. 

Plans to retrofit Solar-One with molten salt heat 
transfer fluid and improved thermal storage capability are 
being developed by Sandia National Laboratories and a 
consortium of utilities. 

Parabolic Troughs 

The parabolic trough solar-thermal technology is the 
technology seeing greatest commercial use. This technolo
gy is less efficient at higher temperatures38 than other 
solar-thermal technologies, but the collectors and receiv
ers are simple to make, giving troughs a considerable cost 
advantage over other solar-thermal technologies, at pres
ent. The concentrating collector is a reflective trough bent 
to a parabolic shape that focuses the sun's energy on an 
in-line (parallel to the trough) receiver. Troughs typically 
are situated in a north-south direction and lie horizontal
ly. The troughs are rotated about the long axis to capture 
as much of the sun's energy as possible. This configuration 
tends to result in the best trade-off between maximizing 

38. Because the receiver is in-line instead of at a point, the 
parabolic in-line trough does not concentrate as much of the 
sun's energy as technologies using point-focus receivers. Also, 
because the area of the receiver is larger, there is more heat 
lost from the receiver itself. 
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Solar 
Thermal 
Technologies 

Figure 8-34 
Solar Thermal 
Technologies 

Source: NaJional Sol.a.r Thermal Technology 
Program· Five-Year Resean:h and DevelopmenL 
Plan 1986-1990. U.S. Department of Energy, 
Office of Consetvation and Renewable 
Energy, September 1986. 

Central Receiver 

capacity and keeping first costs and operating and mainte
nance costs down. However, if the objective is to maximize 
energy instead of capacity, other orientations might be 
better. Also, depending on the latitude, construction and 
operating costs, it might be more efficient to tilt the 
north-south oriented troughs toward the sun. 

The receiver in the in-line parabolic trough is a spe
cially coated pipe inside of a glass vacuum tube. The heat 
transfer fluid contained in the pipes, in the Luz design, is 
a synthetic oil that is heated to 735° Fahrenheit and 
passed through a heat exchanger to create superheated 
steam for the turbine generator. 39 Luz International, the 
leader in this field, employs a supplemental natural gas 
system to maintain continuous operation during periods of 
high demand. This practice is similar to using gas-fired 
generators to supplement the Northwest's hydropower 
system.40 In California, the plants are constrained by state 
law to produce no more than 25 percent of their total out
put using natural gas.41 This constraint results in about 70 
percent of the plant's output coming from solar energy. 

Luz is currently operating the world's largest solar
thermal plants. They represent about 90 percent of the 
solar electricity being produced in the world (see Table 
8-45). All are of the parabolic trough design. In Califor
nia, Luz is operating 200 megawatts of plant capacity for 
Southern California Edison. Luz has signed contracts with 
Southern California Edison for an additional 380 mega
watts of capacity to be online by 1994. 
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Parabolic Dish Concentrator 

Parabolic Trough 

It is informative to consider the history of the con
struction of the Luz design and its performance. Luz re
fers to its systems as Solar Electric Generating Stations or 
SEGS). 

All of the SEGS units but SEGS I are enhanced with 
the ability to use gas to raise steam for the steam turbine. 
This enables the units to provide power to the grid 
throughout the peak needs, from 7 a.m. to 10 p.m. Con
version efficiency of solar insolation to electricity has im
proved from 29 percent to about 37 percent. For 
converting natural gas to electricity, the efficiency is about 
37 to 38 percent. 

39. Luz in B,ief Luz International Limited, September 1989. 

40. Although the Luz plants are used in California to supply 
capacity, they could be used as base-load plants. If they were, 
gas backup of solar would be conceptually similar to gas backup 
of nonfirm hydro. 

41. California has adopted the Federal Energy Regulatory 
Policy Act requirement that qualifying renewable resources 
under Section 200 of Public Utilities Regulatory Commission 
are constrained to deliver a maximum of 25 percent of power 
with non-renewable fuels. 
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Table 8-45 
Luz Solar-Electric Generating Stations 

Capacity First Cost Collector Area Annual Energy Capacity Factor In-Service 
(MW) ($/kW) (sq. mt.) (MWh) (%) Date 

SEGS I 13.8 4,500 82,960 30,100 25% 1984 

SEGS II 30 3,200 165,000 80,500 31% 1985 

SEGS III 30 3,620 230,300 91,311 35% 1986 

SEGS IV 30 3,760 230,300 91,311 35% 1987 

SEGSV 30 4,020 233,120 92,553 35% 1988 

SEGS VI 30 NIA 188,000 91,356 35% 1989 

SEGS VII 30 3,870 194,280 92,646 35% 1990-1994 

SEGS VIII 80 2,788 464,000 252,700a 36% 1993-1994 

SEGS IX-XII 3QQb 

SEGS XIII soc 

a Estimates. 

b Under construction. 

C Negotiating with San Diego Gas and Electric, which has been ordered by the California Public Utilities Commission to enter into 
a contract with Luz for an SO-megawatt facility. 

Luz anticipates that SEGS VIII will produce electric
ity at 7 to 8 cents per kilowatt-hour. If this is true, the Luz 
plants should be economically competitive with many gen
erating alternatives. If the price of natural gas increases, 
the cost of electricity from the Luz plants will increase. It 
will not, however, increase as rapidly as electricity from a 
combustion turbine or a combined-cycle combustion-tur
bine fired exclusively with natural gas, because the propor
tion of energy produced using gas is smaller. 

Luz has raised over $1 billion of private capital to de
velop its technology. SEGS VIII through XII alone repre
sent an investment of $1.2 billion. These facts manifest 
the confidence of investors in line-focus parabolic troughs 
as a resource that can be relied on to produce reliable 
power, given an adequate solar resource. 

Point-Focus Parabolic Dish 

As shown in Figure 8-34, the concentrator collector of 
a point-focus parabolic dish looks somewhat like the in
side of an umbrella. Ideally, each point on the surface 
should reflect a beam of light to the same point in three
dimensional space, the focal point, which is where the re
ceiver is located. To accomplish this, the collector has to 
be pointed directly at the sun at all times, requiring an 
accurate two-axis tracking system. 

The receiver of a point-focus parabolic dish is placed 
at the focal point. Some parabolic dish designs link the 
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receivers directly to an individual engine-generator using 
steam or other heat transfer fluid. Alternatively, the heat 
transfer fluid can be piped to a central heat exchanger to 
produce steam to run a turbine generator, as in the line
focus parabolic trough system. 

Construction of the parabolic dish has been difficult, 
because of the difficulty in bonding high quality reflectors 
to the inside face of the dish and because of the difficulty 
in forming the materials into the precise geometric shape 
needed to optimize the concentration of solar energy. In 
addition, very accurate tracking devices are required. If 
the problems with this technology are solved, it could be a 
major source of solar-generated electricity because the 
technology can produce higher temperatures and there
fore greater thermal efficiencies than other solar thermal 
technologies. However, the costs of parabolic dish designs 
are very high. 

There were four field experiments being conducted as 
of May 1987 using parabolic dishes.42 These are: 

42. For more detailed information on these, see Power from the 
Sun: P,inciples of High Temperature Solar 171ermal Technology. 
Solar Energy Research Institute, May 1987 (SERI, 1987). 

1991 NORTHWEST POWER PLAN-VOLUME II 



GENERATING RESOURCES 

The Solar Total Energy Project: This project is located 
in Shenandoah, Georgia, and includes 114 parabolic dishes 
with reflective surfaces of 4,352 square meters. The con
centrator collectors and receiver produce 750°F fluid that 
is piped to a central steam generator. Electricity, process 
steam, and air conditioning are produced by the system. 

Solar Plant/: This privately financed project is located 
in Warner Springs, California. The concentrator collectors 
and the receivers are variants of the typical dish design, 
but the system to convert heat to electric energy is similar 
to the Solar Total Energy Project. The peak capacity of the 
system is 4.9 megawatts. 

Osage City, Kansas: This project contains an engine 
connected directly to each receiver. The design uses an 
organic Rankine cycle.43 The system has a total field ca
pacity of 100 kilowatts. 

Molokai, Hawaii: This project has a capacity rating of 
250 kilowatts. The receivers supply steam to individual 
reciprocating steam engine-generators alongside each re
ceiver. 

Solar Photovoltaic Technologies 

Photovoltaic cells are solid-state electronic devices 
that produce electricity from incident radiation. There are 
two broad categories of photovoltaics, flat-plate and con
centrating. Flat-plate photovoltaics typically are employed 
as stationary panels but also can be used with tracking de
vices. Designs using concentrating cells track the sun 
throughout the day and use lenses to intensify the sun's 
energy on the cells. Concentrating cells use only the di
rect-beam radiation coming from the sun. Flat-plate pho
tovoltaics use both direct-beam and diffuse solar energy. 

Photoelectric cells convert solar energy into direct 
current electricity by absorbing light from the sun. The 
absorption process frees electrons to form a direct cur
rent. The direct current is converted to alternating current 
for use in standard grid-connected electric systems. Solar 
photovoltaics are a proven technology, and photovoltaics 
have many uses in today's markets. 

The typical solar cell is a flat-plate cell made from a 
thin (less than 0.5 millimeters thick) wafer of silicon crys
tal. Its size is about 100 square centimeters and it pro
duces about one watt of power (see Figure 8-35). Cells 
can be grouped into modules, and modules can be 
grouped into arrays to provide as much power as needed. 
The direct current is put through a power conditioner con
taining an inverter if it is to be converted to alternating 
current. 

Thin-film solar photovoltaic cells made of amor
phous-silicon many times thinner than the silicon crystal 
wafers and 10 times thinner than a human hair are being 
developed by several manufacturers. Although the amor
phous-silicon cells convert sunlight to electricity less effi
ciently than do the silicon-crystal cells, their lower cost 
makes them a strong candidate to be the first photovoltaic 
technology to become competitive as central-station utility 
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power plants. The lower costs of thin-film cells result 
from using less material than crystal-silicon cells and from 
using low-cost laser technology to lay down the electrical 
conductors of the cells. In addition, thin-film cells can be 
made in much larger sheets than can other cells. Because 
there are no wires, the expected lifetime of the amor
phous-silicon cells is thought to be longer than that of 
single crystalline cells. 

Initially, thin-film cells using amorphous-silicon can 
convert about 6 to 7 percent of the sun's energy falling on 
them to electricity, but the cells degrade to an equilibrium 
level of about 4 to 5 percent efficiency. Laboratory tests 
have achieved efficiency levels of about 12 percent. In or
der to be cost-competitive with other central-station gen
eration alternatives, the industry estimates that it will 
have to improve conversion efficiencies to about 15 per
cent. If this goal is reached, it would reduce production 
costs to about $1 per peak watt for the cells and about $4 
per peak watt (including profit) installed on the utility 
grid. At this price, the industry believes the technology 
will have applications on utility grids. Utility-scale orders 
will enable manufacturers to produce the quantities re
quired to lower costs further. 

Research is proceeding on multiple layer thin-film 
cells, which have theoretical efficiencies as high as 42 per
cent. The concept employed in multiple layered (stacked) 
thin-film cells is the use of materials in successive layers, 
each absorbing a different part of the solar spectrum. The 
layering allows for more of the sun's energy to be gath
ered and converted to electricity. In the laboratory, 
stacked thin-film cells have achieved 13.5 percent efficien
cy. An additional advantage of stacked thin-film cells is 
that they do not degrade as quickly or as much as amor
phous-silicon thin-film cells. 

Concentrator-photovoltaic technology uses lenses to 
focus and intensify the sunlight on the photovoltaic cells. 
These cells require a tracking system to follow the sun. 
Concentrator photovoltaic cells using single silicon-crystal 
material have achieved efficiencies of 26 percent. Industry 
experts, however, believe that it will take much longer for 
the cost of the concentrator-photovoltaic cells to be com
petitive with conventional generating resources than it will 
for the other photovoltaic technologies. 

At the present time, photovoltaics cannot compete 
economically with other solar technologies or other elec
tricity generating technologies at the scale required to 
make major contributions to utility systems. However, 
photovoltaics are used to produce electricity in remote 

43. A Rankine-cycle device is a type of thermodynamic device 
to convert thermal energy to work. The working fluid is usually 
steam, but other fluids can be used. An organic Rankine cycle 
engine uses an organic liquid such as toluene as the working 
fluid. 
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applications, island communities, and in consumer prod
ucts, such as watches and calculators. A recent EPRI 
study (EPRI, 1991) identified 69 different potentially cost
effective applications of photovoltaics for utility systems. 
Many of these applications are being implemented. 

These applications demonstrate that the technology is 
a proven way to produce electricity from the sun. Much 
developmental work remains to be done before photovol
taics become economical for control-station utility power 
plants. However, the progress to date has been dramatic, 
and projected improvement targets are to lower the cost 
to 8.5 cents per kilowatt-hour by 2010. At that price, pho
tovoltaics clearly will be cost-competitive with other 
sources of electricity. Figure 8-36 shows the progress of 
photovoltaics from 1982 to 1987, the last year for which 
documented data is available. Prices have dropped, effi
ciencies have improved, and lifetimes and stability have 
been increased. The Boeing Company recently announced 
a new gallium arsenide concentrator cell that converts 37 
percent of the sun's energy into electricity. 

Development Issues 

Principal issues associated with the large-scale devel
opment of solar power in the Northwest are cost, solar 
resource data, site availability, electric power transmission 
and power quality. 
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Cost 

Although costs have continued to decline, power gen
eration using solar-electric technologies remains consider
ably more expensive than alternatives (although there are 
specialized applications for which photovoltaics are cost
effective ). Because the most cost-effective solar-electric 
technology at present is the Luz-type parabolic trough 
technology, this technology can be used as an index of the 
cost of solar compared with other resources. The cost of 
energy from parabolic trough solar technology in the 
Northwest is estimated below. 

Solar Insolation Data 

As with hydropower, a long and continuous data re
cord is desirable in order to accurately assess the potential 
of solar resources. This is not surprising because the avail
ability of both hydropower and solar resources is deter
mined by climate and weather, which can vary from year 
to year. This variation can be seen by examining past an
nual measurements of solar at Whitehorse Ranch in 
Southeastern Oregon and at Maynard, Massachusetts. 
Measurements of annual beam solar radiation taken in 
1981 at Whitehorse Ranch were 15 percent greater than 
the same measurement taken in 1982. Over the nine years 
of measurements taken at Maynard, Massachusetts, the 
difference between the highest measured year and the 
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Photovoltaic 
Progress 

Figure 8-36 
Solar Photovoltaic 
Progress (1982-1987) 

lowest was 18 percent, with a variance of about 6 per
cent.44 These two examples of variation imply that solar is 
less variable then either hydropower or wind. However, 
variations could be greater in specific locales, and average 
differences of 10 percent or so could mean the difference 
between a plant being cost-effective or not. 

Although a regional solar insolation data collection 
effort was underway for several years in the late 1970s and 
early 1980s, this effort has been greatly scaled back, and 
the existing regional irradiation data base is not deemed to 
be adequate for a long-term assessment of the region's 
solar potential. However, solar experts believe that this 
region could have a first-rate solar data base with a mod
est, continuing level of effort. 

Site Availability 

Specific sites have not been identified for solar-ther
mal plants, but they would most likely be located in east
ern Oregon and southern Idaho. One of the best solar 
resource areas available anywhere is in northeastern Ne
vada, reasonably close to the region's grid. The good news 
is that there would be plenty of land available. The bad 
news is that a plant in these locations would experience 
energy and capacity losses if its power was transmitted to 
the major load centers west of the Cascades. 

Photovoltaic facilities can be sited anywhere, although 
they also perform better in sunny areas. But because they 
use both direct-beam and diffuse sunlight, they will aper-
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ate in any part of the region. One of the nice features of 
photovoltaics is that they can be sited on buildings, where 
they would not use any land or have significant distribu
tion and transmission losses. 

Electric Power Transmission 

Transmission cost for solar-thermal electric plants 
could be high if plants are sited far from the grid and ma
jor regional loads. Transmission lines are both difficult to 
site and expensive to construct. Locations near the exist
ing grid, which appear to exist, will lower these costs. 

Specialized applications of photovoltaics have few 
transmission constraints because typically they are sited 
near the loads they are serving. If photovoltaics develop to 
the point that central-station plants become cost-effec
tive, this technology also could face transmission siting 
and cost constraints. 

44. Pacific Norlhwest Solar Radiation Data. Solar Monitoring 
Lab, Physics Department-Solar Energy Center, University of 
Oregon. April 1, 1987. 
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Power Quality 

Because solar energy is an intermittent and seasonally 
variable resource, the value of power from solar-electric 
plants may be less than from alternative resources. Be
cause it is intermittently available, the energy produced by 
solar plants must be either used when generated or stored 
for later use. Though the Northwest hydropower system 
has some energy storage capability, it is unclear at this 
time how much solar-produced energy can be stored with
out conflict with other water uses. This problem is com
pounded for solar energy because the resource is at its 
minimum in winter, when regional loads are at their great
est and demands on the hydropower system are most se
vere. 

Environmental Effects 

Solar potentially is one of the most environmentally 
benign forms of energy production. In fact, this perception 
of solar is a prime reason for its popularity. The major 
environmental concerns about solar-electric generation 
are water use (solar-thermal), potential release of toxic 
materials, land use and aesthetic impacts. Possible air 
quality effects would have to be considered if supplemen
tal gas firing were to be used for solar-thermal systems. 

Water Impacts 

Solar-thermal power plants are heat engines and 
therefore require water for condenser cooling. Solar-ther
mal plant efficiencies are similar to, or less than fossil
fueled power plants, and therefore require similar or 
slightly more water for comparable power production. 
Other water uses are small, e.g., water for heliostat clean
ing. Water requirements can be reduced by use of dry 
cooling systems. 

Release of Toxic Materials 

Heat exchange and storage fluids for solar-thermal 
power plants include sodium, organic oils and molten 
salts. Normal operation will result in very modest release; 
however, accidents could cause significant release of such 
material. Containment of such releases if they occur must 
be considered in the design of systems using toxic fluids. 
Future Luz parabolic trough plants, are expected to use 
water instead of oil as the heat transfer medium. 

The primary photovoltaic material is silicon, the pri
mary component of sand, and, therefore, of no concern 
environmentally. Because some of the mate,ials used in 
advanced photovoltaic cell designs include components of 
arsenic and cadmium, there may be cause for concern 
about their release in the environment should their use 
become widespread. This concern is more applicable to 
manufacturing and disposal of photovoltaic devices than to 
the application of photovoltaics because these materials 
are contained within intact cells. 
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Land Use 

A typical 100-megawatt central-receiver plant de
signed for rated output under average daily direct solar 
radiation in southeastern Oregon or southwestern Idaho 
(approximately 18 megajoules,45 per square meter, per 
day), would require approximately 300 acres of collector 
surface (3 acres per megawatt capacity). Assuming approx
imately one-third of the plant site is occupied by collector 
surface, then approximately 1,000 acres would be required 
for this plant (18 acres per megawatt). 

The lower conversion efficiency of photovoltaic sys
tems leads to somewhat greater unit area requirement for 
collectors (7.5 acres per megawatt). Because fixed arrays 
are used with photovoltaic systems, closer spacing of col
lector surfaces may be possible. However, because of the 
need for land for power conditioning equipment, we will 
again assume approximately three times the collector area 
is required for the total station. This gives a total land 
area for a 10-megawatt station of approximately 150 acres 
(15 acres per megawatt). To the extent that photovoltaics 
are placed on roofs and walls of buildings, the land use 
question is of lesser concern. 

The availability of land in the Northwest should not 
be a problem. There may not be land available near spe
cific load centers; however, the superior solar resource 
sites generally are in remote areas with abundant undevel
oped land (see Figure 8-40). 

Aesthetics 

Solar-electric plants might result in major aesthetic 
intrusions in desert areas favored for plant siting. These 
areas are currently generally unmarred by man's activities. 

Fish and Wildlife 

Overall land requirements for solar thermal and solar 
photovoltaic systems are in the same general range as the 
land requirements for other energy systems. The effects 
upon terrestrial habitat may, however, be very different 
than the effects of, for example, the buffer zone around a 
nuclear power plant. It is likely that the value of the sta
tion site as wildlife habitat would be essentially eliminated 
because areas not directly pre-empted by the "footprints" 
of collector supporting structures and other plant equip
ment likely would be maintained in a vegetation-free con
dition to facilitate access to, and minimize interference 
with, collector surfaces and other plant equipment. Effects 
on overall biological productivity, however, are likely to be 
small, given the generally low productivity of the desert 
sites likely to be selected for solar power developments. 

45. One megajoule is equal to 0.28 kilowatt-hours. 
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Water may be an environmental constraint for solar
thermal stations in sunny, dry areas where such plants are 
expected to be sited, unless dry cooling towers are used. 
Use of water in arid regions may impact fish and aquatic 
ecosystems. Photovoltaic cells require no cooling or other 
consumptive use of water other than for periodic cleaning 
of the collectors. In general, effects on water quality and 
fish and aquatic ecosystems are likely to be negligible 
compared to conventional thermal plants. 

The indirect effects of solar plant operation on fish 
and wildlife through interaction with the regional hydro
power system remain unstudied. The Council, in the acti
vities plan, calls for the assessment of the synergistic 
efforts of resource operation. 

Prospects for the Development of 
Solar-Electric Resources in the 
Pacific Northwest 

Several definitions will help in understanding the dis
cussion of the resource potential. The rate of energy fall
ing on the earth's surface is referred to as insolation. It is 
typically measured in watts per square meter. The direct 
rays from the sun are referred to as beam radiation, and 
the portion of beam radiation that falls on a surface (e.g., 
a collector) installed normal (perpendicular) to the sun's 
rays is called beam-normal radiation. Part of the beam 
radiation is diffused in the atmosphere and is reflected 
from surrounding terrain. This radiation is referred to as 
diffuse radiation. The cumulative amount of solar energy 
over a unit of time is referred to as irradiation. 

Solar Resources of the Pacific Northwest 

Table 8-46 lists past solar data collection activities in 
the Northwest. Figure 8-37 shows the regional location of 
the data that has been collected. Prior to 1977, the region 
had little quality data. Beginning in 1977, the National 
Oceanic and Atmospheric Administration installed equip
ment at Boise, Seattle-Tacoma airport, Medford and 
Great Falls to measure both the diffuse and direct-beam 
insolation. Also in 1977, Bonneville and the Eugene Water 
and Electric Board contracted with the University of Ore
gon to collect data at nine sites in the region, six of which 
collected both diffuse and direct insolation. Others, as 
indicated in Table 8-46, also were collecting solar data. 
Few sites have been monitored long enough for an accu
rate estimate of the potential for solar in the region. Many 
of these efforts have been discontinued. In this plan, the 
Council is calling for expanded and continuing collection 
and refinement of solar insolation data. 
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Nationally, the National Weather Service has col
lected data on beam-normal irradiation, although most 
solar researchers believe the data base to be inadequate 
for estimating the long-term potential for solar at a given 
site. Efforts are underway to improve the data base and 
collection protocols. Most national researchers rely on the 
Typical Meteorological Year data base, also used by con
servation analysts to estimate energy use by buildings. This 
data base covers 248 sites over the past 25 years. However, 
adequate data was only collected from 27 sites and was 
estimated for the other 221 sites using statistical tech
niques. The data base is available from the National 
Oceanic and Atmospheric Administration. 

Contour maps of solar irradiation have been devel
oped based on extrapolation and interpolation of data col
lected by the National Weather Service. These maps are 
shown in Figures 8-38 and 8-39. Figure 8-38 shows values 
on a flat surface facing south and tilted by a number of 
degrees equal to the latitude of the site. Figure 8-39 
shows irradiation on a horizontal surface. The contour 
lines of constant irradiation levels, shown in megajoules 
per square meter per day, are rough approximations of 
actual data, and are not suitable for detailed solar gener
ating resource assessment. Local pockets of solar may be 
missed. For example, though irradiation levels in the 
Olympic rain shadows have been shown to be much higher 
than surrounding areas of western Washington, this local 
effect does not show on Figures 8-38 or 8-39. 

In general, the better sites in the region, southeastern 
Oregon and southern Idaho, receive about 80 percent of 
the insolation received in Phoenix, Arizona and about 75 
percent of that received in Barstow, California, the site of 
the Solar One solar thermal power facility (Solar Monitor
ing Laboratory, 1985). By comparison, Eugene receives 
about 47 percent and 52 percent of the insolation received 
in Barstow and Phoenix, respectively. An examination of 
Figures 8-38 and 8-39 reveals that southern Idaho and 
southeastern Oregon have extremely good solar resources. 

Figure 8-40 shows the more promising areas for cen
tral-station solar generation in the region, based on esti
mated irradiation. 
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Table 8-46 
Northwest Solar Insolation Data Collection Sites 

Type of Data 

Site Location Responsibility Global Direct Diffuse Spectral 

Boise, Idaho NOAA X X 

Bums, Idaho BPA/UO X X 

Corvallis, Oregon DOE/OSU X X 

Coeur d'Alene, Idaho WWP/UO X X 

Eugene, Oregon EWEB/UO X X 

Grace, Idaho Utah P&L/USU X X 

Great Falls, Montana NOAA X X 

Hailey, Idaho INEL X X 

Hermiston, Oregon BPA/UO X X 

Hood River, Oregon PP&L/UO X X 

Idaho Falls, Idaho INEL X X 

Kimberly, Idaho BPA/UO X X 

Medford, Oregon NOAA X X 

Ontario, Oregon TRW X X 

Pocatello, Idaho INEL X X 

Richland, Washington PNL X X X X 

Seattle, Washington NOAA X X X 

Vancouver, Washington BPA/UO X X 

Whitehorse Ranch, Oregon BPA/UO X X 

Legend: 

EPA-Bonneville Power Administration 

DOE-U.S. Department of Energy 

EWEB-Eugene Water and Electric Board 

INEL-Idaho National Engineering Laboratory 

NOAA-National Oceanic and Atmospheric Administration 

OSU-Oregon State University 

PNL-Pacific Northwest Laboratory (Battelle) 

PP&L-Pacific Power and Light Company 

UO-University of Oregon 

USU-Utah State University 

WWP-The Washington Water Power Company 
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Insolation 
Monitoring 
Sites 

Figure 8-37 
Northwest Insolation 
Data Monitoring 
Sites 

Total Daily 
Solar 
Radiation 

Figure 8-38 
Average Daily Total 
Solar Radiation on a 
South Facing Surface, 
Tilt= Latitude (MJ/m2) 

(Solar Radiation 
Resource Atlas of the 
United States 1981) 
Source: Draft Assessment of Electric Power 
Conservation and Supply Resources in the 
Pacific Northwest: Volume IX, Solar. Battelle 
Pacific Northwest under contract to the 
Northwest Power Planning Council. June 
1982. Figure 7.1, Page 7.2. 
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Daily Direct 
Solar 
·Radiation 

Figure 8-39 
Average Daily 
Direct Normal Solar 
Radiation (MJ/m2) 

(Solar Radiation 
Resource Atlas of the 
United States 1981) 

Costs and Performance of Solar-Thermal 
Power Plants 

All solar technologi.es face the same challenge in low
ering costs. Solar power plant performance is affected by 
its own geometric requi rements, the clearness of the am
bient air, and the orientation of the sun. The trade-offs 
between efficiency and costs in designing solar plants are 
numerous. A principal objective of all solar technologies is 
to collect as much solar energy as possible and concen
trate it to as high a temperature as possible, subject to the 
capability of materials to handle the heat, while maintain
ing acceptable costs. The operating objectives would be 
met, in part, by always tracking the sun's path, and con
centrating the collected energy to as small a receiver as 
possible to achieve higher temperatures and to lower heat 
loss from the receiver. (Increasing the receiver tempera
ture increases the conversion efficiency of the plant, other 
factors being equal.) However, it is interesting to note that 
the solar technology that is producing 90 percent of th e 
world's solar electric energy, the Luz in-line parabolic 
trough, does not track the sun's path precisely and uses an 
in-line receiver, which does not allow for as much concen
tration of the energy as other receivers. The reason, of 
course, is that it costs money to build a technology to the 
optimal performance level, and today those costs can not 
be recovered with the additional energy that would be 
gained. 

The good news about solar-thermal is that there 
seems to be a technology that can compete in some utility 
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service territories today. The better news is that if the cost 
of achieving more optimal designs is lowered, other ther
mal solar technologies will be competitive, and possibly 
will produce lower-cost electricity than the parabolic 
troughs. 

In any case, all research, for all technologies, is aimed 
at improving components with similar functions. These 
research aims are: 

1. Increasing the effective collector area relative to the 
size of the receiver. This can be done by changing the 
size ratio of the collector and receiver components or 
by more accurately tracking the sun's path, so that the 
sun remains parallel to a line from the collector cen
ter to the receiver. 

2. Improving the quality and lowering the costs of the 
reflective area of the collector surface. This requires 
lowering the construction cost of highly polished and 
accurate surfaces, which to date have been hard to 
mass produce, with the exception of the parabolic 
trough. 

3. Improving the absorptive characteristics of the receiv
ers. 

4. Finding low- cost ways to maintain reflective charac
teristics of collectors through better materials and 
cleaning techniques and to lower the amount of par
ticulate matter in the ambient air between the collec
tor and the receiver. 
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Central Solar 
Plant Sites 
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Figure 8-40 
Promising Areas in the Pacific Northwest 
for Central Solar Generating Plants 
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Gas-Hybrid Parabolic Troughs 

The overnight capital cost reported for the LUZ Cali
fornia plants is about $2,100 per kilowatt. The portion of 
the costs represented by the parabolic trough assemblies 
reportedly has declined by a factor of 4 to 6 since the first 
unit was installed in 1984. Levelized nominal costs of en
ergy have dropped from 25 cents per kilowatt-hour in 1984 
to about 11 cents per kilowatt-hour today and are ex
pected to be 7 to 8 cents per kilowatt-hour for the plants 
now under construction. But it is important to remember 
that those cost figures are for current low gas prices and 
for a plant located in the desert Southwest where there is 
an excellent solar resource and include the effects of spe
cial tax benefits. The Council's assessment of this technol
ogy suggests that the costs of a parabolic trough plant 
located in the Northwest currently would be considerably 
higher. 

There are many good solar resource areas in the re
gion that are located near existing transmission lines. This 
can be confirmed by looking back at Figure 8-40, which 
has superimposed on it the regional transmission grid. 
However, depending on the plant location, there could be 
additional costs to connect to the utility transmission sys
tem. The cost of a 115-kilovolt transmission line, which is 
adequate to transport electricity from a 150-megawatt 
power plant, is about $110,000 per mile. For a 30-mega
watt plant producing 210,000 megawatt-hours at an 80 
percent capacity factor, the transmission requirement 
would add 0.07 mills per kilowatt-hour per mile to the 

Parabolic 15,000 

Dish Cost ~ ..... ..... 
~ 12,500 

..9 
:.g 
(.) ·s 10,000 
(.) 
V v 
I-< 

Figure 8-41 V 7,500 0.. 

Cost Trends and 
V', 

'St 
00 

Targets for 0\ ,..., 
5,000 '-' 

Parabolic Dishes -if) 

0 

(Focal-Point Engines) u 
E: 2,500 
H 
if) 
>, 

if] 

0 
1980 

588 

GENERATING RESOURCES 

levelized cost of energy. Each 20-mile segment would add 
1.4 mills per kilowatt-hour to the levelized cost. Larger 
plants would see proportionately lower costs per kilowatt
hour; a 150-megawatt plant would see an increase of 
about 0.3 mills per kilowatt-hour per 20 mile segment. 
Thus, even at relatively long distances from a transmission 
system, the incremental cost would be small compared to 
the cost of power. 

Parabolic Dishes 

Cost for parabolic dishes also have dropped rapidly 
over the last decade. Figure 8-41 shows parabolic dish 
capital costs from 1980 through 1986 and future target 
costs. Costs dropped from $13,500 per kilowatt in 1980 to 
near $8,000 per kilowatt by 1986. The target costs are 
$1,500 per kilowatt by 1995. The information in Figure 
8-41 was produced three years ago. Costs have not de
creased as quickly as was projected for this technology, 
and there have been difficulties encountered with the en
gine-generators used at the focal point of each dish. 

Central-Receiver Systems 

Costs for central-receiver systems dropped from the 
$15,000 per kilowatt for the Barstow Solar One project to 
about $3,000 to $4,000 per kilowatt by 1986. Target costs 
are $1,500 per kilowatt by 1995 to 2000. This appears to be 
a difficult target to achieve. 

Historic 
------- Turget 

1985 1990 1995 
Year 
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The Council will follow the progress of central-station 
solar-electric systems over the next several years to deter
mine whether the Northwest should take any action re
garding solar central-station systems. These actions could 
include detailed assessments, pilot projects, shared re
search, development and demonstration, and so forth. 

Photovoltaics 

Photovoltaics did not come on the scene until 1954 
when they were invented by Bell Laboratories. In the 
1960s and 1970s they were used almost exclusively to pow
er space satellites. At that time, solar cells cost about $500 
per peak watt (a watt produced at solar noon). By 1980, 
this cost had dropped to $50 per peak watt and today solar 
cells are being produced for $5 per peak watt. The indus
try target is $1 per peak watt by the early 1990s. The pri
mary reason for the expected cost reduction is the advent 
of computer-controlled, large-scale production lines. 
When profits and installation costs are added, the cost 
would be about $4 per peak watt or about $4,000 per kilo
watt of capacity. By the late 1990s, the industry expects to 
be competitive with utility-scale generating plants. 

Figures 8-42 and 8-43 show electricity cost goals for 
selected photovoltaic technologies in cents per kilowatt
hour (nominal dollars) for a range of assumptions related 
to various component costs.46 Figure 8-42 shows year 2000 
cost goals for flat plate photovoltaic modules with two-ax-
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is tracking, in comparison with forecast regional avoided 
costs. Other flat plate photovoltaic designs (fixed and sing
le-axis tracking) appear to be not cost-effective at this 
time. Figure 8-43 shows year 2000 cost goals for concen
trator photovoltaic systems, also compared to forecast re
gional avoided costs. Costs are shown for four different 
assumptions about module efficiency in converting solar 
energy to electricity. The shaded areas represent national 
targets for the year 2000.47 At those prices, given the envi
ronmental advantages of solar, photovoltaic electricity 
almost certainly would be competitive. 

46. Costs were calculated based on the fundamental solar equa
tions for photovoltaics. The formulas can be found in the U.S. 
Department of Energy's, Five Year Research Plan, 1987-1991: 
National Photovoltaics Plan. Financial assumptions used by the 
Council for other resources were used in the calculations shown 
in Figures 8-42 and 8-43. 

47. The targets are for efficiency levels and costs and do not 
imply specific values for module costs or balance-of-system 
costs. 
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Because the technology is commercially available, this 
plan uses parabolic trough with supplemental gas-firing as 
the representative central station solar-electric technolo
gy. Because this technology is currently the least-costly of 
the solar-electric technologies, it serves as a useful bench
mark to test the current cost-effectiveness of solar power 
against competing resources. Furthermore, because of the 
supplemental gas-firing capability, this technology could 
conceivably provide additional value to the Northwest 
electric power system as a hydropower firming resource. 

The estimated costs and performance characteristics 
of the representative Northwest parabolic trough power 
plant with supplemental gas-firing are shown in Tobie 
8-47. Costs were completed with the assistance of mem
bers of the Solar Technical Advisory Panel of the Council 's 
RD&D Advisory Committee. Basic power plant costs have 
been adjusted to include transmission interconnection 
costs, supplemental fuel storage and other features mak
ing them comparable with other representative power 
plants used in this plan. The estimated capacity factor for 
the collector field is from estimates prepared by the Ore
gon Department of Energy for the 1986 Power Plan, for 
parabolic trough solar power plants located in southeast
ern Oregon. 

Because of its ability to operate on supplemental gas 
firing, the plant described on Table 8-47 could integrate 
well with the Northwest power system. The power plant 
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could be operated on natural gas as a backup to nonfirm 
hydropower, serving as a hydrofirrning resource as de
scribed in the "Nonfirm Strategies" section of this chap
ter. Because the gas heater would presumably be shut 
down during daylight hours, the availability of the plant 
for gas-fired hydrofirming would be somewhat more lim
ited than for a stand-alone combustion turbine plant. 

In addition to hydrofirrning, the gas portion of the 
plant could serve peak power needs, similar to the existing 
California LUZ plants. 

Conceivably, the plant could be constructed in two 
stages. The first phase would include the power block and 
gas heater. This could be followed at a later date by the 
solar field, if warranted by declining field prices or in
creases in natural gas prices. 

Reference Energy Costs 

Reference energy costs were calculated for each of 
the two phases of the representative parabolic trough so
lar thermal power plant with supplemental gas firing. In 
addition, melded costs were calculated for the plant as a 
whole. The Council's standard financial ass11mptions, as 
described in the introduction, were used. 
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Table 8-47 
Cost and Pe,formance of a Parabolic Trough Solar-Thermal Power Plant with Supplemental Gas-Firing 

(1990 Dollars) 

Power Block and Gas Heater Collector Field Total Plant 

Rated Capacity (MW) 80 oa 80 

Peak Capacity (MW) 87 oa 87 

Equivalent Availability (%) 92 92 92 

Heat Rate (Btu/kWh) 9,616 NIA 9,616b 

Siting and Licensing Cost ($/kw) 5 13a 18 

Option Hold Cost ($/kw/yr.) 3 oa 3 

Construction Cost ($/kw)C 735 2,636a 3,371 

Fixed O&M Cost ($/kw/yr.) 32 16a 48 

Variable O&M Cost (mills/kWh) 0.9 0.93 1.8 

Siting and Licensing Lead Time (months) 24 - 24 

Construction Lead Time (months) 24ct 24e 24ct 

Operating Life (years) 30 30 30 

a Incremental value. 
b Operating on natural gas. 
C "Overnight" cost (excludes interest during construction). 
d From equipment order; 12 months required for field work. Equipment order could proceed following one year of siting and 
licensing activity. 
e If built as a separate phase. 

The first phase, the power block with the gas heater, 
was assumed to be constructed independently, and oper
ated as a hydrofirming resource with a 30 percent capacity 
factor. Gas prices were assumed to be the "hybrid" series 
described in the "Nonfirm Strategies'' section of this chap
ter. The resulting reference energy costs are 17 cents per 
kilowatt-hour (nominal), with an annual energy produc
tion of 24 average megawatts from each 80 megawatt unit. 
(The comparable levelized energy cost from the Council's 
representative gas-fired combined-cycle combustion tur
bine operating at our equivalent capacity factor is 13.5 
cents per kilowatt-hour. The difference is largely attribut
able to the higher efficiency and lower operation and 
maintenance costs of the combined-cycle plant.) 

The second phase would involve addition of the solar 
collector field. The solar field could be expected to oper
ate the plant at about a 28 percent capacity factor in a 
southeastern Oregon or southern Idaho location, produc
ing on average, about 22 megawatts of energy. The cost of 
this incremental energy, considering the incremental costs 
only of the collector fields, is estimated to be 19.9 cents 
per kilowatt-hour (nominal). 
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The melded cost of energy from the plant operating at 
a 30-percent capacity factor on gas and a 28-percent ca
pacity factor on solar is about 18 cents per kilowatt-hour 
(nominal). 

Comparing these costs to the costs of electricity from 
new coal generation, about 11.1 to 12.7 cents per kilowatt
hour, clearly indicates that solar is clearly more costly than 
coal in this region. There are a number of reasons for this. 
The technology is expensive, even considering just the 
incremental cost of the parabolic trough array. This ex
pense is compounded by the relatively low solar capacity 
factor (approximately 28 percent) expected. Also (and not 
considered in the "stand-alone" energy costs described 
above), in the Northwest, peak solar months occur during 
the summer, when power needs are low. This tends to 
lessen the value of the solar resource.48 If the efficiency 
of the technology improves or capital costs come down, 
solar plants may become cost competitive in this region. 

48. See the section on resource cost-effectiveness and seasonal 
benefits in Volume II, Chapter 10. 
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Planning Assumptions 

Because parabolic trough solar-thermal technology is 
commercially available, though expensive, it was consid
ered for subsequent resource portfolio analysis where the 
availability of less expensive alternative resources was 

GENERATING RESOURCES 

curtailed. For purposes of analysis, this resource was con
sidered to consist of two blocks, one block consisting of 
the gas-heater-power block portion of the resource and 
the second block consisting of the collector field. 

Characteristics of these two blocks are summarized in 
Table 8-48. 

Table 8-48 
Solar Resource Planning Characteristics 

Solar I Solar II 
Parabolic Trough Power Blocks Parabolic Trough Collectors 

Total Capacity (MW) 1,600 1,600 

Total Firm Energy (MWa) 861 448 

Unit Capacity (MW) 80 80 

Seasonality Winter Peaking Summer Peaking 

Dispatchability Full Must-run 

Siting and Licensing Lead Time (months) 12a 123 

Probability of Siting and Licensing Success (%) 60% 95% 

Siting and Licensing Shelf Life (years) 5 5 

Probability of Hold Success (%) 90% 90% 

Construction Lead Time (months) 24b 24b 

Construction Cash Flow (%/yr.) 40%160% 40%160% 

Siting and Licensing Cost ($/kW) $5 $13 

Siting and Licensing Hold Cost ($/kW /yr.) $3 $0 

Construction Cost ($/kW) $735 $2,636 

Fixed Fuel Cost ($/kW/yr.) $0 $0 

Variable Fuel Cost (mills/kWh) 30.4 0.0 

Fixed OM&R Cost ($/kW/yr.)C $32 $16 

Variable O&M Cost (mills/kWh) 0.9 0.9 

Earliest Service 1994 1994 

Peak Development Rate (units/yr.) 6 6 

Service Life (years) 30 30 

Real Escalation Rates (%/yr.) 

. Capital Costs 0% 0% 

• Fuel Costs 2.8% 0% 

• O&M Costs 0% 0% 

a To equipment order; total siting and licensing time is 24 months. 

b From equipment order. 

C Includes fixed operation. maintenance and post-operational capital replacement costs. 
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Conclusions 

Solar already is contributing a large amount of power 
to utility grids in Southern California. The gas-enhanced 
parabolic trough appears to be a viable resource now in 
the proper niche where the solar resource is plentiful. 
Photovoltaics are used widely in remote applications and 
probably will occur on buildings in the next five to 10 
years. The region should identify possible future roles of 
solar photovoltaics. 

Clearly, solar resources are much farther advanced 
than they were when the Council adopted its 1983 and 
1986 power plans. It is now very important that we refine 
our regional solar data base, as solar thermal and photo
voltaics continue to make rapid progress. We will need an 
adequate data base to have confidence in our assessment 
of solar resources operating in concert with existing and 
planned resources. 

Recognizing the potential importance of solar, the 
Council has called on Bonneville and other utilities in the 
region to re-establish a regionwide solar insolation moni
toring system with continued collection of solar insolation 
data, and to conduct an analysis of the feasibility of solar 
applications. In addition, the Council recommends that 
the region seek out opportunities to demonstrate cost-ef
fective solar photovoltaic technologies and begin work that 
could lead to a central-station solar photovoltaic project. 

Solar power can be designed to maximize its contribu
tion to energy or to capacity. Solar alone can not be relied 
on as a base-loaded plant, unless storage is available to 
cover daily and seasonal swings in insolation. However, 
even without storage, solar, at the right costs, could also 
be used in the region. Several ways to employ solar can be 
considered: 

1. One obvious way would be to use a solar resource in 
combination with a natural gas resource, as in the Luz 
hybrid design. The gas could back up the solar re
source in the same way it is being proposed to back up 
nonfirm hydropower. 

2. The combination of solar and natural gas could be 
used to firm nonfirm hydropower. Often during cold 
and dry years, those weather conditions that stress the 
hydropower system have a lot of sunshine. If analysis 
of weather data confirmed this observation, solar 
might be a very good complement to the hydropower 
system. It could allow operators to maintain storage 
levels in the late summer and early fall when stream 
flows are lowest and recreational demands are high
est. Earlier withdrawals from the fisheries water bud
get could be "paid back" using the high solar 
production months of summer and fall. 

3. A stand-alone solar power plant would be used as a 
must-run resource. That is, use whatever energy is 
produced and regulate the output of dispatchable re
sources. 
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4. For any part of the region that is summer-peaking and 
is constrained by inadequate transmission capacity, 
solar plants could satisfy the resource needs and avoid 
transmission upgrades. 

5. Remote applications of photovoltaics could provide 
power in lieu of construction or upgrading of trans
mission and distribution lines. 
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System Efficiency Improvements 

Technology improvements, improved engineering ca
pability and increasing marginal resource costs create op
portunities for increasing the efficiency of the existing 
regional power system. Opportunities for cost-effective 
system efficiency improvements often arise during repair 
or replacement of existing equipment. This section con
tains analyses of four types of efficiency upgrades that can 
be implemented on the existing regional power system. 
These are 1) improvements to the efficiency of existing 
hydropower plants, 2) improvements to the efficiency of 
existing thermal power plants, 3) improvements to the 
efficiency of the transmission and distribution system, and 
4) conservation voltage regulation (improved control of 
distribution system voltage). Efficiency improvements may 
be secured in each of these areas, often at low cost and 
with little or no environmental impact. 

Hydropower Efficiency Improvements 

Hydropower efficiency improvement measures offer 
the potential for cost-effective increases in capacity and 
energy from existing regional hydropower projects. This 
potential is due to improved engineering, materials and 
equipment that have become available since many of the 
region's hydroelectric projects were built. Additionally, 
electrical energy costs, and therefore the cost of electrical 
losses, are much higher now than when much of the re
gional hydropower system was designed. Because the cost 
of losses used for the original designs was lower than if 
these projects were being designed today, designs and 
equipment often were chosen that are of lower efficiency 
than those that would be selected today. 

An in-depth assessment of the regional potential for 
hydropower system efficiency improvements appeared in 
t?e 1986 Power Plan. This assessment was based upori the 
fmdmgs of a series of studies, beginning with a 1984 re
port, prepared by the U.S. Army Corps of Engineers, that 
assessed ongoing and potential improvements in the effi
ciency of the Corps' hydropower projects (USACOE, 
1984). A 1985 report, prepared by Raymond Kaiser Engi
neer~ for Bonneville (BPA, 1985), was the first attempt at 
a reg10nw1de assessment of savings from hydropowcr effi
ciency improvements. That study estimated the costs and 
energy savings attributable to a variety of efficiency im
provement measures applied to a generic 100-megawatt 
hydropower unit. The generic estimates were augmented 
by ~ case study of the 774-megawatt Wells hydropower 
proiect. Regionwide estimates were developed by extrapo
lating generic plant estimates. During preparation of the 
1986 plan, the Council, with the assistance of Bonneville 
the Pacific Northwest Utilities Conference Committee a~d 
regional hydropower operators worked to refine the esti
mates of hydropower efficiency improvements appearing 
m the Raymond Kaiser study. The findings of this effort 
subsequently were published by Bonneville (BPA, 1986). 
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That work suggested that about llO megawatts of ad
ditional firm energy could be obtained by improvements to 
the efficiency of existing regional hydropower projects. 
Although some improvements to the facilities included in 
that estimate have been implemented, the Council does 
not believe that the potential for additional improvements 
has changed significantly since 1986. For this reason, the 
Council has not undertaken a reassessment of this re
source and is assuming that 110 megawatts of energy from 
hydropower efficiency improvements remain available. 

Efficiency Improvement Measures 

The principal measures available to improve hydro
power project efficiency are the following: 

Turbine Improvements 

Turbine runners (blade and hub assembly) of im
proved design and materials, air injection, contour reshap
ing and seal improvement may improve turbine reliability 
and efficiency beyond original design specifications, espe
cially for older units. In addition, improvements in the 
efficiency of turbine operation and design often will re
duce the mortality of fish passing through the units. 

Turbine Governor Improvements 

Many of the region 's hydropower projects use turbines 
of the Kaplan type. The blade angle of a Kaplan turbine is 
adjustable to improve efficiency as load and water head 
vary. On early units, the blade angle was controlled by a 
two-dimensional mechanical cam. As reservoir level fluc
tuated, cams were to be changed to maintain optimum 
efficiency. Because of the effort required, these cams typi
cally have been changed only when it is anticipated that 
the reservoir will be maintained at a constant level for 
some time. As a result, these turbines often are operated 
at less than optimum efficiency. 

In the early 1970s, a three-dimensional mechanical 
cam was developed. The three- dimensional cams incorpo
rate the contours of the set of two-dimensional cams in a 
single cam, eliminating the need to change cams manually. 
More recently, a microprocessor-based blade control sys
tem has been developed in which ,:1e relationships be
tween blade angle, gate opening and operating head are 
electronically programmed. 

To maintain optimum performance, a Kaplan turbine 
should have an " index" test performed that determines 
the optimal relationship among blade angle, gate opening 
and operating head. This relationship is unit-specific and 
varies over the unit life. An advanced microprocessor
based blade control system has been proposed that would 
provide automatic index testing and update of the elec
tronic cam program. The expected increase in efficiency 
has been estimated to be from 0.5 percent to 3 percent. A 
portable index testing unit has been developed by Bonne-
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ville. Development and demonstration of governors incor
porating automatic index testing is required before the 
potential of these devices can be assessed. 

Generator Windage Loss Reduction 

Improvements in the design of generator cooling sys
tems have reduced "windage" losses due to air friction. 
Retrofit of older generators with improved cooling systems 
has been demonstrated; however, not all older machines 
lend themselves to retrofitting. The general feasibility of 
cooling system retrofits also has been questioned because 
of interference with access to generator internals. Addi
tional assessment of this measure is required before the 
cost and availability of potential energy savings can be de
termined. 

Generator Rewinding 

Modern conductor insulation is thinner than that 
available in the past, allowing a greater amount of con
ducting ma"terial to be placed in each stator slot in a gen
erator rewind. This reduces resistance losses and may 
increase the rated capacity of the machine. 1b fully use 
the increased generator capacity, however, turbine im
provements also may be required. Additional assessment 
of this measure is required before the cost and availability 
of potential energy savings can be determined. 

Solid-State Exciters 

Solid-state generator exciters feature lower losses and 
reduced maintenance costs compared to earlier designs. 
Additional assessment of this measure is required before 
the cost and availability of potential energy savings can be 
determined. 

High-Efficiency 'Iransformers 

The cost and availability of energy savings through 
replacement of main power transformers have been as
sessed as part of Bonneville's Customer System Efficiency 
Improvement study (see "Transmission and Distribution 
Loss Reduction" section of this chapter). 

Improved Water Use 

Some water is lost to turbine operation and may in
clude water used for fishway attraction, navigation lock 
operation, fish ladders and juvenile fish bypass systems. 
Bypass water losses cannot be reduced beyond certain 
practical limits. However, bypass losses can be reduced 
through improved spillway gate seals, spillway gate posi
tion indicators, bypass water energy recovery facilities and 
other measures. 
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Increased Operating Head 

Increasing the operating head of hydraulic turbines 
can increase the turbine power output. Turbine modifica
tions and generator rewind may be required to fully use 
the additional power. Methods available for increasing 
operating head include raising reservoir levels and reduc
ing head losses due to hydraulic friction. 

The feasibility of raising reservoir levels is site-specif
ic and requires consideration of the social and environ
mental effects of the increased pool level, possible impacts 
on the output of upstream projects due to increase in tail
water levels and the cost of modifying turbine generator 
units to exploit the increased operating head. The Chief 
Joseph pool level was raised successfully; conversely, the 
proposed High Ross project was terminated, largely on 
environmental grounds. 

Head losses result from friction in water intakes, ca
nals, penstocks and other water conveyance structures. 
These losses can be reduced by several means, including 
enlarging the existing water conveyance structures and 
constructing parallel structures. These measures generally 
appear as hydropower project upgrades on the regional 
hydropower data base and are included in the assessment 
of new hydropower resources. 

Any projects to increase operating head must be con
sistent with fish and wildlife protection needs. 

Reduction in Station-Service Loads 

Hydropower station loads may be reduced through 
typical industrial conservation measures. These include 
efficient motors, high-efficiency lighting and controls, load 
balancing, power factor correction, high-efficiency station
service transformers, removal of unnecessary voltage regu
lators, heating, ventilating and air conditioning (HV AC) 
improvements, and weatherization. Because of lack of in
formation, possible savings from these measures have not 
been included in the estimates of hydropower efficiency 
improvements. 

Measure Cost 

The Council in its 1986 Power Plan assessed the cost 
of hydropower system-efficiency-improvement measures, 
using as its principal source the study prepared for Bonne
ville (BPA, 1985) by Raymond Kaiser engineers. The Bon
neville study included estimates of the cost and 
performance characteristics of each of the hydropower 
efficiency improvements described above, with the excep
tion of bypass water energy recovery facilities. These latter 
measures are too site-specific to be estimated generically. 
Cost and performance estimates were based on a repre
sentative 100-megawatt capacity hydropower unit. 

The estimated costs of these measures have been es
calated to 1990 dollars using the Handy-Whitman Index of 
public utility construction costs. The resulting levelized 
costs in nominal dollars are shown in Table 8-49. The 
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costs shown in Table 8-49 are based on the full costs of 
implementing these measures. Note, however, that several 
of the higher-cost measures, such as generator rewind, 
could be implemented during normal equipment overhaul 
or replacement, reducing the cost and improving the cost
effectiveness of these measures. 

Resource Availability 

For the 1986 Power Plan, a joint effort was undertak
en involving the Council, Bonneville, PNUCC and region
al hydropower operators to prepare an inventory of 
hydropower units on which the estimate of availability of 
regional savings could be based. The resulting estimates of 
regional hydropower efficiency improvement potential are 
shown in Table 8-49. Currently available measures, includ
ing turbine runner replacement and installation of elec
tronic governors can provide about 110 megawatts of 
energy. 

Because of uncertainties regarding cost and feasibility, 
the measures shown as "promising" in 'Tuble 8-49 are not 
currently considered available for development. 

Conclusions: Hydropower Efficiency 
Improvements 

Energy from potential hydropower efficiency improve
ments is an attractive resource because of its low cost and 
minimal environmental effects. Improvements in turbine 
design and operation allowing better operating efficiency 
may reduce the mortality of fish passing through the tur
bines. 

Because of the attractive costs and environmental 
qualities of hydropower efficiency improvements, the 
Council recommends that hydropower operators secure all 
cost-effective measures as opportunities arise. Current 
efforts to secure hydropower efficiency improvements, 
such as those pursued by the Washington Water Power 
Company at the company's older facilities, should become 
the norm regionwide. Regionwide acquisition of this re
source will require all hydropower operators, including 
Bonneville's preference customers, to consider marginal 
resource prices consistent with the region's avoided cost. 
Much of the region's hydropower capacity is controlled by 
federal agencies, and improvements to these projects are 
subject to the federal budgeting process. Methods to en
courage the upgrades of federal projects should be identi
fied and implemented. Federal hydropower operators 
should be encouraged to evaluate plant improvements on 
the basis of regional avoided cost. 

The Council encourages further assessment of the 
cost and availability of the promising resources identified 
in Table 8-49. The Council also encourages development 
and demonstration of advanced technologies leading to 
further improvements in the efficiency of hydropower 
units. 
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Thermal Plant Efficiency Improvements 

The efficiency of existing thermal plants may be up
graded to an extent depending on age and design. This 
upgrading may reduce operating costs and increase plant 
capacity and energy output. The extent of upgrades may 
range from minor component replacement to complete 
repowering using advanced design heat sources such as 
fluidized bed combustors. Major process modifications, 
such as repowering, are unlikely to be cost-effective in the 
Northwest at present because of the contemporary design 
of most of the region's thermal plants. However, compo
nent upgrades typical of industrial conservation efforts, 
such as efficient motors, variable-speed motor controllers, 
efficient pumps and efficient lighting, may prove cost
effective. 

Because the cost and availability of thermal power 
plant upgrades is plant-specific, the Council has been re
luctant to include generic estimates of regionwide thermal 
power plant upgrade potential in earlier power plans. But, 
recently, owners of several of the region's thermal power 
plants have published assessments of specific upgrades to 
these facilities. This information has provided the Council 
with the means to begin compiling estimates of regional 
thermal upgrade potential. 

Tables 8-50 and 8-51 list the thermal plant upgrades 
for which the Council currently has information adequate 
to estimate the availability and cost of energy. Though 
various utility least-cost plans mention possible upgrades 
to plants other than those listed in Tables 8-50 and 8-51, 
published information concerning these upgrades is insuf
ficient to support estimates of energy cost and availability. 

Of the upgrades listed in Tables 8-50 and 8-51, the 
Bridger upgrade and the WNP-2 low pressure rotor re
placement are underway and included in the estimates of 
existing resource capability used for this plan. Thus, these 
are not considered as possible new resources. 

The two Beaver upgrades are mutually exclusive. Be
cause Portland General Electric Company cites upgrade 2 
as preferable, and because of the lower cost of this more 
extensive upgrade, the Council has chosen Beaver up
grade 2 for inclusion in the thermal plant upgrade supply 
curve. This, along with the WNP-2 governor valve up
grade constitutes the Council's thermal plant upgrade sup
ply estimate at this time. Because of the small size of this 
resource, thermal plant upgrade potential was consoli
dated into a single resource block for planning purposes 
(Table 8-52). The characteristics of the melded block of 
resource principally reflect those of gas-fired combined
cycle plants because of the dominance of this resource 
block by the Beaver upgrade 2. 

The Council encourages owners and operators of the 
region's thermal power plants to fully explore the poten
tial for cost-effective upgrades to these facilities, and to 
implement these improvements when cost-effective. 
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Table 8-49 
Availability and Cost of Hydropower Efficiency Improvements (1990 Dollars) 

Energy (MWa) 

Available Promising Cost (cents/kWh? 

Turbine Runner Upgrades (Kaplan) - - 3.3 

Turbine Runner Upgrades (Frances) - - 1.7 

Total Energy, Turbine Runner Upgrades 85 

Electronic Governors 27 - 0.1 

Windage Loss Reduction - 46 1.1 

Generator Rewinding - 5 116.7 

Solid-state Exciters - 9 14.4 

High-efficiency Transformers - - 2.3 

Improved Water Usage - 23 0.3b 

Station-Service: High-Efficiency Motors - - 10.8 

Station-Service: Improved Powerhouse Lighting - - 11.8 

Station-Service: Improved Powerhouse HVAC - - 79.8 

Total Station Service Upgrades 17 

a Reference levelized life-cycle costs, nominal dollars. Based on a hypothetical 1990 in-service date; normalized to a 40-year service 
life. 

b Costs based on representative gate position indicator upgrade. 

Table 8-50 
Thermal Plant Upgrades: Pe,formance 

Incremental Incremental Incremental 
Capacity Energy Heat Rate Earliest Service Operating Life 

Plant and Measure (MW) (MWa) (Btu/kWh) (year) (years) 

Jim Bridger Upgradea 33.0b 27.4b 0 1991 32 

Beaver Upgrade 1 d 37.0 25.9 6,189 1993 20 

Beaver Upgrade 2c,d 75.0 52.5 6,773 1993 20 

WNP-2 LP. Rotor<' 13.7 8.9 10,225 1992 32 

WNP-2 Governor Valvese 8.0 5.2 0 1993 31 

a Infonnation from Idaho Power Company Draft Resource Management Report Least-Cost Plan Workpapers (undated, released 
January 1991). 

b Idaho Power Company share. 

C Beaver upgrade 2 is inclusive of Beaver upgrade 1. 

d Information from Portland General Electric Company. The 1990 Integrated Resource Plan: A Least-Cost Approach, October 1980. 

e Information from Washington Public Power Supply System letter from J.P Burn to J.R. Lewis, Bonneville Power Administration 
"WNP-2 Megawatt Improvement Programs," May 1990. 
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Table 8-51 
Thennal Plant Upgrades: Cost 

Capital Fixed Variable Fixed Fuel Variable Levelized Energy Cost 
Cost O&M O&M Cost Fuel Cost Real Nominal 

Plant and Measure ($/kW)" ($/kW/yr.)" (m/k.Wh)" ($/kW/yr.) ($/MM Btu) (cents/kWh)" (cents/kWh)" 

Jim Bridger Upgrade 182 0.00 0.00 - - 0.02 0.04 

Beaver Upgrade 1 713 9.99 0.31 0.00 3.16 4.1 8.1 

Beaver Upgrade 2 436 9.99 0.31 0.00 3.16 3.8 7.5 

WNP-2 LP. Rotor 1,460 18.68 4.6 27.72 0.5 3.3 6.6 

WNP-2 Governor Valves 300 0.00 0.0 - - 0.3 0.6 

a "Overnight" cost (exclusive of interest during construction); per incremental capacity and energy. 

Transmission and Distribution Loss 
Reduction 

Transmission and distribution systems transport elec
tric power from the generating plant to the retail custom
er. A simplified transmission and distribution system is 
illustrated in Figure 8-44. Step-up transformers increase 
voltage from the terminal voltage of the generating equip
ment (typically 13.8 kilovolts) to transmission voltage. 
Power is transported over long distances between generat
ing plants and load centers on transmission lines. These 
operate at voltages of 69 to 500 kilovolts, or higher. High
er transmission voltages can reduce electrical losses and 
allow use of smaller transmission conductors. Near load 
centers, substation transformers reduce voltage from 
transmission levels to the voltage used for local distribu
tion. Power is distributed from the substation to end users 
on primary distribution feeders. These run along streets 
and roads, above ground (overhead distribution), or buried 
(underground distribution), at voltages ranging from 2.4 
kilovolts ( older feeders) to 34.5 kilovolts. Distribution 
transformers, located at intervals along the primary distri
bution feeders, reduce primary distribution voltage to cus
tomer service voltages (120 to 600 volts, depending on the 
user). Power is transferred from the distribution trans
former to the end user by secondary feeders. 

Losses from transmission and distribution of electrical 
energy are estimated to comprise about 7.5 to 9 percent of 
loads. Applying this estimate to the forecast Pacific North
west firm electric load of 18,100 average megawatts for 
operating year 1989-1990 yields estimated regionwide 
transmission and distribution losses of about 1,360 to 1,630 
average megawatts. Bonneville, having no distribution sys
tem, experiences lower losses as a percentage (about 2.5 
percent) than the system as a whole. Bonneville's firm 
losses are estimated to be about 144 average megawatts 
for operating year 1989/1990 (PNUCC, 1989). Losses as a 
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percentage, during peak loads can be significantly higher, 
because they are determined by the square of the current 
and the total impedance of the system. Peak losses be
come important for capacity-constrained systems or areas 
with transmission capacity constraints, such as those being 
e:x-perienced in the Puget Sound area. 

This section includes an assessment of the loss reduc
tion potential on both Bonneville's transmission system 
and non-Bonneville regional transmission and distribution 
systems. The estimated loss reduction potential on Bonne
ville's transmission &)'Stem is based on the most recent 
reports of Bonneville's Loss Savings Task Force. The 
assessment of loss reduction potential on the non-Bonne
ville systems is based on Bonneville studies of loss reduc
tion potential on its customer systems and consultations 
with regional utilities organized by the Pacific Northwest 
Utilities Conference Committee (PNUCC). 

The following section assesses regionwide technical 
and economic potential for loss reduction on transmission 
and distribution systems. Described next are possible envi
ronmental implications of transmission and distribution 
loss reduction measures. Following this, prospects for im
plementing loss reduction programs in the Pacific North
west are described and achievable potential is estimated. 
Finally, the Council's conclusions are described regarding 
transmission and distribution loss savings potential. 
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Table 8-52 
Thermal Plant Upgrade Planning Characteristics (1990 Dollars) 

Thermal Plant Upgrades 

Total Capacity (MW) 83 

Total Firm Energy (MWa) 58 

Unit Capacity (MW) 42 

Seasonality None 

Dispatchability Dispatchable 

Siting and Licensing Lead Time (months) 12 

Probability of Siting and Licensing Success (%) 95% 

Siting and Licensing Shelf Life (years) 5 

Probability of Hold Success(%) 90% 

Construction Lead Time (months) 12 

Construction Cash Flow (%/yr.) 10/90 

Siting and Licensing Cost ($/kW) $0 

Siting and Licensing Hold Cost \$/kW/yr.) $0 

Construction Cost ($/kW) $423 

Fixed Fuel Cost ($/kW /yr.) $0.00 

Variable Fuel Cost (mills/kWh) 19.5a 

Fixed OM&R Cost ($/kW /yr.) $9.00 

Variable O&M Cost (mills/kWh) 0.3 

Earliest Service 1993 

Peak Development Rate (units/yr.) 2 

Service Life (years) 21 

Real Escalation Rates (%/yr.) 

• Capital Costs 0% 

• Fuel Costs 2.8%a 

• O&M Costs 0% 

a Hybrid natural gas price series used to simulate weighted thermal plant upgrade fuel costs. 
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Loss Reduction Measures 

A number of measures may be used to improve trans
mission and distribution efficiencies. These measures can 
be categorized as follows: 

• Replacement of transmission and distribution system 
components, such as transformers and conductors, 
with components having lower electrical losses. 

• Modification of system operating conditions, such as 
nominal voltage levels, to reduce losses. 

• Modification of load characteristics to reduce trans
mission and distribution ~ystem losses. Examples in
clude reducing peak loads and reducing reactive loads. 

• Reconfiguration of the transmission and distribution 
system. An example is reconfiguring distribution feed
ers to reduce the average distance, and therefore 
losses between a substation and its loads. 

In a study prepared for the Bonneville Power Admin
istration, Westinghouse Electric Corporation assessed 88 
measures, including 49 "state-of-the-art" measures and 
39 "future" measures, as having potential to improve 
transmission and distribution system efficiencies (BPA, 
1986). In that study, 15 of the 88 measures were identified 
as having the greatest potential benefit for Bonneville and 
its customers. Several of these 15 measures, such as re
vised transmission and distribution system design stan
dards, are not in themselves loss reduction measures, but 
rather means of implementing transmission and distribu
tion loss reduction. Moreover, not all of the ''state-of
the-art" measures are commercially proven. The 
Bonneville study of loss reduction potential on Bonneville 
customer systems (BPA, 1987) was based on three com
mercially proven loss reduction measures with widespread 
application to regional transmission and distribution sys
tems. These studies, along with discussions with utility 
transmission and distribution staff, suggest that the loss 
reduction measures described below hold the greatest 
promise for application to transmission and distribution 
systems in the Pacific Northwest. 

Reconductoring 

Transmission and distribution conductors may be tech
nically adequate to serve their intended load, yet may ex
perience high losses due to conductor resistance. 
Substitution of larger, lower-resistance conductors for 
sizes that are just technically adequate may economically 
reduce system losses. 

Increase Primary Distribution Feeder Voltage 

Primary distribution feeders operate at voltages rang
ing from 2.4 to 34.5 kilovolts. Increasing the nominal oper
ating voltage of a feeder will reduce the current carried 
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and hence losses. Increasing primary distribution feeder 
operating voltage requires complete feeder rebuilding and 
replacement of most components. 

Reactive Power Control 

Transmission and distribution systems transport both 
real and reactive power. Real power is the portion of the 
total power that provides useful energy to end users. 
Reactive power is consumed by certain end uses, particu
larly motors, but does not produce useful energy. But both 
reactive as well as real power transfers contribute to trans
mission and distribution system loads and losses. Real 
power must be generated at a generating plant, but reac
tive power can be supplied by capacitors and reactors. By 
locating these devices near the source of reactive load, 
reactive power transfer through the transmission and dis
tribution system can be reduced. This can reduce system 
loading and losses. 

Feeder Reconfiguration 

As utility systems have grown over the years, the phys
ical and electrical configuration of distribution networks 
generally has not been optimized to minimize losses. For 
example, some distribution feeders may be carrying heavy 
loads, with attendant high losses, while nearby feeders 
remain lightly loaded. Loads can often be shifted from 
heavily loaded feeders to more lightly loaded feeders by 
physical reconfiguration. In some cases the distance from 
the substation to the retail customer can be shortened by 
reconfiguration. 

Phase Load Balancing 

Primary distribution feeders generally consist of three 
physically separate conductors, one for each phase. As 
single-phase customers, such as residences, are added to a 
feeder, an attempt is made to equalize loads on each 
phase of the primary feeder. This minimizes losses. But 
daily and seasonal variation in loads, and long-term 
changes in the load of any single-phase customer may 
cause imbalance in the loads among feeder phases. Tech
nology is being developed to dynamically balance three
phase feeder loads by use of devices that automatically 
switch loads among phases. This will minimize losses due 
to phase imbalance. 

Peak Load Control 

Because losses are proportional to the square of the 
load current, reductions in peak load will reduce transmis
sion and distribution losses significantly. Vatjous tech
niques, including pricing incentives and interruptible 
end-use equipment operation, are available for reducing 
peak loads, and related transmission and distribution sys
tem losses. 
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Distribution Automation 

Any of the four measures discussed above (reactive 
power, feeder configuration, phase load balance and peak 
load) can be automatically managed to minimize system 
losses. 

Amorphous Metal Core Transformers 

Use of amorphous metal in lieu of conventional sili
con steel for the magnetic cores of transformers can re
duce transformer core energy losses up to 60 to 70 percent 
(EPRI, 1988). Although amorphous core transformers cost 
more than conventional silicon steel core transformers of 
equivalent capacity, their use to reduce losses may be 
cost-effective, particularly in light-load applications where 
transformer losses are dominated by core losses. 

High-Efficiency Silicon Steel Transformers 

11-ansformer losses can also be reduced by replacing 
conventional silicon steel transformers with improved low
er-loss designs, and by sizing conventional units to reduce 
peak loading. 

Conservation Voltage Regulation 

Reducing the electrical voltage supplied to customers 
to the lower half of th e standard voltage control band in
creases the efficiency of certain types of end-use equip
ment. The energy savings occur at the end use and at 
distribution transformers. The measures are implemented 
only on the distribution system . Conservation voltage reg
ulation is assessed in detail following this discussion of 
transmission and distribution loss reduction. 

Improved Insulators 

The porcelain insulators used in transmission and dis
tribution systems allow a small current leakage to ground. 
Polymer-based insulators have lower leakage currents 
than conventional porcelain units and may reduce system 
losses. 

Environmental Considerations 

Other than local and generally minor disturbance dur
ing construction, transmission and distribution system loss 
reduction has few environmental effects. Two environ
mental issues that may be associated with transmission 
and distribution system loss reduction are electromagnetic 
field effects and the retirement of equipment containing 
polychlorinated biphenyl compounds (PCBs). 

Electromagnetic Field Effects 

The voltage and current associated with the transport 
and use of electric power create electrical and magnetic 
fields that have the potential to affect biological processes. 

601 

GENERAfJ NG RESOL: RCES 

Certain epidemiologic studies have indicated a positive 
relationship between magnetic fields and adverse health 
effects. Two studies in the Denver area have shown some 
stati.stical correlation between cases of childhood cancer 
and nearby power lines carrying high-current loads. Other 
studies have shown some positive correl ation between 
chronic occupational exposure to strong electromagnetic 
fields and cases of leukemia and brain cancer. The ob
served correlations between electromagnetic fields and 
disease in these studies is weak, and other environmental. 
or social factors may contribute to, or be responsible for 
the observed effects. Moreover, other studies have pro
duced conflicting results. Nevertheless there is sufficient 
concern that further research is underway to confirm or 
deny the hypothetical correlation between electromagnetic 
fields and health effects. 

Certain transmission and distribution loss reduction 
measures can affect magnetic field strength. In particular, 
upgrading primary distribution feeder operating voltage 
reduces current now and thereby the magnetic field asso
ciated with the feeder. But the association of adverse 
health effects with electromagn etic fields currently is too 
weak and uncertain to attribute health benefits to loss 
reduction measures that also reduce magnetic fields. Fur
ther research should better establish the relationship, if 
any, between magnetic fields and adverse health effects. 

Polychlorinated Biphenyl (PCB) Disposal 

Some transmission and distribution system compo
nents, including transformers and capacitors, arc filled 
with oil for electrical insulation and cooling. The cooling 
oil of older units contained polychlorinated biphenyl com
pounds (PCBs), prized for their insulating properties and 
intlammability. But, PCBs have been found to be carcino
genic and are not allowed in new equipment. Old equip
men t found to contain PCBs is decontaminated or 
disposed of under controlled conditions. 

Transmission and distribution system loss reduction 
programs may accelerate the removal of PCB and PCB
contaminated equipment (though many utilities have al
ready removed PCB-containing equipment). This may 
create some additional interim hazard of inadvertent PCB 
releases through the handling and disposal of PCB-con
taining equipment. These can be minimized through prop
er handling and disposal procedures. In the long run, loss 
reduction programs should result in more rapid reduction 
in the overall hazard from PCB compounds as the stock of 
older, less efficient components containing PCBs is elimi
nated. 

Technical and Economic Potential 
in the Pacific Northwest 

This section discusses the potential for transmission 
and distribution system loss reduction in the Northwest. 
Discussed first are potential savings on the Bonneville 
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system. This is followed by a discussion of potential sav
ings on the region's utility systems. 

The Bonneville Transmission System 

Over the past several years, Bonneville periodically 
has convened a Loss Savings 1ask Force. This Task Force 
has assessed opportunities for loss reductions through up
grades to the Bonneville transmission system. Promising 
loss savings opportunities have been recommended for 
inclusion in Bonneville's budget (BPA 1984, 1987a, 1987b) 
only when cost-effective. In general, cost-effectiveness 
has been defined under the conditions of surplus that ex
isted when these reports were written. Now that resources 
are needed, additional loss-saving measures should be 
cost-effective. 

The 1986 Power Plan included 34 megawatts of poten
tial loss savings on the Bonneville transmission system. 
These savings were estimated to be available at costs less 
than 50 mills per kilowatt-hour (real levelized cost of sav
ings) based on the Fiscal Year 1985-1986 Loss Savings 
Task Force report (BPA, 1984). 

Potential loss savings for the Bonneville transmission 
system have been reassessed using the 1987 updates to the 
Fiscal Year 1985-1986 Loss Savings 1ask Force report and 
the financial assumptions used by the Council for prepara
tion of this power plan. Loss reduction projects assessed in 
the 1987 updates to the Fiscal Year 1985-1986 Loss Sav
ings Task Force report are listed in Table 8-53. The costs 
shown in Table 8-53 are the full costs of these projects. 
This reassessment suggests that there are potential loss 
savings of about 43 megawatts on the Bonneville transmis
sion system at nominal levelized energy costs of 15 cents 
per kilowatt-hour or less (Table 8-54). Excluded from 
Table 8-54 are 26 megawatts of possible savings from con
structing a parallel line to the existing DC intertie. These 
latter savings would largely be of nonfirm energy and are 
excluded for that reason. Also, not included are possible 
savings resulting from upgrade of trans-Cascade transmis
sion from Chief Joseph to the Puget Sound area (not 
shown in 1able 8-53). 

The Non-Bonneville Transmission and 
Distribution Systems 

The assessment of the cost and availability of energy 
savings through loss reduction on transmission and distri
bution systems other than those of Bonneville's is based 
on a customer system efficiency improvement (CSEI) 
study prepared for Bonneville by Pacific Northwest Labo
ratory (PNL, 1987). The Council and PNUCC conducted a 
series of consultations with transmission and distribution 
system staff of regional utilities to verify and update the 
assumptions and methodology used in the CSEI study. 

The Bonneville CSEI study was a "top down" study 
intended to produce an approximation of the cost and 
magnitude of regionwide loss savings potential for use in 
long-term regional planning. The results of the study were 
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not intended to be used as the basis for estimating loss 
reduction potential on any given transmission line or dis
tribution feeder. Assessment of the loss reduction poten
tial on a given transmission line or distribution feeder 
requires individual engineering study. 

Regional Transmission and Distribution System 
Component Census 

The CSEI study focused on system components 
known through previous studies to be responsible for the 
greatest proportion of transmission and distribution system 
losses. These components include distribution transform
ers, substation transformers, transmission conductors and 
primary distribution feeder conductors. A census of the 
regionwide population of these components was developed 
through a survey administered to 144 Bonneville custom
ers. The estimates of the regionwide population of these 
components are shown in Table 8-55. The breakouts by 
investor-owned and consumer-owned utility systems are 
approximate. 

Reduction Measures 

The CSEI study assessed the availability and cost of 
loss savings from components that are responsible for 
most transmission and distribution system losses. The fol
lowing measures were considered the most promising. 

• Replacement of existing distribution transformers with 
conventional silicon steel core transformers of greater 
efficiency. 

• Replacement of existing substation transformers with 
conventional silicon steel core transformers of greater 
efficiency. 

• Replacement of existing transmission conductor with 
conductor of three standard sizes larger. 

• Replacement of existing primary distribution feeder 
conductor with conductor of three standard sizes larg
er. 

• Upgrading the nominal voltage of 12.5 kilovolt prima
ry distribution feeders to 34.5 kilovolt. 

Measure Costs and Performance 

Cost information for the CSEI study was derived from 
utilities, equipment vendors and published literature. For 
most measures, equations relating the cost of equipment 
to its physical or electrical characteristics were derived by 
regression analysis of specific component data. This was 
done to facilitate estimation of costs for a wide variety of 
equipment ratings, including systemwide averages not cor
responding to standard equipment ratings. 
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Table 8-53 
Loss Reduction Measures-Bonneville Transmission System 

Peak Loss Average Capital Annual Levelized Energy Cost 
Savings Loss Savings Cost O&M Cost Real Nominal 

Project Measure (MW) (MWa) (MM$) (MM $/yr.) (cents/kWh) (cents/kWh) 

Olympic Peninsula Reinforcement 13.0 5.5 36.359 0.073 8.7 4.4 

Kitsap Transformer Tx Replacementa 2.0 0.8 4.110 0.000 6.2 3.1 

Flathead Valley 6.0 2.5 21.578 0.043 11.2 5.7 

Sno-King 230/500kV 5.0 2.1 22.922 0.046 14.3 7.3 

Santiam-Conser 12.0 5.0 56.011 0.112 14.5 7.4 

Trojan-St. Helens Reconductoring 5.6 2.4 5.952 0.000 3.2 1.6 

Southwest Portland Reinforcement 2.3 1.0 3.636 0.007 4.9 2.5 

Driscoll Support 2.3 1.0 7.588 0.Q15 10.3 5.2 

Fry Loop-in Reinforcement 4.4 1.8 11.856 0.024 8.4 4.3 

Fairview Reinforcement 5.0 2.1 19.542 0.039 12.2 6.2 

Harvalum 500/230kV Tx Replacement 3.5 1.5 10.275 0.000 8.8 4.5 

Bellingham 230/115kV Tx Replacement 0.5 0.2 2.924 0.000 17.6 8.9 

Potlatch-Cushman 5.0 2.1 0.776 0.002 0.5 0.2 
No. 2 Powerhouse 

Bellingham 500/230kV Tx Replacement 9.1 3.8 10.749 0.000 3.5 1.8 

Big Eddy-Chemawa Reinforcement 0.8 0.3 1.028 0.002 4.0 2.0 
Loop to Pearl 

Diablo-Bothell Loop Reinforcement 1.6 0.7 2.400 0.005 4.7 2.4 
to Murray 

Snohomish-Murray Reconductoring 1.7 0.7 3.158 0.000 5.6 2.8 

Custer-Bellingham Reconductoring 1.6 0.7 2.398 0.000 4.5 2.3 

Hungry Horse-Conkelly Reconductoring 0.7 0.3 1.320 0.000 5.7 2.9 

Salem-Grande Ronde Reconductoring 2.9 1.2 2.637 0.000 2.7 1.4 

Clatsop 230/115kV Tx Replacement 0.4 0.2 1.541 0.000 11.6 5.9 

Midway-Grandview Reconductoring 2.3 1.0 4.758 0.000 6.2 3.2 

S. Tillamook-Tillamook Reconductoring 0.3 0.1 0.389 0.000 3.9 2.0 

Brewster-Bridgeport Reconductoring 0.6 0.3 1.138 0.000 5.7 2.9 

Martin Creek-Doreena Reconductoring 0.4 0.2 0.446 0.000 3.3 1.7 

Box Canyon Tap Reconductoring 0.2 0.1 0.427 0.000 6.4 3.3 

All-Film Capacitors All-Film 0.0 0.0 0.001 0.000 0.1 0.1 
(Generic) Capacitors 

Columbia Falls 0.2 0.1 0.071 0.000 1.1 0.6 . 
Reedsport T -962 Transformer 0.0 0.0 0.000 0.000 0.0 0.0 

Disconnect 

Ponderosa 500/230kV 0.1 0.0 0.000 0.000 0.0 0.0 
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Table 8-53 (cont.) 
Loss Reduction Measures: Bonneville Transmission System 

Peak Loss Average Capital Annual Levelized Energy Cost 
Savings Loss Savings Cost O&M Cost Real Nominal 

Project Measure (MW) (MWa) (MM$) (MM $/yr.) (cents/kWh) (cents/kWh) 

Ledbedder T-757 Transformer 0.0 0.0 0.000 0.000 0.0 0.0 
Disconnect 

Monmouth T-756 Transformer 0.0 0.0 0.000 0.000 0.0 0.0 
Disconnect 

Valley Way T -902 Transformer 0.0 0.0 0.000 0.000 0.0 0.0 
Disconnect 

DC Parallel Line- Reinforcement 66.5 25.9 88.053 0.176 4.4 2.3 
Oregon 

Martin Creek- Reconductoring 0.4 0.1 0.453 0.000 5.7 2.9 
Cottage Grove 

Ringold-Connell Tap Reconductoring 0.2 0.1 1.059 0.000 13.4 6.8 
115kV 

Santiam-Bethel 230kV Reconductoring 1.6 0.5 1.479 0.000 3.8 1.9 
Reconductor 

Shelton 500/230kV Reinforcement 13.2 4.4 38.241 0.076 11.5 5.8 
Addition 

Olympia 230/115kV Tx Replacement 1.5 0.4 2.225 0.000 6.9 3.5 
Transformer 

Roundup 230/69kV Tx Replacement 0.4 0.2 1.556 0.000 9.8 5.0 
Transformer 

Rocky Reach 345/230kV Tx Replacement 0.4 0.1 5.134 0.000 64.8 32.9 
Transformer 

a Tx-Transformer. 
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Table 8-54 
Supply Curve of Loss Savings on the Bonneville Transmission System (1990 Dollars) 

Levelized Energy Cost 
(nominal cents/kWh) 
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2 
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4 
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Distribution Transformers 

The cost and performance characteristics of existing
grade distribution transformers and high-efficiency re
placements, as calculated by the regression equations of 
the CSEI study, are shown in Table 8-56. The costs of 
Table 8-56 have been escalated to 1990 dollars using the 
Handy Whitman Index of public utility costs. 

Because this assessment assumes that high-efficiency 
equipment is installed when replacement of existing stock 
is needed, installation costs, being the same for standard 
or high-efficiency equipment of similar rating, should not 
affect the incremental costs attributable to the measures. 
Therefore, the costs in Table 8-56 include no allowance 
for installation, nor do they include engineering or admin
istrative costs, nor contingency allowances. TI1e installa
tion costs for high-efficiency equipment should be no 
greater than for equipment of standard efficiency. Howev
er, engineering costs, administrative costs and contingency 
allowances have been incorporated into the calculation of 
measure cost-effectiveness (see below). 

The CSEI study did not consider the replacement of 
standard silicon steel core transformers with amorphous 
metal core transformers because of the early stage of com
mercial deployment of amorphous metal units at that 
time. Amorphous metal core distribution transformers 
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Cumulative Loss Savings 
(MWa) 

2.2 

2.3 

3.5 

10.3 

12.1 

14.4 

16.3 

16.7 

25.5 

25.5 

26.7 

33.6 

35.8 

35.9 

43.1 

have since become commercially available. Examples of 
amorphous core transformer cost and performance, taken 
from bid sheets and escalated to 1990 dollars, are shown in 
Table 8-57. 

Substation Transformers 

Because the CSEI study reports do not provide suffi
cient background information to permit disaggregation of 
substation transformer cost estimates, substation trans
former upgrades were omitted from this analysis. (Up
grade of substation transformers with more efficient 
transformers was found in the CSEI study to provide only 
several megawatts of loss reduction.) 

Reconductoring 

Table 8-58 shows the cost and performance assump
tions used in the CSEI study for reconductoring of prima
ry distribution feeders and transmission lines. Unlike the 
transformer costs of Tables 8-56 and 8-57, these cost esti
mates include installation costs. Thus, the costs may be 
overstated since the cost-effectiveness of loss reduction 
activities is based on incremental costs of these measures. 
Engineering and administrative costs and contingency al
lowances are excluded. Costs have been adjusted to 1990 
dollars. 
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Table 8-55 
Estimated Pacifzc Northwest Population of Transmission and Distribution System Components 

Population 

Component Average Capacity IOU Systems (units) COU Systems (units) 

Distribution Transformers 

• 0-7.5 kVA3 Units 5kVA 28,140 16,500 

• 7.6-15.0 kVA Units lOkVA 274,000 161,000 

• 15.1-25.0 kVA Units 15 kVA 209,000 123,000 

• 25.1-40.0 kVA Units 28kVA 85,400 50,200 

• 40.1-50.0 kVA Units 48kVA 109,000 64,200 

• 50.1-75.0 kVA Units 52kVA 74,700 43,900 

• 75.1-100.0 kVA Units 75kVA 15,500 9,120 

• 100.1-200.0 kVA Units 118 kVA 11,600 6,830 

• 200.1-300.0 kVA Units 232 kVA 4,020 2,360 

• 300.1-500 kVA Units 305 kVA 2,210 1,300 

• 500+ kVA Units 1,032 kVA 1,900 1,120 

Substation Transformers 

• 0-7.5 MVAb Units 5.7MVA 489 299 

• 7.6-20.0 MVA Units 11.1 MVA 104 63 

• 20+ MVA Units 56.0MVA 147 90 

( circuit miles) ( circuit miles) 

Primary Distribution Feeders 

• 0-11.9 kV Feeders 4AWGC 1,650 1,860 

• 12.0-17.0 kV Feeders 2/0 AWG 20,300 22,900 

• 18.0-50.0 kV Feeders lAWG 5,610 6,320 

Transmission Lines 

• 34.5 kV Circuits 2/0AWG 3,912 690 

• 69 kV Circuits 2/0AWG 3,615 638 

• 115 kV Circuits 336.4 Mcmild 10,268 1,812 

• 230 kV Circuits 874.5 Mcmil 3,536 624 

a K_ilovolt-Amperes. 
b Megavolt-Amperes. 
C Ameiican Wire Gauge (conductor size). 
d Thousand circular mills (cable size). 
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Table 8-56 
Cost and Pe,formance of Silicon Steel Core Distribution Transformers 

Existing Stock High-Efficiency Units 

Nominal Rating Average No-Load Load Unit No-Load Load Unit 
Category Capacity Efficiency Loss Loss Cost Efficiency Loss Loss Cost 
(kVA)" (kVA) (%) (watts) (watts) ($/unit) (%) (watts) (watts) ($/unit) 

7 5 97.0% 43 109 $304 97.6% 30 91 $317 

15 10 97.5% 67 188 $370 98.0% 47 148 $393 

25 15 97.5% 90 280 $430 98.3% 64 198 $462 

40 28 97.4% 182 547 $575 98.3% 119 363 $612 

50 48 97.9% 247 746 $819 98.7% 154 470 $889 

75 52 98.0% 247 774 $870 98.8% 158 486 $947 

100 75 98.4% 286 900 $1,160 99.0% 182 558 $1,281 

200 118 98.8% 334 1,062 $1,712 99.4% 213 547 $2,003 

300 232 99.3% 406 1,300 $3,237 99.6% 257 781 $3,839 

500 305 99.4% 435 1,394 $4,254 99.6% 275 836 $5,164 

500+ 1,032 99.8% 565 1,821 $15,720 99.9% 354 1,077 $22,092 

a Kilovolt-Amperes. 

Table 8-57 
Example Cost and Pe,formance Am01phous Metal Core Distribution Transformers (1990 Dollars) 

Nameplate Rating No-Load Loss Load Loss Equipment Cost 
(kVA)3 Efficiency (%) (watts) (watts) ($/unit) 

25 99.0 28 213 $930 

25 98.9 19 253 $982 

50 99.1 36 413 $1,380 

50 99.0 31 481 $1,305 

75 99.2 50 526 $2,064 

100 NIA NIA NIA $2,374 

a Kilovolt-Amperes. 
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Table 8-58 
Cost and Pe,formance of Transmission and Distribution System ACSRa Conductors (1990 Dollar~) 

Size Size Resistance Cost (New Construction) Cost (Reconductoring) 
(AWG)b (Mcmil)C (Ohm/mile) ($/mile) ($/mile) 

- 1,033.5 0.104 

- 874.5 0.123 

- 500.0 0.206 

- 336.4 0.306 

- 266.8 0.385 

3/0 167.8 0.720 

210 133.1 0.890 

1 83.7 1.380 

4 41.7 2.570 

a Aluminum conductor steel reinforced. 

b American Wire Gauge (conductor size). 

C Thousand circular mills (cable size). 

Voltage Upgrade 

'The cost of upgrading 12.5-kilovolt primary distribu
tion feeders to 34.5-kilovolt service was also estimated in 
the CSEI study. This upgrade was assumed to require re
placement of substation transformers, distribution trans
formers and insulators. As with the other loss-reduction 
measures considered, it was assumed that the upgrade 
would be implemented only when rebuilding of the feeder 
would be required for other reasons. Therefore, only the 
incremental costs of the materials required for voltage 
upgrade were considered. Insulator replacement was esti
mated to cost $2,166 per mile (1990 dollars), excluding 
engineering and administrative costs and contingencies, 
based on interviews with utility staff. Distribution trans
former replacements were assumed to be high-efficiency 
conventional units available at the costs shown in Table 
8-56. Substation transformers were assumed to be re
placed with conventional units. 

However, distribution engineering staff of regional 
utilities have advised the Council staff that upgrading the 
voltage of primary distribution feeders would require more 
extensive equipment replacement than assumed in the 
CSEI study. In addition to replacement of transformers 
and insulators, it also would be necessary to replace trim
line brackets, lightning arrestors, fuses, cutouts, reclosers, 
capacitors, primary metering equipment and customer
owned equipment served at primary distribution voltages. 
Additional costs would be incurred for feeders having un
derground sections, for which conductors, vaults and ducts 
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$79,100 $70,700 

$72,200 $63,700 

$55,800 $47,300 

$48,600 $40,200 

$45,600 $37,100 

$41,200 $32,800 

$39,700 $31,300 

$37,600 $29,100 

$35,700 $27,300 

would have to be replaced. Moreover, the reliability of 
34.5 kilovolt underground cables has been questioned be
cause of insulation failures. Finally, the upgraded feeder 
typically would have to be installed as a new system paral
lel to the existing feeder prior to removal of the existing 
system in order to maintain continuity of service. The 
costs of the upgraded feeder would essentially be new sys
tem costs less any salvage value of the old components. 

Because of uncertainties associated with the voltage 
upgrade measure, this measure was not considered further 
in this assessment. 

Operation and Maintenance Costs 

Operation and maintenance costs should not be af
fected by these measures unless voltage levels are 
changed. Increased operating voltage, such as that result
ing from increasing primary distribution feeder voltage, 
would increase operation and maintenance costs. 

Levelized Energy Cost of Loss Reduction Measures 

'The levelized life-cycle cost of energy savings for each 
loss reduction measure was calculated for investor-owned 
utilities and for consumer-owned utilities. The assump
tions used for these calculations are shown in Table 8-59. 
Nominal costs were normalized to a 40-year service life, 
consistent with the convention used for other resources. 
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Table 8-59 
Assumptions for Calculating the Levelized Energy Cost of Transmission and Distribution 

System Loss Reduction Measures 

Financing 

• IOU Systems-Debt/Equity Ratio 50:50 

• IOU Systems-Return on Equity 12.9% (nominal) 

• IOU Systems-Interest on Debt 11.3% (nominal) 

• POU Systems-Debt/Equity Ratio 100:0 

• POU Systems-Interest on Debt 8.2% (nominal) 

• Bonneville Systems-Debt/Equity Ratio 100:0 

• Bonneville Systems-Interest on Debt 9.2% (nominal) 

• Discount Rate 8.15% (nominal) 

• Amortization Life 30 years 

Escalation and Inflation 

• Rate of Inflation 5% 

• Capital Cost Escalation 0.0% (real) 

• O&M Cost Escalation 0.0% (real) 

Cost Assumptions 

• Engineering 8% of direct capital costs 

• Administrative and General 9% of direct capital costs 

• Contingency 20% of direct and indirect capital costs 

• Engineering Lead Time 12 months 

• Construction Lead Time 12 months 

Operating Assumptions 

• In-Service Year January 1990 

• Service Life 30 yearsa 

a The nominal levelized energy costs appearing in the following tables are normalized to a 40-year service period, consistent with 
other resource costs. 

These assumptions yield the levelized energy costs 
shown in Table 8-60. Levelized energy costs are in nomi
nal dollars for a reference in-service year of 1990. 

Technical Potential: Transmission and Distribution 
Loss Reduction 

It may not be feasible to upgrade every component of 
the existing transmission and distribution system using the 
measures described above. For example, many primary 
distribution feeders are buried and would require excava
tion for replacement. But, all are assumed to be upgraded 
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during normal replacement. The likely penetration of 
these loss-reduction measures was not assessed in the 
CSEI study. That study simply assumed that the measures 
could be applied to all components at the estimated cost. 
The Council is using the following technical application 
fractions until better information becomes available: 
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Table 8-60 
Levelized Energy Cost of Transmission and Distribution System Loss Reduction Measures 

(Nominal Dollars, 1990 In-Service) 

Measure 

Upgrade Distribution Transformers 

• 0-7.5 kVN Units (5 kVA average) 

• 7.6 to 15.0 kVA Units (10 kVA average) 

• 15.1 to 25.0 kVA Units (15 kVA average) 

• 25.1 to 40.0 kVA Units (28 kVA average) 

• 40.1 to 50.0 kVA Units (48 kVA average) 

• 50.1 to 75.0 kVA Units (52 kVA average) 

• 75.1 to 100.0 kVA Units (75 kVA average) 

• 100.1 to 200.0 kVA Units (118 kVA average) 

• 200.l to 300.0 kVA Units (232 kVA average) 

• 300.1 to 500 kVA Units (305 kVA average) 

• 500+ kVA Units (1,032 kVA average) 

Reconductor Primary Distribution Feeders 

• 0 to 11.9 kV Feeders (4 AWGb to 1 AWG) 

• 12.0 to 17.0 kV Feeders (2/0 AWG to 266.8 Mcmil)c 

. 18.0 to 50.0 kV Feeders (1 AWG to 3/0 AWG) 

Reconductor Transmission Lines 

• 34.5 kV Circuits (2/0 AWG to 266.8 Mcmil) 

• 69 kV Circuits (2/0 AWG to 266.8 Mcmil) 

• 115 kV Circuits (336.4 Mcmil to 500.0 Mcmil) 

• 230 kV Circuits (874.5 Mcmil to 1,033.5 Mcmil) 

a Kilovolt-Amperes. 
b American Wire Gauge (conductor size). 

C Thousand circular mills (cable size). 

Distribution transformer upgrade 90 percent of units 

Reconductor primary distribution 75 percent of 
feeders circuit miles 

Reconductor transmission 75 percent of 
circuits circuit miles 

Bonneville transmission upgrades 100 percent of 
identified projects 
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IOU Systems COU Systems 
(cents/kWh) (cents/kWh) 

2.1 1.4 

2.2 1.5 

2.1 1.5 

1.2 0.8 

1.3 0.9 

1.6 1.1 

2.4 1.7 

4.6 3.3 

8.4 5.8 

11.8 8.1 

59 41 

5.6 3.9 

6.3 4.3 

9.8 6.7 

70.2 48.l 

18.2 12.5 

8.8 6.0 

8.9 6.1 

Applying these technical application fractions to the 
component inventory of Table 8-55 yields the estimates of 
transmission and distribution system loss reduction techni
cal potential of Table 8-61. The penetration constraints 
are not applied to the estimated loss reduction potential 
on Bonneville's system because the Bonneville estimates 
are based on specific projects identified by the Loss Sav
ings Task Force. 
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Table 8-61 
Technical Potentiala Transmission and Distribution System Loss Reduction in the Pacific Northwest 

(Average Megawatts) 

IOU Systems COU Systems Bonneville Systems 

Upgrade Distribution Transformers 

Reconductor Primary Distribution Feeders 

Reconductor Transmission Lines 

Bonneville Transmission Upgrades 

a At 15 cents per kilowatt-hour, or less. 

Achievable Potential: Transmission and Distribution 
Loss Reduction 

Several factors may discourage full implementation of 
the technically available transmission and distribution loss 
reduction potential. Among these are the following. 

Spurious Marginal Resource Price Signals 

As with other conservation resources, transmission 
and distribution system loss reduction up to the regionally 
cost-effective level can be viewed as having a price-in
duced component and a component that may not be 
achieved through price incentives. The price-induced 
component of transmission and distribution system loss 
reduction includes measures whose cost is less than the 
utility's marginal cost of new resources. To the extent that 
the utility sees a long-term marginal resource cost equiva
lent to that of the region, the regionally cost-effective 
transmission and distribution loss reduction potential on 
that utility's system should be fully captured. But, if a util
ity sees a long-term marginal resource cost less than that 
of the region, only a portion of the regionally cost-effec
tive loss reduction potential on that utility's :;,ystem will be 
acquired. The remainder of the regionally cost-effective 
potential must be secured by other incentives. 

Some utilities use Bonneville wholesale rates as their 
long-term marginal resource cost. Because Bonneville 
wholesale rates are based on average, not marginal re
source cost, only a portion of the transmission and distri
bution loss reduction potential on these systems can be 
expected to be acquired by these utilities acting in their 
self-interest. Utilities using forecast Bonneville wholesale 
rates as their long-term new resource cost will not have 
an incentive to capture all regionally cost-effective loss 
reduction measures. 

Engineering Capability 

Large utilities maintain transmission and distribution 
engineering staff capable of identifying opportunities for 
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45 26 0 

39 44 0 

23 4 0 

- - 43 

cost-effective loss reduction actions and preparing pro
grams for the recovery of these losses. Smaller utilities, 
however, may lack this in-house engineering expertise. 
These utilities often rely upon outside contractors for 
transmission and distribution engineering services. 

Limited Return on Investment 

Transmission and distribution system loss reduction 
generally comes in small increments. The opportunities 
for improvement generally arise on a line-by-line basis 
and the potential savings from upgrade of an individual 
feeder or transmission line generally are quite small. For 
this reason, loss reduction proposals may be a difficult sell 
in an organization where higher-profile projects compete 
for funding. 

Other factors may encourage implementation of 
transmission and distribution loss-reduction actions. These 
include: 

• Improved Service: Some distribution system loss reduc
tion measures, including reconductoring and feeder 
voltage upgrade, will reduce voltage drop along distri
bution feeders. This may alleviate substandard voltage 
conditions at the far ends of distribution feeder net
works. 

• Reduced Wholesale Power Cost: Transmission and distri
bution system loss reduction will reduce wholesale 
power purchase or generating requirements, but will 
not affect retail sales. Utilities should therefore have 
an incentive to invest in loss reduction measures that 
cost less than their marginal power production or pur
chase costs. 

• Utility Control Over the Affected System: Unlike end-use 
conservation measures, a utility owns and operates the 
equipment affected by transmission and distribution 
systems loss reduction measures. This should facilitate 
implementation of loss-reduction measures on these 
systems. 
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The factors described above must be considered when 
estimating the achievable potential for cost-effective ener
gy savings from transmission and distribution loss reduc
tion. In estimating achievable potential, we assume that 
incentives for recovery of the cost of measures that are 
regionally cost-effective can be provided to all utilities. 
Furthermore, we assume that programs can be established 
to allow small utilities to secure the engineering expertise 
needed for analyzing loss reduction opportunities. Assum
ing that such programs are established, the principal fac
tors constraining recovery of transmission and distribution 
losses appear to be the timing constraints imposed by the 
rebuild/replacement cycle of the existing system and possi
ble low funding priority for transmission and distribution 
loss recovery activities. 

These remaining constraints should have a minor im
pact on ultimate penetration of loss-reduction measures. 
Because of the factors that encourage transmission and 
distribution loss reduction, ultimate penetration can be 
expected to exceed that of end-use conservation programs 
(currently assumed to be 85 percent for most end-use con
servation programs). The Council therefore decided to use 
a 90 percent ultimate penetration rate for transmission 
and distribution loss reduction. This suggests that, at a 
minimum, regionwide energy savings of at least 200 mega
watts from transmission and distribution loss reduction arc 
achievable at costs less than 15 cents per kilowatt-hour. 
Of this total, 96 megawatts are available on investor
owned utility systems, 67 megawatts on consumer-owned 
utility systems, and 39 megawatts on Bonneville's system. 

Further analysis may identify additional savings poten
tial. For example, it is likely that some distribution voltage 
increases are cost-effective, particularly on older, low-vol
tage primary distribution feeders. In addition, savings from 
amorphous metal core distribution transformers and high
efficiency silicon steel core substation transformers also 
may be cost-effective. Therefore, it seems likely that the 
Council's savings estimate is conservative. 

Because loss reduction measures generally are cost
effective only when implemented in conjunction with 
equipment replacement or rebuilding occurring for other 
purposes, the energy savings potential will be secured only 
slowly. If we assume that the typical component lifetime is 
30 years, then the maximum penetration rate for these 
savings will be about 3 percent per year. Additional infor
mation on the age distribution of existing equipment may 
permit refinement of this penetration rate estimate. 

Conclusions: Transmission and 
Distribution Loss Reduction 

Improvements to the efficiency of the region's trans
mission and distribution systems offer opportunities for 
securing at least 200 megawatts of energy savings at costs 
of 15 cents per kilowatt-hour, or less. About 39 megawatts 
of these savings are available on the Bonneville transmis
sion system, 96 megawatts on the transmission and distri-
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bution systems of investor-owned utilities, and 67 
megawatts on the transmission and distribution systems of 
consumer-owned utilities. These estimates represent 
about 12 to 15 percent of regionwide transmission and dis
tribution system losses. Additional savings may be possible 
from measures that have not yet been analyzed. These 
savings can be achieved at costs ranging from less than 1 
cent per kilowatt-hour to 15 cents per kilowatt-hour. 
Tnesc savings could begin to be secured as early as 1994, 
but 20 to 30 years might be required to secure the full po
tential. 

The technologies for securing these savings are well
establishcd. Many of these savings likely will be price-in
duced, and there are several factors that should work to 
encourage acquisition of these savings. There are, howev
er, other factors that unless corrected will inhibit recovery 
of a portion of these potential savings. One is the cost of 
new resources as seen by utilities purchasing power from 
Bonneville at average cost prices. Another is the lack of 
staff with the necessary transmission and distribution ex
pertise, particularly for smaller utilities. Actions can be 
taken, however, to remedy these constraints. 

In view of the attractive cost and environmental quali
ties of transmission loss reduction measures, the Council 
recommends that Bonneville and the utilities begin imme
diately to acquire these resources, wherever cost-effec
tive. 

Conservation Voltage Regulation 

Conservation voltage regulation is a set of measures 
and operating procedures designed to provide electricity 
service at the lowest practicable voltage level while meet
ing the standards for voltage adopted by the American 
National Standards Institute (ANSI). The standard for 
typical residential buildings is set at 114 to 126 volts at the 
customer's service meter. The theory behind conservation 
voltage regulation is that many appliances and other end 
uses of electricity operate more efficiently at reduced volt
age levels, resulting in electricity savings and capacity sav
ings to the utility, and cooler and longer-lived appliances. 
In addition, transformers on utility distribution lines run 
more efficiently, last longer, and have lower no-load 
losses. 

The conservation voltage regulation resource is not 
easy to estimate on a regional basis, because the availabil
ity of electricity savings is specific to each distribution 
feeder. However, from reviewing regional estimates, the 
experience of California utilities, and the experience of 
the Snohomish County Public Utility District, the Council 
concluded that all utilities should consider the effective
ness of conservation voltage regulation on their distribu
tion systems. The Council considered 100 megawatts of 
ener!:,'Y savings to be achievable through implementation 
of improved voltage regulation. 

A review of the available information shows clearly 
that electricity sales and demand are reduced when con-
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servation voltage regulation is implemented. What is not 
yet totally clear is how the savings are allocated to the 
various end uses that are affected. 

Methods to Achieve Conservation 
Voltage Regulation 

Theoretically, distribution circuits could be configured 
to maintain exactly 114 volts at every consumer meter. 
However, conservation voltage regulation implemented to 
this degree would probably not be cost-effective, because 
the capital costs of voltage regulating devices required to 
achieve an equal voltage at each meter would be much 
higher than current voltage control practice. Typically, 
utilities implementing conservation voltage regulation 
have opted for low-cost strategies with controlled voltage 
drop along distribution feeders. Capital equipment cost is 
minimized, and savings are obtained at very low costs. 
However, it is likely that additional cost-effective savings 
could be attained with additional measures. 

Typically, conservation voltage regulation measures 
are designed to lower the average delivered voltage from 
about 120 volts to about 117.5 volts. The voltage drop 
along a distribution feeder is determined by the imped
ance49 of the line, the loading of the line, and the distance 
from the substation. A simplified depiction of voltage drop 
is shown in Figure 8-45 for a line on which conservation 
voltage regulation strategies have not been implemented. 
In this example, the voltage level at the substation is 126 
volts and about 123 volts at the end of the feeder when 
the feeder is lightly loaded. The voltage at the end of the 

Voltage 
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feeder drops to about 114 volts when the feeder is heavily 
loaded during periods of peak demand. As can be seen in 
Figure 8-45, the benefits of low voltage are achieved only 
serendipitously by customers at the end of the feeder dur
ing heavily loaded times. The objective of conservation 
voltage regulation is to find ways to regulate the voltage 
so that lower voltages are delivered during all loading con
ditions. Figure 8-45 shows that the voltage during light
loaded conditions drops only about 3 volts, from 126 to 
123. If the voltage at the substation could be reduced to 
117 volts at lightly loaded periods and the same 3-volt 
drop occurred, all users would be provided with lower 
voltage levels under light-load conditions. 

"Line drop compensation," which adjusts substation 
voltage to maintain 114 volts at the end of the feeder un
der all load conditions, is the technique used by most utili
ties to implement conservation voltage regulation. This 
situation is depicted in Figure 8-46. It shows initial volt
ages at the substation that vary with the loading on the 
feeder. At high-load times, the voltage at the substation is 
higher to allow for the greater voltage drop accompanying 
higher loads. Continuing with the example of Figure 8-45, 
the line drop compensator reduces substation voltage au
tomatically to 117 volts at light-load times and voltage is 
maintained at 114 volts at the end of the feeder, as under 
high-load conditions. 

49. Impedance is a function of resistance and reactance. Imped
ance (Z) is equal to the square root of the quantity resistance 
(R) squared minus reactance (X). 
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Figure 8-45 
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This description is, of course, simplified. The conser
vation voltage regulation strategy depicted here works 
with ideal feeders that arc short and serve loads with suit
able attributes. Longer feeders will probably need other 
voltage regulating equipment and circuits feeding unstable 
loads undoubtedly will have to have more sophisticated 
equipment installed. 

Effectiveness of Improved Voltage 
Regulation 

Typically, utilities deliver about 120 volts on average at 
the customer's meter. Conservation voltage regulation 
strategics aim at controlling the voltage to the lower end 
of the acceptable range of 114 to 126 volts, yielding an 
average of about 117.5 volts. Typical findings are that a 1 
percent reduction in voltage returns about a 1 percent 
reduction in energy use. However, in the Northwest, 
where there is a higher concentration of electric resistance 
heating, savings probably will be less than is typical for the 
rest of the country. Thus, conservation voltage regulation 
that lowers the average from 120 volts to 117.5 volts would 
be expected to save 2.5 percent, or less, of the energy de
livered on each circuit where conservation voltage regula
tion is employed. In the Northwest, the savings at this 
level of reduction may be as low as 1.25 percent, or one
half what has been experienced elsewhere. This estimate 
can be confirmed only by demonstrating conservation volt
age reduction in the Northwest. The change in peak loads 
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Average Feeder Voltage 

Increasing Distance -

on the lines is less well known, but should be at least pro
portional to the energy savings. 

The applicability of conservation voltage regulation to 
a particular utility or distribution circuit cannot be deter
mined without detailed knowledge of the load on the 
feeder. For example, Snohomish County Public Utility 
District determined that one year of detailed data is need
ed on each feeder before deciding whether and how to 
control the voltage on a specific feeder. so 

Reported conservation voltage regulation savings de
rive from four different sources: 1) end uses and system 
components that save both energy and capacity with no 
degradation of consumer's service, 2) end uses that save 
energy and capacity with some, albeit apparently small, 
degradation in service, 3) end uses that exhibit no energy 
or capacity savings, and 4) general effects of conservation 
voltage regulation on industrial and agricultural loads. As 
noted above, the rule of thumb is that for every 1 percent 
decrease in the average delivered voltage, a 1 percent de
crease in energy is obtained, although in the Northwest 
the savings may be as low as .5 percent.51 As will be 
shown below, savings can differ significantly depending on 

50. Based on telephone communication with Bob Fletcher of 
Snohomish County Public Utility District. 

51. Based on telephone communication with Bob Fletcher of 
Snohomish County Public Utility District. 
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the utility, the characteristics of the distribution feeder, 
and the loads the feeder serves. The allocation of total 
savings to the various components within the building and 
on the utility's distribution feeder is not known with any 
degree of precision. 

Effects of Conservation Voltage Regulation on 
Small Motor and Electronic Loads 

Single-phase motors, such as those used in household 
appliances, run cooler and, as a result, more efficiently at 
voltages nearer the bottom of the ANSI standard range. 
As a result of running cooler, reliability is improved and 
lifetimes are extended. Efficiency gains are achieved with
out compromising the performance of the appliances. 

However, if the voltage falls below the ANSI range, 
performance of these appliances can fall off. Shrinking 
television pictures are an example of what might happen if 
voltages fall below the standard range. However, in gener
al, where conservation voltage regulation has been im
plemented, there have been relatively few complaints 
about the effects of low voltage from customers. In fact, it 
appears that there still are more complaints due to high 
voltage than to low voltage. 

Distribution transformers experience lower losses at 
lower voltages. The amount of the total energy savings 
attributed to the lower loading on the distribution trans
formers has not been determined adequately. However, as 
mentioned earlier, the no-load (fixed) loss reduction on 
the distribution transformers is well known. 

Effects of Conservation Voltage Regulation on 
Lighting Loads 

Conservation voltage regulation will reduce the ener
gy and capacity requirements for lighting, but at the ex
pense of reduced lighting levels. Because the reduction in 
lighting levels is minor, some have considered these sav
ings as conservation. But "savings" of these kinds are not 
considered as conservation, as it is defined by the Act and 
applied by the Council. Nonetheless, there may be times 
when reduced lighting for a short period of time, to enable 
utilities to handle peak load, would be acceptable. Again, 
because the savings from conservation voltage regulation 
have not been broken out individually, it is difficult to 
know how much of the savings is reduced amenity in light
ing. There has been no mention of complaints from re
duced lighting levels due to conservation voltage 
regulation. This may be an indication that most areas are 
overlit to begin with, or it could mean that some individu
als react to conservation voltage reduction by installing 
higher wattage lights, not perceiving why the lighting has 
dimmed. 
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Effects of Conservation Voltage Regulation on 
Resistance Heating Loads 

When voltages are reduced, resistance heating ele
ments used in electric furnaces and hot water heaters op
erate at lower temperatures. This means that the 
elements must remain on longer to produce the same 
amount of heat or hot water. The total amount of energy 
used remains the same. Energy for heating is determined 
by the difference in indoor and outdoor temperatures, 
thermostat settings in the house, and the thermal integrity 
of the house, among other things. Energy for heating hot 
water is determined by the difference in temperature be
tween the incoming water and the thermostat setting, and 
the thermal integrity of the tank and piping system, among 
other things. Because conservation voltage regulation 
changes none of these parameters, the total amount of 
energy used is not changed. 

Some analysts have reported capacity (peak) savings, 
because each individual element is now drawing fewer 
kilowatts of electricity per unit of time. This conclusion 
ignores the fact that, under ordinary operating conditions, 
each element's contribution to peak is less than the rated 
capacity of the element. Because heating elements are not 
on continuously, but instead cycle on and off, the contri
bution of each to peak is based on the probability of the 
element being on times its rated capacity. When the ca
pacity demand of the element is reduced by conservation 
voltage regulation, the length of time the element is on is 
increased by the same percentage, and the net effect of 
each element on capacity is unchanged. Thus, there 
should be no net effect of conservation voltage regulation 
on energy or capacity for resistance heating loads. There is 
one possible exception to this general rule. Because most 
customers take showers, baths, and raise thermostats with
in a couple of hours in the morning, conservation voltage 
regulation might lower and broaden the morning peak. 
Further analysis is needed to confirm this hypothesis. In 
any case, conservation voltage regulation would result in 
no energy savings from resistance loads. There is a minor 
benefit to consumers, however, in that the life of resis
tance heating elements is apparently lengthened. 

Effects of Conservation Voltage Regulation on 
Agricultural and Industrial Loads 

Most studies of conservation voltage regulation con
firm that there is little savings from industrial or agricul
tural loads. The studies are somewhat unclear as to why 
this is, but apparently three-phase motors, often used in 
industrial and agricultural processes, do not respond to 
conservation voltage regulation as well as the single-phase 
motors used in residential and commercial end-uses. 
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Large industrial motors often are custom-designed for 
the specific load52 to run optimally within a fairly small 
voltage range. Reducing voltage on these motors will af
fect the torque (i.e., the turning force) of the motor. The 
resulting torque depends on the voltage level in the fol
lowing way: if the voltage is reduced to 90 percent of the 
designed voltage, for example, the resulting torque would 
be reduced to the square of 90 percent times the initial 
torque. This would reduce torque to 81 percent of its de
sign value and could affect the ability of the motor to do 
the work it was designed to do.53 Therefore, conservation 
voltage regulation on circuits feeding industrial loads 
might not be wise. However, the feasibility of conservation 
voltage regulation is specific to the distribution feeder in 
question. Savings have been achieved on agricultural and 
industrial feeders, but they have been smaller than those 
achieved on lines feeding residential and commercial 
loads. 

In addition, with industrial loads, it appears to be 
more difficult to control voltages within the more narrow 
band required to achieve conservation voltage regulation, 
because the stability of power use in industrial plants is 
not as good as in residential and commercial applications. 
The power profiles show spikes, notches, harmonics, and 
so forth that are hard to dampen, and if the voltages were 
to drop below the lower level of the ANSI range, it could 
affect sensitive equipment such as small computers in in
dustrial plants. The variations in the power profile in in
dustrial plants apparently are caused by the type of loads 
in the facility, not necessarily by the utility's distribution 
system. 

Experience of California Utilities in 
Applying Conservation Voltage 
Regulation 

The California Public Utility Commission has re
quired utilities in that state to employ conservation volt
age regulation measures on all of their applicable 
distribution lines. The PUC order came out in 1977. As of 
the end of 1985, there were 7,169 distribution circuits in 
California. Of these, 5,717 were considered candidates for 
conservation voltage regulation strategies and 4,298 of 
these already had been made "conservation voltage regu
lation compliant." That left 1,419 distribution circuits to 
be brought into compliance with the PUC order. Of these, 
222 were considered to be cost-effective conservation volt
age regulation candidates using the cost of power esti
mates in 1985, the criterion used in California. The 
remaining lines either had not been analyzed or could not 
be cost-effectively converted to conservation voltage regu
lation compliance. 

The determination of whether a circuit is in com
pliance with the PUC order is not accomplished by formu
la and does not require that voltage regulation be applied 
religiously. That is, if most of the benefits of conservation 
voltage regulation are being achieved and the remainder 
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would require significant capital investments, it appears 
that the PUC does not require additional action. 

California utilities experienced energy savings from 
conservation voltage regulation between 1977 and 1985 at 
costs ranging from 0.10 to 3.78 cents per kilowatt-hour. 
The costs experienced by California utilities are reported 
in Table 8--62 by each of the participating utilities. The 
reported costs are determined by dividing cumulative 
nominal expenditures by cumulative savings (no discount
ing is used). Of course, as savings continue to accrue from 
capital investment made earlier, the cumulative costs per 
kilowatt-hour will continue to go down. These costs can
not be compared to the Council's costs without being mo
dified to account for the value of future versus current 
energy savings. Making these modifications yields an aver
age levelized costs of savings in nominal dollars from ac
tion taken in California between 1982 and 1985 of about 
1.5 cents per kilowatt-hour, assuming the converted lines 
last 20 years and utilities' cost of money is 11 percent. 

The California Energy Commission speculates that 
some of the costs included in the cost of energy savings 
really were spent on transmission and distribution efficien
cy improvements and should not have been counted 
against conservation voltage regulation costs. Assuming 
the savings from transmission and distribution efficiency 
improvements were not counted also, the costs of conser
vation voltage regulation savings would be lower than 1.5 
cents per kilowatt-hour. 

Costs to bring the circuit into compliance, based on 
costs in 1985, have averaged about $53,000 per feeder, 
with a range between $8,000 and $130,000. The $130,000 is 
the cost incurred on one long distribution feeder on 
PG&E's system and may have included costs to reconduc
tor the distribution feeder. Without the PG&E data point, 
the average is well below $50,000 per feeder. 

As was indicated earlier, the costs in Table 8-62 are 
the total dollar cost divided by the cumulative savings of 
energy. As such, average costs will continue to go down, 
because the money has been spent and the savings will 
continue to accumulate each year. The higher costs indi
cated for Sierra Pacific and CP National probably are re
lated to longer distribution feeder lines on the more rural 
systems of these utilities. 

52. The infonnation contained in this paragraph came from 
personal communication with a large AC motors expert from 
Toshiba International. 

53. Having said this, it is important to recognize that utilities 
supply voltage to industrial customers within plus or minus 5 
percent of the expected level. Thus, industry is familiar with 
running motors over a range of voltage supply. Alternatively, 
industrial facilities may maintain their own voltage regulating 
equipment within their plants. 
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Table 8-62 
Costs of Enerf!Jl Savings from Conservation Voltage Regulation in California Years 1977-1985 

Utility 

Pacific Gas and Electric 

Southern California Electric 

San Diego Gas and Electric 

Pacific Power and Light Company 

Sierra Pacific Power Company 

CP National 

SOURCE: California Energy Commission 

In 1985, the last year for which staff has data, Califor
nia utilities are estimated to have saved 2.83 billion 
kilowatt-hours, or about 2 percent of their total load 
through conservation voltage regulation. This is equivalent 
to about 320 average megawatts. 

Regional Experience of Pacific Northwest 
Utilities in Applying Conservation 
Voltage Regulation 

Snohomish County Public Utility District is conduct
ing a pilot program in conservation voltage regulation, 
initially on 12 circuits. The goals of the pilot are to 1) esti
mate the potential of conservation voltage regulation on 
Snohomish's system, 2) evaluate customer impact and ac
ceptance of conservation voltage regulation, and 3) evalu
ate state-of-the-art conservation voltage regulation 
practices. If the pilot continues to show benefits, the util
ity plans to implement conservation voltage regulation on 
all, of its applicable 12 kilovolt primary feeders. Future 
plans would possibly include upgrading primary feeders to 
21.6 kilovolts or 34 kilovolts and implementing conserva
tion voltage regulation on the upgraded lines. 

Snohomish PUD's conservation voltage regulation 
target is to reach an average customer service voltage of 
about 117.5 volts compared to today's level of 123 volts. 

The utility estimates that energy is being saved at a 
cost of about 5 to 7 mills per kilowatt-hour in nominal 
dollars. Most, if not all of the conservation voltage regula
tion conversions have been low cost and have achieved 
energy savings at very low lcvelized costs. 

Snohomish PUD's schedule gives a sense of the prep
aration needed to do an effective job of implementing 
conservation voltage regulation. Before any conversions, 
one full year of data on each distribution feeder is re
quired. The data is analyzed to determine whether any 
changes have to be made to the feeders in order that con-
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Cost 
(cents/kWh) 

.44 

.10 

.69 

1.12 

2.77 

3.78 

servation voltage regulation can be most effective and to 
design the conservation voltage regulation strategy. Be
fore conservation voltage regulation is implemented, some 
loads on certain feeders may have to be shifted to other 
feeders. Thus, the process takes about two years from the 
start of metering to the implementation of the appropriate 
conservation voltage regulation strategy. New computer 
software could speed up the analysis of the data and the 
design of the conservation voltage reduction strategies. 

Snohomish County Public Utility District currently is 
metering 24 additional feeders that were to be converted 
to conservation voltage regulation in June of 1990. Forty
eight additional feeders will be metered beginning in the 
winter of 1991. 

This lengthy preparatory period first was believed to 
be necessary for only the pilot phase of the project. How
ever, experience has shown that conservation voltage reg
ulation strategies specific to each line must be developed. 
Even with this extensive preparation, Snohomish PUD 
reports savings at about 5 to 7 mills per kilowatt-hour. 

Conclusions: 
Conservation Voltage Regulation 

The Council has included 100 megawatts of conserva
tion voltage regulation in the resource portfolio at a cost 
of less than 2 cents per kilowatt-hour. The Council views 
this as a conservation resource. This may be a low esti
mate of achievable megawatts based on the California ex
perience and estimates made by Battelle Northwest under 
contract to Bonneville. It would be difficult to identify at 
this time where the savings will be achieved. However, 
given the low cost of the resource, ex-periences elsewhere, 
and the probability that savings in California and Snohom
ish County can be duplicated on other utility systems, 
Council action to include this resource in its portfolio is 
prudent. 
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Relative to conservation voltage regulation, the Coun
cil has recommended the following activities: 

1. All utilities should review the applicability of conser
vation voltage regulation on their distribution systems 
and implement it to the extent of their current exper
tise, if it appears to deliver cost-effective savings of 
electricity. 

2. Because existing utility distribution systems are de
signed to 40-year old standards, the Council recom -
mends that Bonneville coordinate a comprehensive 
study with utilities to consider whether there arc ap
propriate design modifications for distribution systems 
that will deliver cost-effective energy savings. This 
activity seems prudent, in part because systems were 
designed when electricity costs were much lower. The 
study should consider the interactions among conser
vation voltage regulation, efficiency improvements to 
the distribution system, efficiency improvements at 
end uses of electricity, and new electronic metering 
technologies. Electronic metering would provide utili
ties with considerably more information about loads 
than ever before and enable them to refine tech
niques and strategies to regulate voltage. The objec
tive of this comprehensive study would be to 
determine net efficiency improvements that can be 
achieved without compromising operational t1exibility 
or system reliability. Bonneville has contracted to re
view the Snohomish results for applicability to other 
utilities in its service territory. The contract deliver
ables could provide a starting point for the recom
mended study. 
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Wind Powers4 

The Pacific Northwest is endowed with favorable wind 
resources, yet development of wind power in the North
west has been limited because of the past surplus of gen
erating capability and the availability of lower-cost 
resource alternatives. Beginning in the 1970s, many wind 
resource assessment programs and research projects were 
initiated in this region. Development of several commer
cial wind farms was attempted. But interest waned as the 
region's electrical surplus increased and federal support 
for renewable energy research declined. Wind technology 
of the early 1980s often could not cope with harsh envi
ronmental conditions at the region's better wind sites, 
leading to rapid deterioration and premature failure of 
many turbines, and the perception that wind was not a 
reliable electrical generating resource. 

Based on the successful operation of several thousand 
wind machines in California, and the introduction of a 
new generation of heavy-duty machines, the Council's 
1986 Power Plan found that commercially available and 
reliable wind power technology was available for use in 
the Pacific Northwest. Furthermore, the data collected by 
the Pacific Northwest Wind Energy Assessment Program 
suggested that the region has numerous promising wind 
resource areas, potentially capable of producing, in aggre
gate, 2,800 to 6,300 average megawatts of energy. But the 
estimated cost of energy from even the best areas was 
found to be more expensive than the cost of energy from 
the long-term marginal resource used in the 1986 Power 
Plan (new coal-fired power plants). 

The Council, with the assistance of the Oregon De
partment of Energy, has re-examined the possible role of 
wind for supplying part of the future energy needs of the 
Pacific Northwest. Several factors led to this re-examina
tion. First, the capital-related costs of wind farm develop
ment have declined since the 1986 Power Plan. This has 
lowered the estimated costs of wind-generated electricity. 
Secondly, the reliability of wind turbine generators has 
been better established since the 1986 Power Plan. 
Though large numbers of machines were in operation 
when the 1986 Power Plan was prepared, most of these 
machines were first-generation commercial machines of 
questionable reliability. Second-generation machines had 
only recently become available. Several years of operating 
experience have now been documented on several thou
sand second-generation machines and the reliability as
sumptions of the 1986 plan have been exceeded in 
practice. A third generation of machines promising im
proved reliability, cost-effectiveness and efficiency is un
der development. Finally, the need for new resources, and 
the cost and availability of competing resources has 
changed. Fuel cost and availability, siting constraints, re
source diversity policies, and environmental considerations 
limit the amount of fossil-fuel resources included in the 
Council's resource portfolio. These factors, combined with 
likely increases in future loads, have raised the cost of the 
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marginal resources in the higher load growth cases. Wind 
power is now cost-effective in higher load growth cases. 

Wind Power Technology 

The technological evolution of wind turbine genera
tors has been spurred by the rapid development of Cali
fornia wind resources during the last decade. California 
development started with only 7 megawatts of capacity 
installed in 1981. Today there are about 17,000 turbines 
totaling 1,500 megawatts of capacity in California, repre
senting 90 to 95 percent of the world's installed wind ca
pacity. 

First-generation wind turbine generators of the early 
1980s, largely of U.S. design, tended to be small-scale, 
lightweight designs based upon aerospace technology. A 
typical turbine was rated at 50 kilowatts and cost $2,200 
per kilowatt installed. The aerodynamic stresses imposed 
upon these machines tended to be higher than expected, 
frequently resulting in poor reliability. 

Second-generation machines, installed from the 
mid-1980s through the present, are largely of European 
design. These are medium-scale (100 to 250 kilowatts), 
heavyweight machines, whose conservative engineering 
largely overcame lack of understanding regarding structur
al and aerodynamic stresses. These designs have greatly 
improved reliability. The turnkey cost ( of complete wind 
farms) in California is now about $1,000 per kilowatt. With 
periodic blade replacement and upgrades, these machines 
probably could operate for 15 to 20 years, but further im
provements in technology may lead to earlier economic 
replacement. 

A third generation of machines, currently being 
tested, uses improved understanding of aerodynamics to 
create more refined designs. Variable-speed operation is 
expected to improve energy capture and reduce fatigue 
loading. Larger machine sizes (150 to 600 kilowatts) should 
lower costs of production, installation and operation. 
These machines are expected to be less costly and more 
reliable than second-generation designs. Turnkey costs 
may decline to as low as $650 per kilowatt. 

A major technical uncertainty in the Northwest is the 
ability of wind turbines to operate reliably under cold-cli
mate conditions. The extensive wind resource areas of 
Montana, those with the greatest potential, are character
ized by much colder winter conditions than the California 
wind resource areas. Winter is the season of peak winds at 

54. Much of the background information and analysis in this 
section was taken from an issue paper prepared for the Council 
by Don Bain of the Oregon Department of Energy. This paper 
appeared as Council Staff Issue Paper number 89-40 Wind Re
sources, October 16, 1989. The Northwest Power Planning 
Council appreciates the assistance it has received from the Ore
gon Department of Energy in support of the assessment of 
wind resources for this plan. 
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these Montana areas, and the season of the peak loads on 
the Northwest system, and so reliable turbine operation 
under cold conditions is important to the cost-effective
ness of wind power in Montana and at high-elevation sites 
elsewhere in the region. Testing, and possibly refinement, 
of turbine designs for cold weather operation will be a 
prerequisite of commercial-scale development of Mon
tana wind resources. 

Wind Power Development Issues 

Constraints associated with the development of wind 
power tend to be more technical than environmental in 
nature. With proper siting and design, the environmental 
effects of wind power development can be modest. But 
wind power is burdened by a history of questionable reli
ability. Moreover, wind power plants produce energy on 
an intermittent and as-available basis, impacting the value 
of wind power for some applications. Many of the best 
wind sites are remote from load centers, especially in the 
Pacific Northwest. Important issues, generally affecting 
the feasibility and cost-effectiveness of wind power devel
opment include system interconnection requirements, 
wind plant cost and performance, value of power, wind 
resource quality and environmental effects. 

System Interconnection 

Most wind resource areas are remote from load cen
ters. The development of such areas will require new 
transmission lines from the wind power stations to the 
existing electrical grid, and in some cases, reinforcement 
of the grid to load centers. These transmission intercon
nections must be sized to the installed capacity of the wind 
plant. Because the capacity factor of a wind power station 
located in even a good wind area is relatively low (25 to 35 
percent) compared to a conventional thermal plant (60 to 
80 percent), the cost of the transmission interconnection 
may be high on an energy-produced basis. 

Siting any transmission line is difficult and controver
sial. Because the largest wind resource areas of the North
west lie east of the Continental Divide, the development 
of new transmission capacity to interconnect these areas 
with the West Coast load centers will present the formida
ble difficulties of siting and construction through moun
tainous terrain near national parks, wilderness areas and 
other areas of high environmental quality. 

Remote, large-scale wind power stations may adverse
ly affect the power quality of nearby, interconnected pow
er systems, unless properly designed. The fluctuating 
power output of a wind station may lead to voltage and 
frequency fluctuations on the local power system, particu
larly if the interconnection to the main grid is weak. Addi
tionally, the induction generators used in many wind 
turbines produce a large reactive power load55 that may 
have to be controlled by installation of shunt capacitors or 
other reactive compensation at or near the wind power 
station switchyard. The variable speed synchronous gener-
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ation wind turbines now under development may alleviate 
the problem of reactive load. 

Additional discussion of system interconnection issues 
is provided in a recent Bonneville Power Administration 
study of wind power system interconnection issues (Bon
neville, 1989). 

Wind Plant Cost and Performance 

The historical performance of wind power plants in 
the Northwest has not been good. Low capacity factors 
and premature machine failures were the norm, not the 
exception. The most prominent Northwest wind project
the Goodnoe Hills MOD-2 turbine project-was dis
mantled following termination of federal funding. Few 
understood that this was largely intended as an exper
imental pilot project and not a commercial demonstration. 

Despite the greatly improved performance of contem
porary turbine designs demonstrated by more recent com
mercial wind power developments in California, the image 
of wind power technology remains poor in the Northwest. 
Demonstrations within the region of contemporary wind 
machines using contemporary site design may be required 
to confirm the cost and performance of this technology. 
Perhaps a more important issue, going beyond image, is 
the ability of contemporary wind power technology to per
form reliably and cost-effectively in the harsh environ
ment of the Rocky Mountain Front and high-elevation 
wind resource areas of the Northwest. Testing and adapta
tion of contemporary turbine designs to this environment 
is needed before large-scale development of the wind re
sources of these areas can commence. 

Seasonality and Intermittence of Wind 
Power 

Wind energy production varies hourly, seasonally and, 
to a lesser extent, annually. The storm-driven winds of the 
Pacific Northwest are not readily predictable on a short 
(hourly or daily) time scale. 

Wind energy must be used, stored, curtailed or 
dumped. It cannot be called upon if the wind is not blow
ing. The intermittent character of wind potentially lowers 
the value of the power produced by a wind power station 
in comparison with the dispatchable output of most con
ventional generating plants. Wind power plants may not 
garner the capacity credit of dispatchable plants, and the 
value of electricity from wind energy may be less if its pro
duction is not coincident with load requirements. 

55. Reactive power is the power that is used to magnetize the 
electrical windings of rotating electrical machinery and adjacent 
conductors of alternating current power lines. This power does 
not produce useful work, but nevertheless has to be transferred 
between reactive sources and reactive loads. 
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These problems tend to be less significant when wind 
represents a small portion of the total generating capacity 
of the &ystem, but may surface as the contribution of 
wind-powered energy increases. However, the increasing 
diversity of larger and more widespread wind power devel
opments may compensate for the intermittent nature of 
specific wind resource sites. Load/resource coincidence 
also can be improved by selecting wind sites for develop
ment that have winds more coincident with system loads. 
For example, Rocky Mountain Front winds are winter
peaking, seasonally coincident with regional loads (see 
Bonneville, 1989). 

Further discussion of these issues is provided in the 
Bonneville study listed under ''references" at the end of 
this chapter. 

Resource Quality 

The potential energy available from the wind is a 
function of the cube of the wind speed. Project economics, 
therefore, are very sensitive to small errors in the asses
sment of the wind resource. Good wind resource data, 
therefore, is extremely important in preparing accurate 
assessments of the availability and cost-effectiveness of 
wind power and in the design of wind projects. Important 
wind resource characteristics include average wind speed, 
seasonal and interannual variation, shear and turbulence. 
The spatial extent of good quality winds is important in 
estimating the potential of this resource. This resource 
information should be available prior to proceeding with 
wind power development. 

Environmental Effects 

The environmental impacts of wind energy usually are 
few. But, negative impacts have occurred in California and 
could occur in the Pacific Northwest if projects are not 
properly designed and sited. The principal environmental 
concerns regarding wind resource development are noise, 
visual impacts, construction impacts and bird collisions. 

Noise 

The interaction of wind turbine blades with air flow 
may produce noise. Also, for towers designed with down
wind blades, the wake caused by the tower can interact 
with the blades, causing a periodic thump. If the blades 
are upwind of the tower, the thump is minimal or inaudi
ble. Noise levels are strongly influenced by turbulence, 
atmospheric boundary layers, wind direction, terrain, blade 
shape, and turbine design. Therefore, tests of a turbine's 
noise level at one site under certain conditions is of little 
predictive value at other sites with different wind condi
tions. Research is being conducted to design turbine 
blades that are quieter than current blades. 

Noise has been a problem when turbines are sited 
close to residences. Typical solutions have been to require 
turbines to be set back from residences and other sensitive 
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land uses and to conduct periodic noise surveys. The po
tential for noise problems is low at most promising Pacific 
Northwest sites due to their remoteness. 

Visual Impacts 

Visual impacts arc possible where turbines are sited 
near scenic areas. While some scenic areas, such as the 
Columbia River Gorge, are officially recognized as scenic, 
beauty is still in the eye of the beholder. Therefore, a vi
sual problem could occur anywhere. Unfortunately, good 
winds tend to occur in exposed and visually obtrusive loca
tions, such as along ridgelines. Moreover, average wind 
speed tends to increase with height-hence the use of tall, 
visually obtrusive towers for wind turbines. 

The Pacific Northwest coastal and Columbia River 
Gorge wind resource areas have high potential for visual 
conflicts. The potential for aesthetic conflicts at the better 
Pacific Northwest wind resource areas is shown in Table 
8-63. 

Visual conflicts can be controlled by turbine layouts, 
tower heights, and transmission line routings that mini
mize visual intrusion from heavily traveled corridors and 
popular locations. Wind power development may have to 
be prohibited in sensitive areas. Unobtrusive turbine col
ors commonly are required in California. 

Site Development Impacts 

A wind farm requires construction of roads, turbine 
pads, electrical lines and maintenance facilities. The 
amount of land disturbed as a percentage of the total area 
is small, about 2 to 5 percent, and many prior land uses, 
for example, grazing, can continue during wind fann oper
ation. Nevertheless, construction must be sensitive to 
wildlife, erosion control and water quality impacts. Be
cause the site is windy, retention of topsoil may require 
special measures. 

Bird Collisions 

Collisions between birds and wind turbine towers and 
blades is possible. Monitoring at several operating wind 
farms has shown that mortality is low. But, special atten
tion is needed when siting projects near places with en
dangered species, along migratory paths, and in areas of 
dense bird populations. 
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Table 8-63 
Wind Resource Area Development Issues 

Access Icing & County More Wind Visual Environmental Gorge 
State/Area Problems Trees Snow Regulation" Data Needed Impacts Impacts Constraintsb 

Idaho 

• Albion Butte ye Nd y N y y N 

• Bennett Peak y N y N y potentiale y N 

• Duncan Mtn. y N y N y unknown N 

• Strevell N N y N y potential unknown N 

Montana 

• Blackfoot Area N N N N y unknown N 

• Great Falls N N N N y unknown N 

• Livingston N N N N y unknown N 

• Sieban 1 y N y N y unknown N 

• Sieban 2 N N N N y unknown N 

Nevada 

• Pequop Summit y N y N y unknown N 

• Wells W. N N N N N unknown N 

Oregon 

• Adel N N N N y unknown N 

• Burns Butte N N N N unknown N 

• Cape Blanco N N N N N potential y N 

• Cascade Locks N y y N N potential unknown y 

• Coyote Hills N N N N y unknown N 

• Florence Jetty N N N N y potential y N 

• Gold Beach Area N y N N N unknown N 

• Hampton Butte N N N N y unknown N 

• Klondike N N y N y potential unknown N 

• Langlois N N N N y potential y N 

• Langlois Mtn. N y N N y unknown N 

• Prairie Mtn. N y N N y unknown N 

• Pueblo/Steens y N N N y unknown N 

• Pyle Canyon N N N N y unknown N 

• Sevenmile Hill N unk N y N potential unknown y 

• Winter Ridge y N N N y unknown N 

Washington 

• Beezley Hills N N N N y unknown N 

• Boylston Mtn. N N N N y unknown N 
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Table 8-63 (cont.) 
Wind Resource Area Development Issues 

Access Icing & County More Wind Visual Environmental Gorge 
State/Area Problems Trees Snow Regulation 3 Data Needed Impacts Impacts Constraints Li 

Washington (cont.) 

• Burdoin Mtn . N N N N y potential unknown y 

• Cape Flattery N y N N y unknown N 

. Columbia Hills E y N N N N unknown N 

. Columbia Hills W y N N N y potential unknown y 

. Goodnoe Hills N N y N N unknown N 

. Horse Heaven N N N N y unknown N 

• Kittitas Valley E N N N N N unknown N 

• Murdock Area N N N N y potential unknown y 

• Rattlesnake Mtn . N N N N y unknown N 

• Roosevelt y N N N y unknown N 

. Tule Hills N N N N y unknown N 

a Other regulations may apply. Oregon sites would be covered by statewide wind energy siting standards if the project by the s~n~e 
developer were 25 megawatts or greater in size. Montana's statewide enVJronmental standards generally would apply to all Montana 
sites. If a Bonneville Power Administration transmission line extension were required, a federal EIS generally would apply. 
h Columbia River Gorge scenic restrictions. 
C Y-Yes. 

d N-No. 
e Potential-the issue has been raised. 

Wind Power Potential in the Pacific 
Northwest 

This analysis of wind power potential in the Pacific 
Northwest is based on wind resource information com
piled in a Bonneville Power Administration study of re
gional wind resource characteristics (Baker, 1985). The 
cost of energy and total energy production potential of 
each of the most promising resource areas identified in 
the Bonneville study were estimated using the cost and 
performance characteristics of contemporary wind ma
chines. The effects of possible constraints to the full de
velopment of each of these areas were assessed on the 
cost and availability of energy from the area. These final 
estimates of energy cost and availability determined the 
Northwest wind resource potential for this plan. 

Promising Wind Resource Areas 

Bonneville hired Oregon State University to carry out 
a regionwide resource assessment program to identify and 
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measure high-velocity wind sites in Oregon, Washington, 
Idaho, western Montana, and northwest Nevada (Baker, 
1985). This program identified 118 sites with annual aver
age wind speeds of at least 12 miles per hour. Of these 
sites, 40 were identified as meriting further study (see Fig
ure 8-47). 

Characteristics that must be considered in the asses
sment of the potential of a wind resource area include 
wind speed and direction, interannual variation, shear, 
turbulence, seasonality and spatial extent. Average wind 
speeds are crucial to the cost and quantity of wind-gener
ated energy. The amount of energy in the wind rises with 
the cube of the speed. Because wind turbines only can 
capture a portion of this energy, the annual energy gener
ated by a turbine approximately rises with the square of 
the annual average wind speed. Thus, small differences in 
average wind speeds cause large differences in electric 
generation. Because turbines are capital-intensive, project 
cost-effectiveness is very sensitive to the strength of the 
wind resource. For these reasons, most wind energy re
searchers do not consider sites with annual average winds 
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below 12 miles per hour, measured up to 100 yards above 
the ground. Good sites have average speeds of 14 to 16 
miles per hour. The average wind speeds of the 40 promis
ing wind resource areas identified in the Oregon State 
University study are shown in "fable 8-64. 

Wind data describing the distribution of wind speed 
over time is required to calculate accurately the energy 
production of a given turbine. Wind speed distributions 
are not available for most regional sites. Generalized Ray
leigh56 wind speed distributions are used instead, except 
for 12 sites with better measurements. 

The energy production potential of wind is sensitive to 
elevation as well as wind speed. Low elevation sites with 
denser air have greater energy potential than higher-ele
vation sites of similar area and wind speed characteristics. 
Most wind resource areas are not flat, but have a range of 
elevations. Because the range of elevations varies for the 
Northwest's wind resource areas, the elevation at the ane
mometer tower was used. This is a reasonable representa
tion since the measurement sites usually are near the 
highest elevation within the area. The elevation at the 
anemomometer tower appears in Table 8-64 for each area. 

Representative Wind Power Plants 

The energy produced by a wind turbine is a function 
of turbine design and reliability as well as wind resource 
characteristics. One representative, commercially available 
turbine design was selected for use in this assessment. 
This design was the least costly of five commercially avail
able designs evaluated for this study. The costs of energy 
using the five turbine designs were calculated for 11 of the 
region's windiest sites. No single turbine was found to be 
least costly at all sites. The performance curve of the tur
bine that was least costly at the majority of the 11 sites 
was used to estimate the regional potential. 

The availability of a turbine is a function of scheduled 
maintenance outages and unexpected machine failures. 
Turbine availability at California wind projects is moni
tored by the Electric Power Research Institute. In a large 
sample the average availability was 89 percent. Some wind 
farms maintain a consistently high availability of 98 per
cent. Others were as low as 63 percent. The more reliable 
California projects have achieved and exceed 95 percent 
for the last four years. Low availability may indicate inade
quate maintenance programs and poorly designed tur
bines. Projects with good availability have reliable 
turbines, on-site spare part inventories and repair crews, 
and constant monitoring of operations. A 95 percent tur
bine availability was assumed for this plan. 

Estimates of wind power capital costs include siting 
and licensing costs, turbine costs, balance-of-plant costs, 
transmission grid interconnection costs, road access costs 
and site decommissioning. Land costs were not included as 
capital costs since conventional practice is not for a devel
oper to purchase the land, but rather to pay a royalty for 
the wind rights. 
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Wind farms can now be installed for less than $1,000 
per kilowatt, 57 and costs are expected to decline as more 
refined turbine designs are introduced. For this plan, the 
delivered cost of a turbine was estimated to be $842 per 
kilowatt. This includes the extra costs of extended warran
ties. Balance-of-plant costs include turbine installation, 
civil improvements, in-farm electrical collection system, 
interconnection equipment and contingencies. Balance
of-plant costs of 20 percent are assumed and are based on 
experience in the hilly Tehachapi area in California. Add
ing balance-of-plant costs of $165 per kilowatt yields total 
wind farm construction costs of $1,007 per kilowatt. 

Siting and licensing costs were estimated to be about 
1.5 percent of wind farm construction costs ($15 per kilo
watt). This includes the costs of micrositing studies, but 
assumes that basic site wind resource information is avail
able. 

Other capital costs include transmission interconnec
tion costs, road access costs and the costs of a site decom
missioning fund. Transmission interconnection costs were 
estimated to be $0.75 per kilowatt per mile of transmission 
line. Tbe distance to the nearest substation was used for 
estimating the transmission interconnection costs for each 
wind resource area except for the Blackfoot areas. Be
cause of the weak transmission grid in the Blackfoot area 
and the size of this resource, the highway distance from 
Browning to Great Falls was used to estimate interconnec
tion costs. Road access costs were assumed to be $10 per 
kilowatt for all sites. The cost of establishing a site decom
missioning fund was estimated to be $10 per kilowatt for 
all sites. 

Capital-related costs were increased by 5 percent for 
areas having challenging environmental conditions, includ
ing cold climate areas east of the Continental Divide, 
high-elevation sites (5,000 feet, or greater) subject to clear 
icing, and coastal sites subject to accelerated corrosion. 
The resulting estimates of wind farm development costs 
ranged from $1,017 per kilowatt at the Klondike area near 
the Columbia River Gorge to $1,104 per kilowatt at the 
Duncan Mountain area in southwestern Idaho. 

56. The distribution of wind speeds at a site may be estimated, 
based on mean wind speed data only, by using a probability 
density function called the Rayleigh distribution. The Rayleigh 
distribution is defined as: 

Fv(Vave) = Jl ( V
2

) - [ ~ ( V~veJ] 
2 Yave 

Where: 

Fv (Vave) = Rayleigh frequency distribution as a function of 
Yave 

V ave = Mean wind speed; and 

V = Median value of the wind speed ir.crement 

57. The costs described in this and the following six paragraphs 
are in 1988 year dollars, the year dollars appearing in the Coun
cil's wind issue paper. 
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Table 8-64 
Wind Resource Area Wind Measurements 

Terrain Elevation Speed Data 
State/Area Type3 MSLb (mph)C Sheard Confidencee Data Typef Peak Seasong 

Idaho 

• Albion Butte RC 7,110 17 .10 B MO Fall 

• Bennett Peak RD 7,440 16 .14 L HR Winter 

• Duncan Mtn . F 6,240 11.6 .14 B HR Spring 

• Strevell F 5,276 12.7 .14 B MO Winter 

Montana 

• Blackfoot Area 1 F 4,875 17 .12 B MO Winter 

• Blackfoot Area 2 F 4,500 15 .12 B MO Winter 

• Blackfoot Area 3 F 4,920 13 .12 B MO Winter 

• Great Falls F 3,688 14.4 .14 B MO Winter 

• Livingston F 4,632 15.5 .07 E HR Winter 

• Sieban 1 F 6,507 16 .07 B HR Winter 

• Sieban 2 F 4,882 13.5 .07 B MO Winter-Spring 

Nevada 

• Pequop Summit RC 7,540 15 .07 B HR Winter 

• Wells W. F 5,960 12.5 .07 B MO Winter-Spring 

Oregon 

• Adel RC 6,571 14.5 .14 B HR Winter-Spring 

• Burns Butte RC 5,307 13 .07 B MO Spring 

• Cape Blanco F 217 12.5 .20 E MO Winter 

• Cascade Locks F 100 15 .14 B HR Winter 

• Coyote Hills F 6,367 15.6 .10 B MO Spring 

• Florence Jetty F 13 12.1 .14 B HR Summer 

• Gold Beach Area RC 720 12.5 .07 B MO Winter 

• Hampton Butte RC 6,344 15.2 .10 B HR Winter-Spring 

• Klondike 1 F 1,540 14 .14 B MO Spring-Summer 

• Klondike 2 F 1,200 12 .14 B MO Spring-Summer 

• Langlois F 20 12 .10 L MO Winter 

• Langlois Mtn. RC 1,120 14 .07 B HR Winter 

• Prairie Mtn. RC 3,200 14.3 .07 B HR Fall-Winter 

• Pueblo/Steens RC 7,000 17 .14 L MO Winter-Spring 

• Pyle Canyon F 3,860 11.4 .10 B MO Winter 

• Sevenmile Hill F 1,880 15.3 .12 E HR Summer 

• Upper Pyle Canyon F 3,660 13.4 .10 B HR Winter 
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Table 8-64 (cont.) 
Wind Resource Area Wind Measurements 

Terrain Elevation Speed Data 
State/Area Typea MSLb (mph)C Sheard Confidencee Data 1ypef Peak Seasong 

Oregon (cont.) 

• Winter Ridge RC 7,060 14.9 .20 B HR Winter 

Washington 

• Beezley Hills RD 2,600 13 .07 E HR Spring-Summer 

• Boylston Mtn . RD 2,400 12 .07 B HR Spring-Summer 

• Burdoin Mtn. F 2,000 12 .07 B HR Summer 

• Cape Flattery RC 1,000 16 .14 B MO Winter 

• Columbia Hills W. RD 2,500 14.3 .07 B HR Spring-Summer 

• Columbia Hills E. 1 RD 2,800 18 .08 E HR Spring-Summer 

• Columbia Hills E. 2 RD 2,600 15.4 .08 E HR Spring-Summer 

• Goodnoe Hills F 2,640 14 .22 E HR Spring-Summer 

• Horse Heaven RC 2,200 13.4 .20 B HR Winter-Spring 

• Kittitas Valley E. F 2,660 11.9 .13 E HR Spring-Summer 

• Murdock Area F 400 13 .14 B HR Summer 

• Rattlesnake Mtn. 1 RC 3,400 18 .07 B HR Winter-Spring 

• Rattlesnake Mtn. 2 RD 3,000 13 .07 B HR Spring 

• Roosevelt F 1,706 13.8 .07 B HR Summer 

• Tule Hills F 2,750 12.3 .14 B HR Winter 

Primary Reference: Baker, R.W, et. al., 1985. Pacific Northwest Wind Regional Energy Assessment Pmgram, BPA 85-19. Prepared by 
Oregon State University for the Bonneville Power Administration, Portland, Oregon, October 1985. 

a Terrain Type: F-Flat or rolling terrain, RD-Ridgeline Downwind. RC-Ridgeline Crosswind. 
b Feet elevation. Will vary within the site area, depending on terrain and distance from measurement site. 
C Average annual speed at 50 feet height. 
d A coefficient that is used to estimate winds at other heights. 
e Data Confidence: E-Extensive, B-Broad, L-Limited. 
f Data Type: HR-Hourly, MO-Monthly. 
g The season(s) when potential electric generation peaks. 

Operation and maintenance costs include routine tur
bine inspections, blade cleaning and lubrication. Operation 
and maintenance and replacement costs at California proj
ects are 0.5 to 1.7 cents per kilowatt hour, averaging about 
1.0 cent per kilowatt hour (Lynette, R., et. al, 1989). Oper
ation and maintenance costs of 1.1 cents per kilowatt
hour, excluding post-operational capital replacement costs 
(see below), were assumed. Environmental conditions at 
many Northwest wind resource areas are far more severe 
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than at the California sites. Testimony provided to the 
Council suggested that operation and maintenance costs 
likely would be greater for Northwest wind resource areas, 
particularly for cold-climate areas, coastal areas subject to 
accelerated corrosion and areas subject to severe snow or 
icing conditions. Costs in areas having severe environmen
tal conditions were increased by 5 percent over the base 
operation-and-maintenance cost of 1.1 cents per kilowatt
hour. 
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A minimum of one year, and preferably more, of basic 
wind resource data is required to identify a wind site. This 
data is assumed to be available prior to the initiation of 
siting studies for specific wind projects. A developer will 
follow up the basic measurements with a micrositing study 
to determine turbine layout. A period of 24 months is re
quired to complete micrositing, engineering, and permit
ting. Turbine orders could be placed during the second 
year of siting and licensing activity. Site development and 
turbine installation for a typical commercial-scale project 
(30 megawatts, for example) can be completed in 12 
months. For planning purposes, "construction period" 
begins with major equipment order; therefore, for this 
plan, a siting and licensing period of 12 months and a con
struction period of 24 months is assumed. 

This plan assumes that a wind project will operate for 
40 years. Continued reliable operation for this period will 
require periodic overhaul or replacement of major turbine 
components. Wind turbine experts submitted to the Coun
cil a long-term turbine maintenance and component re
placement schedule that could be expected to secure 
reliable operation for 40 years. This schedule (see Table 
8-65) would require post-operational capital replacement 
expenditures averaging $14.90 per kilowatt per year. Costs 
in areas having severe environmental conditions were as
sumed to be 5 percent greater. 

Costs, adjusted to 1990 dollars, and performance as
sumptions for the base case representative wind power 
project are shown in Table 8-66. 

Reference Energy Cost Estimates 

The annual energy production per unit of installed 
capacity was estimated for each area using turbine capacity 
factors derived as described above and applying an in-farm 
electric loss factor of 2 percent. The resulting net capacity 
factor is shown for each site in Table 8-67. Levelized ener
gy production costs were calculated using the capital, op
eration and maintenance and post-operational capital 
costs described earlier and the reference financial and 
other assumptions described the introduction to this chap
ter. Land rent (wind rights) royalties add another five per
cent to the cost of energy. The resulting levelized energy 
costs range from 9.6 cents per kilowatt-hour for the Co
lumbia Hills East area to 21.0 cents per kilowatt-hour for 
the Duncan Mountain area (see Table 8-67). 

Wind Resource Potential 

The wind-generated electricity potential available to 
the region was based on the number of turbines that could 
be sited in each of the wind resource areas and the ex
pected energy production of each turbine. The number of 
turbines that could be sited in each area multiplied by the 
capacity of the representative turbine used in this asses
sment yielded the potential capacity at each area. Multi
plying this installed capacity by the net capacity factor 
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calculated earlier yielded an estimate of the technical en
ergy production potential of each area. But land use, 
transmission and other constraints will limit the amount of 
wind energy that could be obtained from each wind re
source area. The developable potential was estimated by 
considering the likely effects of possible constraints to 
wind power development at each resource area. 

Technical Resource Potential 

The spatial extent of each wind resource area (see 
1able 8-67) was estimated during the regional energy re
source assessment program (Baker, et al., 1985). Local 
topography, trees, competing land uses, and natural fea
tures such as lakes reduce the developable land area of 
each resource area. The usable portion of each area (see 
Table 8-67) was subjectively estimated given limited 
knowledge of the sites and a review of U.S. Geologic Sur
vey topographic maps. These estimates are very prelimi
nary, and further research could change the percentages 
considerably. 

Wind farms were assumed to be laid out according to 
terrain type (fable 8-64 ). Linear arrays of one to three 
rows of turbines were assumed for ridgelines and deeper 
arrays for plains (fable 8-67). Conservative spacing of 10 
rotor diameters (820 feet) downwind and 5 rotor diameters 
crosswind was assumed for minimizing wake losses. Multi
ple rows are offset. Spacing was determined by the avail
able wind direction data. Closer spacing yields more 
turbines per site but with possible performance penalties 
because of wake interference. Optimal layout at these 
wind resource areas would require additional site data and 
micrositing studies. 

The resulting estimates of wind energy technical po
tential at the 46 wind resource areas is shown in Table 
8-67. Nearly 19,000 megawatts of turbine capacity could be 
installed, generating about 4,500 average megawatts. More 
than 94,500 of the 200-kilowatt turbines would be required 
for full development of this capacity. 
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Table 8-65 
Estimated Interim Capital Replacement Costsafor a 200 to 300-Kilowatt Machine 

Year 1989 Dollars (thousands) Item 

1 $0 

2 $0 

3 $0 

5 $0 

6 $0 

7 $4 Overhaul yaw gear 

8 $0 

9 $0 

10 $0 

11 $15 Overhaul gearbox; replace droop cable 

12 $5 Rewind generator; replace bearings 

13 $26 Replace bladeset 

14 $4 Overhaul yaw gear 

15 $0 

16 $0 

17 $0 

18 $0 

19 $0 

20 $22 Replace gearbox and droop cable 

21 . $23 Replace yaw bearing, bears and pitch bearings 

22 $0 

23 $0 

24 $5 Rewind generator; replace bearings 

25 $5 Refurbish tower; replace bolts 

26 $26 Replace bladeset 

27 $0 

28 $4 Overhaul yaw gear 

29 $0 

30 $0 

31 $15 Overhaul gearbox; replace droop cable 

32 $0 

33 $0 

34 $0 

35 $5 Rewind generator; replace bearings 
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1hble 8-65 (cont.) 
Estimated Interim Capital Replacement Costsa for a 200 to JOO-Kilowatt Machine (Assume 250 Kilowatt) 

Year 1989 Dollars (thousands) Item 

36 $4 Overhaul yaw gear 

37 $0 

38 $0 

39 $0 

40 $0 

" From Robert Lynette letter of January 4, 1990, and phone conversation with Dan Seligman of March 23, 1990. 

1hble 8-66 
Cost and Pe,formance Characteristics of a Representative Wind Power Station (1990 Dollars) 

Representative Wind Power Stationa 

Plant Configuration 150 to 200-kilowatt units 

Machine 1ype Horizontal Axis, 82-foot diameter blades 

Rated Capacity (MW/unit) 0.25 

Peak Capacity (MW /unit) NIA 

Equivalent Annual Availability(%) 95% 

Siting and Licensing Cost ($/kW) $16 

Siting and Licensing Hold Cost ($/kW /yr.) $4.00 

Construction Cost ($/kW)b $1,086 

Fixed O&M Cost ($/kW /yr.)C $0.15 

Variable O&M Cost (mills/kWh) 12.0 

Post-op Capital Replacement Cost $16.10 

Wind Rights Royalty 5% of total energy costs 

Siting and Licensing Lead Time (months) 24 

Construction Lead Time (months) 24<l 

Service Life (years) 40 

a Base costs arc shown: costs were adjusted to account for specific environmental conditions. See text. 

b "Overnight" cost (excludes interest during construction). Excludes access road and transmission interconnection costs. These are 
site-specific. 

C Decommissioning fund contribution. 

d From equipment order. Equipment order could proceed following one year of siting and licensing activity. 
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Table 8-67 
Regional Wind Potential and Site Cost-Effectiveness (1990 Dollars) 

Usable Number Installed Capacity Technical Technical Energy 
Spatial Portion Array of Capacity Factor'1 Potential1 Potential1 Cost" 

State/Area Extent3 (%) Layoutb WfGC (MW) (%) (MW) (MWa/yr.) (cents/kWh) 

Idaho 

• Albion Butte 13 50 2R-10X 84 16.8 25.4 16.5 4.1 12.7 

• Bennett Peak 8 40 lR-lOX 21 4.2 25.9 4.1 1.1 12.6 

• Duncan Mtn. 90 60 8Xl0 2,970 594.0 14.3 582 83 21.0 

• Strevell 8 60 8Xl0 251 50.2 17.7 49 8.6 17.1 

Montana 

• Blackfoot Area 1 1,500 50 lOXlO 35,588 7,117.6 30.4 7,030 2,100 11.8 

• Blackfoot Arca 2 750 50 lOXlO 17,763 3,552.6 25.2 3,480 870 13.7 

• Blackfoot Area 3 1,000 50 lOXlO 23,853 4,770.6 19.2 4,680 890 17.1 

• Great Falls 75 60 8Xl0 2,484 496.8 24.5 490 120 13.1 

• Livingston 25 80 8Xl0 1,092 218.4 24.9 210 53 13.0 

• Sieban 1 15 40 5Xl0 490 98.0 24.6 96 23 13.1 

• Sieban 2 35 40 5Xl0 1,170 234.0 18.5 230 42 16.4 

Nevada 

• Pequop Summit 8 40 1R-5X 41 8.2 21.1 8.0 1.7 14.8 

• Wells W. 4 40 8Xl0 84 16.8 14.8 17 2.4 19.9 

Oregon 

• Adel 14 80 3R-10X 216 43.2 22.3 42 9.4 14.1 

• Burns Butte 8 50 1R-10X 26 5.2 16.7 5.1 0.8 18.0 

• Cape Blanco 2.5 50 8Xl0 66 13.2 23.2 13.0 3.0 13.9 

• Cascade Locks 1.2 10 lR-lOX 1 .2 30.4 0.2 0.1 10.7 

• Coyote Hills 5 50 8Xl0 128 25.6 24.5 25 6.1 13.3 

• Florence Jetty 2 60 2R-10X 16 3.2 19.1 3.1 0.6 16.0 

• Gold Beach Area 3 50 lR-lOX 10 2.0 18.0 2.0 0.4 16.8 

• Hampton Butte 4 50 lR-lOX 13 2.6 23.5 2.5 0.6 13.6 

• Klondike 1 15 40 8X10 324 64.8 25.1 64 16 12.2 

• Klondike 2 200 40 8X10 4,475 895.0 18.0 880 160 16.0 

• Langlois 4 70 8Xl0 147 29.4 17.6 29 5.0 17.2 

• Langlois Mtn. 3.5 60 1R-5X 27 5.4 23.1 5.3 1.2 13.7 

• Prairie Mtn. 4 30 1R-10X 8 1.6 22.3 1.6 .3 13.6 

• Pueblo/Steens 18 40 1R-5X 93 18.6 29.0 18 5.2 11.5 

• Pyle Canyon 12 40 8Xl0 259 51.8 15.1 7.6 18.6 

• Sevenmile Hill 3 60 5Xl0 139 27.8 28.4 27 7.7 11.1 
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Table 8-67 (cont.) 
Regional Wind Potential and Site Cost-Effectiveness (1990 Dollars) 

Usable Number Installed Capacity Technical Technical Energy 
Spatial Portion Array of Capacity Factor" Potential1 Potential1 Coste 

State/Area Extent" (%) Layoutb WTGC (MW) (%) (MW) (MWa/yr.) (cents/kWh) 

Oregon (cont.) 

• Upper Pyle Canyon 6 50 8Xl0 162 32.4 20.9 32 6.6 14.2 

• Winter Ridge 27 70 3R-8X 456 91.2 24.9 89 22 13.0 

Washington 

• Beezley Hills 17 60 3R-10X 197 39.4 18.4 39 7.1 15.8 

• Boylston Mtn . 8 60 1R-8X 38 7.6 15.2 7.4 1.1 18.7 

• Burdoin Mtn . 3 50 5X10 116 .23.2 15.4 23 3.5 18.3 

• Cape Flattery 13 40 2R-5X 134 26.8 32.9 26 8.6 10.4 

• Columbia Hills E. 1 4 60 2R-10X 31 6.2 34.8 6 2.1 9.5 

• Columbia Hills E. 2 7 60 2R-10X 54 10.8 26.9 11 2.8 11.6 

• Columbia Hills W. 20 60 lR-lOX 77 15.4 23.0 15 3.4 13.2 

• Goodnoe Hills 1.5 60 5X10 72 14.4 27.1 14 3.8 11.6 

• Horse Heaven 34 40 2R-5X 350 70.0 24.2 69 17 12.6 

• Kittitas Valley E . 12 60 8Xl0 389 77.8 17.3 76 13 16.6 

• Murdock Area 5 50 5Xl0 196 39.2 22.3 38 8.5 13.4 

• Rattlesnake Mtn. 1 16 50 2R-8X 129 25.8 33.7 25 8.4 9.8 

• Rattlesnake Mtn. 2 7 50 2R-10X 45 9.0 18.2 9 1.6 16.0 

• Roosevelt 2 50 5X10 77 15.4 21.8 15 3.3 13.7 

• Tule Hills 6 60 lOXlO 162 32.4 18.0 32 5.7 16.4 

a Miles: Square miles gross site area or linear miles of ridgeline. 

b Ridgelines: Number of turbine rows, number of rotor diameters spacing. Other sites: Number of rotor diameters spacing across 
and downwind. See Table 8-64 "Tenain Type" column to determine terrain. 

C Number of WTG: Net number of 200 kilowatt. 82 foot diameter wind turbine generators. 

d CF: Capacity Factor is net of turbine availability, elevation and in-farm electric losses. Due to wide spacing, zero wake losses arc 
used. 

e Cost of energy is levelized nominal dollars for 1990 in-service. 

f At switchyard busbar. 

Achievable Potential the technical potential shown in Table 8-67 appears to be 
developable at this time. 

The Council includes in its resource portfolio only 
resources that it is confident could be developed within 
the 20-year period of the plan. Because of transmission 
constraints, system integration uncertainties, land-use 
conflicts and uncertainties, severe winter climate condi
tions, and other potential constraints, only a fraction of 
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The three Blackfoot wind resource areas encompass 
much of the Blackfeet Indian Reservation58 in north cen
tral Montana. Because of the large size of the Blackfoot 
area resources, and the limited transmission service to 
that part of Montana, it is unlikely that the existing trans
mission network would be capable of supporting signifi
cant development of that resource. The large size of the 
Blackfoot area resource, coupled with the intermittent 
nature of wind would likely require that the output be 
transmitted to the main portion of the regional grid. But 
this would require transmission south to the Great Falls 
area, then west to regional load centers. Detailed analysis 
of the resulting transmission requirements had not been 
prepared at the time this plan was developed, but the re
sulting transmission distance would likely render the 
Blackfoot resource more costly to develop. 59 

A portion of the Blackfoot area resource, however, 
might be accommodated by new transmission capacity 
south to the Great Falls area or west to the Missoula area. 
Transmission west probably would be limited to one 69 or 
115 kilovolt line because of the narrow and environmen
tally sensitive corridor between Glacier National Park and 
the Great Bear Wilderness. Transmission to the Great 
Falls area likely would be limited by the ability of the 
transmission grid at Great Falls to absorb intermittent 
wind power. 

For purposes of this assessment, we have assumed 
that 150 megawatts of Blackfoot area wind capacity could 
be accommodated on a new 115-kilovolt line west to the 
Missoula area. We have also assumed that 300 additional 
megawatts of capacity could be accommodated on the ex
isting grid at Great Falls. This would require a single 230 
kilovolt line from the Blackfoot area to Great Falls. A 
rough estimate of the cost of this transmission is included 
in the energy cost estimates of Table 8-67. 

For this reason, we have limited the estimated poten
tial from the Blackfoot area to 450 megawatts of capacity, 
capable of producing about 140 megawatts of energy. This 
level of development would occupy slightly more than 1 
percent of the land area at the reservation. Further, inves
tigation of transmission and system integration of Mon
tana wind resources should allow this estimate to be 
further refined. 

Aesthetic sensitivities will constrain the availability of 
wind resources further. To account for these constraints, 
the potential contribution of land lying within the bound
aries of the Columbia River Gorge Scenic Area was 
omitted from the estimate of achievable potential. 

Current wind turbine technology appears to be capa
ble of operating reliably at most Northwest wind resource 
areas, though design and maintenance adaptations likely 
will be required for sites with extreme winter cold and 
sites exposed to corrosive maritime air. But some sites 
have severe wintertime icing and snow problems (see 
Table 8-63). Because the effect of severe icing and snow 
on turbine reliability is not well understood, sites known 
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to have these problems were omitted from the estimates 
of availability. 

Considering the technical wind power potential in the 
region, the estimated cost of power from the region's wind 
resource areas and system integration, aesthetic and cli
mate constraints to development, the Council estimates 
that about 660 megawatts of wind-generated energy could 
be obtained by the development of about 2,900 megawatts 
of wind project capacity. The cost of this energy is esti
mated to range from 9.6 to 16.8 cents per kilowatt-hour, 
excluding credits or penalties resulting from factors such 
as seasonality, wind variability or lead time. The supply 
curve for this energy is shown in Table 8-68. 

About 350 megawatts of this energy is available from 
the Livingston, Great Falls, Sieban and Blackfoot areas in 
Montana. Approximately 190 megawatts is available from 
Columbia River Gorge areas. The balance is available 
from scattered sites. The Montana resource is potentially 
much larger, but additional Montana resources are consid
ered currently not available for development because of 
uncertainties regarding transmission costs and other sys
tem integration concerns. 

Wind Power Planning Assumptions 

For subsequent analysis of the role of wind in the re
source portfolio, the wind resources considered to be 
available for development were aggregated into three re
source blocks on the basis of energy cost. The first re
source block is small: 29 megawatts of energy. This block 
is competitive in cost with new coal projects. The second 
and third blocks of 381 and 253 megawatts are resources 
that could be developed at progressively higher costs. 

Resolution of questions regarding system integration 
might indicate that a much larger portion of the Montana 
resource could be developed. A fourth block of additional 
promising Montana wind resources was defined to test the 
effect of a larger Montana resource potential on the re
source portfolio. This block consists of 1,000 megawatts of 
energy from the Blackfoot area. 

Characteristics of the four blocks of wind resources 
are shown in Table 8-69. 

58. The wind resource area largely located on the Blackfeet 
Indian reservation is designated as the "Blackfoot" wind re
source area in the regional wind energy assessment report (Bak
er, et. al., 1985). 

59. The Pacific Northwest Utilities Conference Committee has 
subsequently prepared an assessment of transmission intercon
nection for the wind resources of the Blackfeet Indian Reserva
tion. This assessment is scheduled for publication in September 
1991. 
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Table 8-68 
Pacific Northwest Wind Resource Potential Available for Development (1990 Dollars) 

Capacity Energy Levelized Energy Costa 
Wind Resource Area (MW) (MWa) (cents/kWh) 

Columbia Hills East 1 6 2 9.5 

Rattlesnake Mountain 1 26 9 9.8 

Cape Flattery 13 4 10.4 

Sevenmile Hill 7 2 11.l 

Pueblo/Steens 19 5 11.5 

Goodnoe Hills 14 4 11.6 

Columbia Hills East 2 11 3 11.6 

Blackfoot Area 1 450 137 11.8 

Klondike 1 65 16 12.2 

Horse Heaven 70 17 12.6 

Livingston 218 54 13.0 

Winter Ridge 91 23 13.0 

Great Falls 497 122 13.1 

Columbia Hills West 3 1 13.2 

Coyote Hills 5 1 13.3 

Hampton Butte 3 1 13.6 

Prairie Mountain 2 1 13.6 

Langlois Mountain 5 1 13.7 

Roosevelt 15 3 13.7 

Cape Blanco 13 3 13.9 

Adel 43 10 14.1 

Upper Pyle Canyon 32 7 14.2 

Beezely Hills 39 7 15.8 

Florence Jetty 2 <1 16.0 

Rattlesnake Mountain 2 9 2 16.0 

Klondike 2 895 161 16.0 

Sieban 2 234 43 16.4 

Tule Hills 32 6 16.4 

Kittitas Valley East 78 14 16.6 

Gold Beach Area 2 <1 16.8 

Total 2,900 659 9.5 - 16.8 

a Nominal dollars. 

1991 NORTHWEST POWER PLAN-VOLUME II 635 



CHAPTERS GENERATING RESOURCES 

Table 8-69 
Wind Power Planning Assumptions 

Wind 1 Wind2 Wind 3 Wind4 

Total Capacity (MW) 96 1,445 1,380 3,293 

Total Average Eneq,,y (MWa) 29 381 253 1,000 

Total Firm Energy (MWa) 29 381 253 1,000 

Unit Capacity (typical project) (MW) 19 31 30 30 

Seasonality Summer Peaking Winter Peaking Winter Peaking Winter Peaking 

Dispatchability Must-run Must-run Must-run Must-run 

Siting and Licensing Lead Time (months? 12 12 12 12 

Probability of Siting and Licensing Success (%) 90 90 90 90 

Siting and Licensing Shelf Life (years) 5 5 5 5 

Probability of Hold Success (%) 90 90 90 90 

Construction Lead Time (months)b 24 24 24 24 

Construction Cash Flow (%/yr.) 40160 40/60 40/60 40/60 

Siting and Licensing Cost ($/kW) $16 $17 $16 $17 

Siting and Licensing Hold Cost ($/kW/yr.) $4 $4 $4 $4 

Construction Cost ($/kW) $1,125 $1,191 $1,111 $1,277 

Fixed OMR&D Cost ($/kW/yr.)C $16 $17 $16 $17 

Variable O&M Cost (mills/kWh) 12.1 12.4 12.0 12.5 

Earliest Service 1995 1997 2001 1997 

Peak Development Rate (projects/yr.) 2 16 16 16 

Operating Life (years) 40 40 40 40 

Real Escalation Rates (%/yr.) 

• Capital Costs 0 0 0 0 

• O&M Costs 0 0 0 0 . 
a To turbine order. Overall siting and licensing is estimated to require two years. 
b From turbine order. 
C Includes operation, maintenance, post-operational capital replacement and decommissioning costs. 

Conclusions 

The wind energy resources of the Pacific Northwest 
have the potential to produce several hundred megawatts 
of electrical energy at costs generally competitive with 
electrical energy from new coal plants. Wind is a renew
able energy resource. The bulk of the region's wind re
sources are found in Montana, east of the Rocky 
Mountains. 

636 

The total Pacific Northwest wind resource potential is 
very large. It is estimated that the better resource areas 
could yield over 4,500 megawatts of energy from nearly 
19,000 megawatts of turbine capacity. Technical, institu
tional and environmental constraints will present barriers 
to development of the full potential of some wind re
source areas. Several otherwise favorable sites have severe 
wintertime icing and snow conditions. Coastal and Colum-
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bia River Gorge site development may have to be limited 
for aesthetic reasons. System interconnection constraints 
may limit development of the large Montana resource. 
The Council has considered these issues and estimates 
that about 660 megawatts of energy could be obtained 
from wind resources currently capable of development. 
The estimated cost of energy from these sites ranges from 
9.5 to 16.8 cents per kilowatt-hour. 

Wind generation produces no atmospheric emissions, 
solid waste by-products or water-borne pollutants. Some 
potential for erosion and dust exists, particularly during 
construction of access roads, but this can be controlled 
with proper design and maintenance. The aesthetic im
pacts of wind farms, service roads and transmission inter
connects are of greater concern. Isolated machines and 
small wind farms can be a curiosity, but massed arrays can 
seriously alter the appearance of sensitive sites. Other 
environmental concerns include avian mortality and noise. 
These can be controlled by proper site selection and de
sign. 

Because wind resources are intermittent and not pre
dictable on an hourly or daily basis, wind-generated ener
gy is likely to be of somewhat lesser value than energy 
from non-intermittent resources. Large-scale develop
ment of wind-generated energy may present system inte
gration problems. The 2,900 megawatts of wind capacity 
available for the portfolio is believed to be small enough, 
relative to the overall size of the regional system, that in
tegration ought not to be a problem. 

Development of wind resources can be undertaken in 
increments of 20 to 30 megawatts, allowing supply to be 
well-coordinated with need. Once basic site wind data is 
available, lead times (36 months) are among the shortest 
for generating resources. 

The following actions, further described in Volume II, 
Chapter 1, are intended to improve understanding of this 
resource. These actions are expected to lead to better 
planning decisions, shortened wind resource development 
lead times, improved wind farm design and improved tur
bine reliability. 

• Collect long-term wind resource data. 

• Monitor wind power technology and resource devel
opment. 

• Assess the feasibility of developing promising Pacific 
Northwest wind resource areas. 

• Measure quantity and quality of the better wind re-
source areas. 

• Prepare wind resource area development plans. 

• Develop a cold-climate wind turbine pilot facility. 

• Develop a regional wind farm demonstration project. 
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APPENDIX 8-A 

REPRESENTATIVE THERMAL POWER PLANTS 

This appendix provides detailed information concern
ing the derivation of the cost and performance assump
tions for the representative thermal power plants of this 
plan. Minor discrepancies between the information ap
pearing in this appendix and the plant characteristics ap
pearing in Chapter 8 result from refinement and 
corrections of information regarding these power plants 
since completion of the analyses embodies in the power 
plan. These differences do not materially affect the con
clusions of this plan. 
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ll-SEP-91 Northwest 
2 5 M W 

Power Planning Counci I Representative 
W O O D R E S I D U E P O W E R 

(Direct-fired Steam-electric) 
January 1990 Base Year 

Power Plant 
P L A N T 

G E N E R A L 

Type 

P L A N T D E S C R I P T I O N 

Conf guration: 
Site 

Primary Fuel: 
Heat Value (Btu/lb, HHV) 
De I i very 
Inventory (days) 
Fixed Cost ($/kW/yr) 
Variable Cost ($/MMBtu) 

Alternate Fuel: 
Heat Value (Btu/lb, HHV) 
Delivery 
Inventory (days) 
Fixed Cost ($/kW/yr) 
Variable Cost ($/MMBtu) 

Environmental Controls: 
Heat Rejection 
Air Emission Controls: 

Grid Interconnection: 
Configuration 
Distance (mi) 

Particulates 

P L A N T P E R F O R M A N C E 

Net Capacity and Heat Rate: 

Maximum Sustainable Capacity 
Rated Capacity 
Minimum Sustainable Capacity 

Availability: 
Routine Inspection and Maintenance (days/year) 
Maj or Inspection and Overhau I (days/frequency) 
Average Planned Outage (days/year) 
Other Planned and Unplanned Outages (¾) 
Equivalent Annual Availability(¾) 

Service life (years) 

Direct-fired steam-electric 
One 25MW unit 
Western Washington 

Mixed wood residue 
4500 
Truck 
60 
$0.00 
$2.57 

None 
n/a 
n/a 
None 
n/a 
n/a 

Mechanical draft cooling towers 
Electrostatic precipitator 

115kV, single circuit 
10 

Capacity (MW) 
-------------
Not specified 
25 
Not specified 

Not Specified 
Not Specified 
30 
5.0¾ 
87.2¾ 

30 

Heat Rate (Btu/kWh) 
-------------
Not specified 

15000 
Not specified 

Note 1 

Ebasco(84) 

Note 2 

Note 3 
Note 3 
Note 3 

Note 4 
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11-SEP-91 Northwest Power Planning Counci I Representative Power Plant 
2 5 M W W O O D R E S I D U E P O W E R P L A N T 

(Direct-fired Steam-electric) 
January 1990 Base Year 

P L A N T P E R F O R M A N C E (CONT IN U ED) 

Energy production potential by month (Percent of annual total): 

Jan 
Feb 
Mar 
Apr 
May 
Jun 
Jul 
Aug 
Sep 
Oct 
Nov 
Dec 

D E V E L O P M E N T S C H E D U L E S 

Siting and Licensing (months) 
Equipment Procurement and Construction (months) 
Construction Cash Flow (% by year) 

S I T I N G & L I C E N S I N G C O S T S 

Account Acct. Source 
------- ----- --------------------------
Siting & Licensing Sll 

SL2 
2¾ TPC, Batte I le(82) p.6.27 

SL3 
SL4 
SL5 
SL6 

Total Siting & Lie. TSL 

0 P T I O N H O L D C O S T S 

Account Acct. Source 
------------------- ----- --------------------------Project Management OHl Note 8 
Siting Counci I Fees OH2 $0.04/kW/yr, Henriques(84) 
Environmental Base I i ne OH3 $0.14/kW/yr, Henriques(84) 
Land Option OH4 N/A, I and is purchased 
Owner's Indirects OHS 11¾ OHl-4, Henriques(84) 

Total Annual Hold Costs THC 

8.3% 
8.3% 
8.3% 
8.3% 
8.3% 
8.3% 
8.3% 
8.3% 
8.3% 
8.3% 
8.3% 
8.3% 

24 
24 

25/50/25 

Price 
Year 
-------
1/90 

Price 
Year 
-------

1/86 
1/84 
1/84 
n/a 
1/90 

Price Yr 
Estimate 

(MM$) 
-------

0.759 
0.000 
0.000 
0.000 
0.000 
0.000 

Price Yr 
Estimate 

(MM$) 
-------

0.050 
0.001 
0.004 
0.000 
0.007 

Esc I. Price Yr 
Index Index 

------- -------
n/a 100 
n/a 100 
n/a 100 
n/a 100 
n/a 100 
n/a 100 

Esc I. Price Yr 
Index Index 

------- -------
GNP 1.124 
GNP 1.058 
GNP 1.058 
n/a 100 
n/a 100 

Base Yr 
Index 

-------
100 
100 
100 
100 
100 
100 

Base Yr 
Index 

-------
1.288 
1.288 
1.288 

100 
100 

Note 5 

Note 6 
Note 6 
Note 7 

Base Yr. Base Yr. 
Estimate Estimate 

(MM$) ($/kW) 
------- -------

0.759 $30 
0.000 $0 
0.000 $0 
0.000 $0 
0.000 $0 
0.000 $0 

0.759 $30 

Base Yr. Base Yr. 
Estimate Estimate 

(MM$) ($/kW) 
------- -------

0.057 $2.29 
0.001 $0.05 
0.004 $0.17 
0.000 $0.00 
0.007 $0.28 

0.070 $2.79 
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~ I ll-SEP-91 Northwest Power Planning Counci I Representative Power Plant 
:,. .,, .,, 

2 5 M W W O O D R E S I D U E P O W E R P L A N T m 
(Direct-fired Steam-electric) 

z 
0 

January 1990 Base Year x 
"' I 
:,. 

P L A N T C O S T S 

Price Yr Base Yr. Base Yr. 
Price Estimate Esc I. Price Yr Base Yr Estimate Estimate 

Account Acct. Source Year (MM$) Index Index Index (MM$) ($/kW) 
------------------- ----- -------------------------- ------- ------- ------- ------- ------- ------- -------
Direct Costs: (Note 9) 

Land Acquisition DCl Included in Sll n/a 0.000 n/a 100 100 0.000 $0 
Ci vi I /Structura I DC2 NWPPC(89a) T.9 7/89 3.177 HW6 306 311 3.229 $129 
Turbine-Generator DC3 NWPPC(89a) T.9 7/89 5.025 HW6 306 311 5.107 $204 
Steam Generator DC4 NWPPC(89a) T.9 7/89 6.590 HW6 306 311 6.698 $268 
Fuel &. Ash Hand I i ng DC5 NWPPC (89a) T.9 7/89 2.670 HW6 306 311 2.714 $109 
Air Po I I ut ion Contro I DC6 NWPPC(89a) T.9 7/89 1.094 HW6 306 311 1.112 $44 
Piping/Insulation/Lagging DC7 NWPPC(89a) T.9 7/89 2.663 HW6 306 311 2.707 $108 
Mechanical &. Other DC8 NWPPC(89a) T.9 7/89 3.420 HW6 306 311 3.476 $139 
Electrical DC9 NWPPC(89a) T.9 7/89 1. 779 HW6 306 311 1.808 $72 

Total Direct Cost TDC 26.850 $1,074 

Indirect Costs: 

Indirect Const. Costs ICl NWPPC (89a) T.9 7/89 0.756 HW6 306 311 0.768 $31 
Engineering IC2 NWPPC(89a) T.9 7/89 3.990 HW6 306 311 4.055 $162 
Contingency IC3 Note 10 1/90 4.143 n/a 100 100 4.143 $166 
Owner's Cost IC4 Note 11 1/90 1.433 n/a 100 100 1.433 $57 

IC5 
IC6 

Total Indirect Cost TIC 10.399 $416 

Burdened Costs: 

Switchyard BCl Included in DC (Ebasco(84)) n/a 0.000 n/a 100 100 0.000 $0 
Trans. Interconnect BC2 Note 12 1/90 0.188 n/a 100 100 0.188 $8 
Spares BC3 Assume 0.5r. of TDC 1/90 0.134 n/a 100 100 0 .134 $5 
Prepaid royalties BC4 n/a n/a 0.000 n/a 100 100 0.000 $0 
SE Impact Mitigation BC5 1r. of TPC, COTF 1/90 0.379 n/a 100 100 0.379 $15 

BC6 n/a 0.000 n/a 100 100 0.000 $0 " -0 
m .,, 

:5: " z Total Burdened Cost TBC 0.701 $28 m 
r./l 

0 m 
cl z 
:i: Total Plant Cost TPC TDC+ TIC+ TBC 37.950 $1,518 5! 
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ll-SEP-91 Northwest Power Planning Counci I Representative Power Plant 
2 5 M W W O O D R E S I D U E P O W E R P L A N T 

(Direct-fired Steam-electric) 
January 1990 Base Year 

P R E P R O D U C T I O N C A P I T A L C O S T S 

Account 
-------
Fue I inventory: 

Primary Fuel Inventory 
Secondary Fuel Inventory 

Acct. 

Fil 
FI2 

Total Fuel Inventory CostTFI 

Startup Costs: 

Fixed O&M 
Variable O&M 
Fixed Fuel 
Variable Fuel 
Equip. Modification 

SUl 
SU2 
SU3 
SU4 
SU5 

Total Startup Cost: TSU 

Total Preproduction Cost TPPC 

Source Qty. Units 

EPRI standard assumption 
EPRI standard assumption 
EPRI standard assumption 
EPRI standard assumption 
EPRI standard assumption 

TFI + TSU 

60 days 
0 days 

30 
30 

7 
7 

2.0,; 

days 
days 
days 
days 

percent total plant cost 

C A P I T A L C O S T S U M M A R Y 

Siting & Licensing 
Plant 
Preproduction 

Total Overnight Capital Costs 

0 P E R A T I N G C O S T S 

Price Price Yr Esc I. Price Yr Account Acct. Source Year Estimate Index Index ------------------- ----- -------------------------- ------- ------- ------- -------Fixed O&M ($/kW/yr) OCl Note 13 7/89 42.910 GNPD 126.3 Var. O&M (m/kWh) OC2 Note 14 7/89 3.250 GNPD 126.3 Consumables (m/kWh) OC3 Note 15 7/89 0.360 GNPD 126.3 Byproduct Credit (m/kWh) OC4 None n/a 0.0 n/a 100 Cap. Rep. ($/kW/yr) OC5 Inc. in OCl n/a $0.00 n/a 100 Decomissioning OC6 Assumed to net zero n/a $0.00 n/a 100 

Base Yr 
Index 

-------
128.8 
128.8 
128.8 

100 
100 
100 

Base Yr. Base Yr. 
Estimate Estimate 

(MM$) 
-------

1.387 
0.000 

1.387 

0.090 
0.066 
0.000 
0.162 
0.759 

1.077 

2.464 

0.759 
37.950 

2.464 

41.173 

Base Yr 
Estimate 
-------

$43.76 
3.3 
0.4 
0.0 

$0.00 
$0.00 

($/kW) 
-------

$55 
$0 

$55 

$4 
$3 
$0 
$6 

$30 

$43 

$99 

$30 
$1,518 

$99 

$1,647 
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Northwest Power Planning Counci I Representative Power Plant 
2 5 M W W O O D R E S I D U E P O W E R P L A N T 

(Direct-fired Steam-electric) 
January 1990 Base Year 

1. Fuel information, quantity and price from NWPPC(89a) and NWPPC(90); escalation indices from NWPPC(91): 

Municipal Sol id Waste 
Logging Residue 
Mi 11 Residue 
Agricultural Residue 
Stand-alone Mix 

2. Heat rate is from NWPPC(89a) Table 9. 

Variable 
Price 

Quantity ($1988) 
(TBtu/yr) ($/MMBtu) 

0 -$6.50 
4 $3.30 
2 $1.00 
5 $2.20 

11 $2.38 

Escal
ation 

Factor 

1.08 
1.08 
1.08 
1.08 
1.08 

Variable Fixed 
Price Price 

($1990) ($1990) 
($/MMBtu) ($/kW/yr) 

-$7.01 $0.00 
$3.56 $0.00 
$1.08 $0.00 
$2.37 $0.00 
$2.67 $0.00 

Esc I. 
(Real) 
(¾/yr) 

0.0¾ 
0.0¾ 
0.0¾ 
0.0¾ 
0.0¾ 

3. Scheduled and unscheduled outage estimates are from Batte I le(82b) Table 3.4. Batte I le uses an 87¾ avai labi I ity; 
the avai labi I ity shown here is calculated using EPRI methods. A conservative avai labi I ity of 80¾ is used in the 
resource assessment of this plan. 

4. From Batte I le(82b) Table 3.4. 

5. Constant energy output is assumed here. Actual output might vary seasonally due to avai labi I ity of fuel. 

6. Based on 26 months from Batte I le(82a) Figure 6.2; rounded to two years for modeling purposes. 

7. S-shaped symmetrical payout. 

8. Annual cost of one engineering staff, as estimated by the Northwest Power Planning Counci I 
Coal Options Task Force. 

9. Sales tax is not included in cost estimates. 

10. Project contingency is 15¾ of total direct costs (TDC) and indirect construction costs (ICl); from NWPPC(89a) T.9. 

11. Owners costs are 4¾ of total direct costs and other indirect costs (ICl-3); from PNUCC(84). 

12. Transmission costs assumed to be $0.76/kW/mi le, $1990 (Rounded from IP89-36 T. 3-6). 

13. Fixed operating and maintenance costs are from NWPPC(89a) T.9, as fol lows ($1989/kW): 

Power Plant Operations 
Fuel hand I ing Operations 
Pollution Control Operations 
Power Plant Maintenance 
Fuel Hand I ing Maintenance 
Pollution Control Maintenance 

Total Fixed Operation and Maintenance Costs 

14. Variable operating and maintenance costs are from NWPPC(89a) T.9, as fol lows (1989 mi I ls/kWh): 

Waste Disposal 

$20.09 
$5.74 
$2.87 
$8.63 
$2.84 
$2.84 

$42.91 
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ll-SEP-91 Northwest Power Planning Counci I Representative Power Plant 
2 5 M W W O O D R E S I D U E P O W E R P L A N T 

(Direct-fired Steam-electric) 
January 1990 Base Year 

Maintenance Labor 

Total Variable Operation and Maintenance Costs 

15. Consumables costs are from NWPPC(89a) T.9, as fol lows (1989 mi I ls/kWh): 

R E F E R E N C E S 

Water Consumption and Treatment 
Chemicals 

Total Consumables Costs 

Batte I le (82a): Batte I le, Pacific Northwest Laboratories. Development and Chararacterization of Electric 
Power Conservation and Supply Resource Planning Options. Prepared for the Northwest Power Planning 
Counci I. August, 1982. 

Batte I le (826): Batte I le, Pacific Northwest Laboratories. Assessment of Electric 
Power Conservation and Supply Resources - Volume V: Biomass. Prepared for the Northwest Power Planning 
Counc i I . August, 1982. 

BPA (1983): Bonnevi I le Power Administration. Comparative Electric Generation Study, Volume I. Prepared 
for Bonnevi I le Power Administration by Kaiser Engineers Power Corporation. January, 1983. 

Ebasco(84): Ebasco Services Incorporated. Seattle City Light Conceptual Study for Wood Residue-fired 
Power Plants. October, 1984. 

0.2 

3.3 

0.0 
0.3 

0.4 

Henriques(84b): Letter from R. E. Henriques, Washington Water Power Company to J.C. King, Northwest Power Planning 
Council, dated July 17, 1984. 

HW: Handy-Whitman Index of Pub I ic Uti I ity Construction Costs 

NWPPC(91): Northwest Power Planning Counci I. Memorandum from Terry Morlan to Power Division Staff, Deflators 
for the 91 Power Plan. January 4, 1991. 

NWPPC(90): Northwest Power Planning Counci I. Biomass Fuels (Decision Memo of January 2, 1990). 

NWPPC(89a): Northwest Power Planning Counci I. Biomass Resources (Staff Issue Paper 89-41). 
Prepared by James D. Kerstetter of the Washington State Energy office for the Northwest Power Planning 
Counci I. October 1989. 

NWPPC(89b): Northwest Power Planning Counci I. Geothermal Resources (Staff Issue Paper 89-36). 
Prepared by John D. Geyer through a contract with the Washington State Energy office for the Northwest Power Planning 
Counci I. October 1989. 
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ll-SEP-91 Northwest Power Planning Counci I Representative Power Plant 
1 0 M W M U N I C I P A L S O L I D W A S T E P O W E R P L A N T 

(Mass Burn) 

G E N E R A L 

Type 
Conf guration: 
Site 

Pr i ma r y Fu e I : 

P L A N T 

Heat Value (Btu/lb, HHV) 
Delivery 
Inventory (days) 
Fixed Cost ($/kW/yr) 
Variable Cost ($/MMBtu) 

A I tern ate Fue I : 
Heat Value (Btu/lb, HHV) 
De I i very 
Inventory (days) 
Fixed Cost ($/kW/yr) 
Variable Cost ($/MMBtu) 

Environmental Controls: 
Heat Rejection 
Air Emission Controls 

Grid Interconnection: 
Configuration 
Distance (mi) 

D E S C R I P T I O N 

P L A N T P E R F O R M A N C E 

Net Capacity and Heat Rate: 

Maximum Sustainable Capacity 
Rated Capacity 
Minimum Sustainable Capacity 

Availability: 
Routine Inspection and Maintenance (days/year) 
Major Inspection and Overhaul (days/frequency) 
Average Planned Outage (days/year) 
Other Planned and Unplanned Outages (%) 
Equivalent Annual Avai labi I ity (¾) 

Service life (years) 

January 1990 Base Year 

Mass-burn steam-electric 
One 10MW unit 
Not specified 

Municipal Sol id Waste 
4600 
Truck 
None 
$0.00 
-$7.01 

None 
n/a 
n/a 
None 
n/a 
n/a 

Mechanical draft cooling towers 
Not specified 

Not specified 
Not specified 

Capacity (MW) 
-------------
Not specified 

10 
Not specified 

Not Specified 
Not Specified 
21 
7.0% 
87.6¾ 

30 

Heat Rate (Btu/kWh) 
-------------
Not specified 

20000 
Not specified 

Note 1 

Note 2 

Note 3 
Note 3 
Note 3 

Note 4 
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11-SEP-91 Power Plant 
1 0 M W 

Northwest Power Planning Counci I Representative 
M U N I C I P A L S O L I D W A S T E P 0 

(Mass Burn) 
W E R P L A N T 

January 1990 Base Year 

P L A N T P E R F O R M A N C E (CONT IN U ED) 

Energy production potential by month (Percent of annual total): 

Jan 
Feb 
Mar 
Apr 
May 
Jun 
Jul 
Aug 
Sep 
Oct 
Nov 
Dec 

D E V E L O P M E N T S C H E D U L E S 

Siting and Licensing (months) 
Equipment Procurement and Construction (months) 
Construction Cash Flow (¾ by year) 

S I T I N G &, L I C E N S I N G C O S T S 

Account Acct. Source ------- --------------------------Siting&, Licensing Sll 
SL2 

4¾ TPC, Batte I I e (82a) p.6.30 

SL3 
SL4 
SL6 
SL6 

Total Siting&, Lie. TSL 

0 P T I O N H O L D C O S T S 

Account Acct. Source 
------------------- ----- --------------------------Project Management OHl Note 8 
Siting Counci I Fees OH2 $0.04/kW/yr, Henriques(84~ 
Environment•I B•s• Ii n• OH3 $0.14/kW/yr, Henriques(84 
Land Option OH4 N/A, land is purchased. 
Owner's Indirects OHS 11% OHl-4, Henriques(84) 

Total Annual Hold Costs THC 

8.3¾ 
8.3¾ 
8.3¾ 
8.3¾ 
8.3¾ 
8.3¾ 
8.3¾ 
8.3¾ 
8.3¾ 
8.3¾ 
8.3¾ 
8. 3% 

27 
36 

26/50/26 

Price 
Year 
-------
1/90 

Price 
Year 
-------

1/86 
1/84 
1/84 
n/a 
1/90 

Price Yr 
Estimate 

(MM$) 
-------

2.046 
0.000 
0.000 
0.000 
0.000 
0.000 

Price Yr 
Estimate 

(MM$) 
-------

0.060 
0.000 
0.001 
0.000 
0.007 

Esc I. Price Yr Base Yr 
Index Index Index 

------- ------- -------
n/a 100 100 
n/a 100 100 
n/a 100 100 
n/a 100 100 
n/a 100 100 
n/a 100 100 

Esc I. Price Yr Base Yr 
Index Index Index 

------- ------- -------
GNP 1.124 1.288 
GNP 1.068 1.288 
GNP 1.068 1.288 
n/a 100 100 
n/a 100 100 

Note 6 

Note 6 
Note 6 
Note 7 

Base Yr. Base Yr. 
Estimate Estimate 

(MM$) ($/kW) 
------- -------

2.046 $204 
0.000 $0 
0.000 $0 
0.000 $0 
0.000 $0 
0.000 $0 

2.046 $204 

Base Yr. Base Yr. 
Estimate Estimate 

(MM$) ($/kW) 
------- -------

0.067 $5.73 
0.000 $0.06 
0.002 $0.17 
0.000 $0.00 
0.007 $0.65 

0.066 $6.60 
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ll-SEP-91 

P L A N T C O S T S 

Account 
-------
Direct Costs: 

Land Acquisition 
Plant Construction 

Total Direct Cost 

Indirect Costs: 

Contractor O&P 
Engineering 
Construction Management 
Contingency 
Owner's Cost 

Total Indirect Cost 

Burdened Costs: 

Switchyard 
Trans. Interconnect 
Spares 
Prepaid royalties 
SE Impact Mitigation 

Total Burdened Cost 

Total Plant Cost 

Northwest Power Planning Counci I Representative Power Plant 
1 0 M W M U N I C I P A L S O L I D W A S T E P O W E R P L A N T 

(Mass Burn) 

Source 

January 1990 Base Year 

Price 
Year 

Price Yr 
Estimate Escl. Price Yr 

(MM$) Index Index 

Base Yr. Base Yr. 
Base Yr Estimate Estimate 

Index (MM$) ($/kW) Acct. 

(Note 9) 
-------------------------- ------- ------- ------- ------- ------- ------- -------

DCl 
DC2 
DC3 
DC4 
DC5 
DC6 
DC7 
DC8 
DC8 
DC9 

TDC 

ICl 
IC2 
IC3 
IC4 
IC5 
IC6 

TIC 

BCl 
BC2 
BC3 
BC4 
BC5 
BC6 

TBC 

TPC 

Inc. in Sll 
Batte I le(82b), p.4.8 

Included in direct costs 
Included in direct costs 
Included in direct costs 
Included in direct costs 
Included in direct costs 

Inc. in directs 
Inc. in di rec ts 
Inc. in di rec ts 
Inc. in directs 
Inc. in directs 

TDC+ TIC+ TBC 

n/a 
1/80 
n/a 
n/a 
n/a 
n/a 
n/a 
n/a 
n/a 
n/a 

Base 

n/a 
n/a 
n/a 
n/a 
n/a 

n/a 
n/a 
n/a 
n/a 
n/a 
n/a 

0.000 
33. 200 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

Percent 

0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

n/a 
HW6 
n/a 
n/a 
n/a 
n/a 
n/a 
n/a 
n/a 
n/a 

n/a 
n/a 
n/a 
n/a 
n/a 

n/a 
n/a 
n/a 
n/a 
n/a 
n/a 

100 
202 
100 
100 
100 
100 
100 
100 
100 
100 

100 
100 
100 
100 
100 

100 
100 
100 
100 
100 
100 

100 
311 
100 
100 
100 
100 
100 
100 
100 
100 

100 
100 
100 
100 
100 

100 
100 
100 
100 
100 
100 

0.000 
51.115 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

51.115 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 

51.115 

$0 
$5,111 

$0 
$0 
$0 
$0 
$0 
$0 
$0 
$0 

$5,111 

$0 
$0 
$0 
$0 
$0 
$0 

$0 

$0 
$0 
$0 
$0 
$0 
$0 

$0 

$5,111 
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11-SEP-91 Power Plant 
1 0 M W 

Northwest Power 
M U N I C I P A 

Planning Counci I Representative 
L S O L I D W A S T E P 0 

(Mass Burn) 
W E R P L A N T 

January 1990 Base Year 

P R E P R O D U C T I O N C A P I T A L C O S T S 

Account 
-------
Fue I inventory: 

Primary Fuel Inventory 
Secondary Fuel Inventory 

Acct. 

Fil 
FI2 

Total Fuel Inventory CostTFI 

Startup Costs: 

Fixed O&.M 
Variable O&,M 
Fixed Fuel 

Source Qty. Units 

0 days 
0 days 

days 
days 
days 
days Variable Fuel 

Equip. Modification 

SUl 
SU2 
SUl 
SU3 
SU4 

EPRI standard assumption 
EPRI standard assumption 
EPRI standard assumption 
EPRI standard assumption 
EPRI standard assumption 

30 
30 

7 
7 

2.0,: percent total plant cost 

Total Startup Cost: TSU 

Total Preproduction Cost TPPC TFI + TSU 

C A P I T A L C O S T S U M M A R Y 

Siting&, Licensing 
Plant Construction 
Preproduction 

Total Overnight Capital Costs 

0 P E R A T I N G C O S T S 

Price Price Yr Esc I. Price Yr 
Account Acct. Source Year Estimate Index Index ------------------- ----- -------------------------- ------- ------- ------- -------
Fixed O&,M ($/kW/yr) OCl Batte I le(82b) T.4-8 1/80 $220.00 GNPD 84 
Var. O&.M (m/kWh) OC2 Inc. in OCl n/a 0.0 GNPD 84 
Consumables (m/kWh) OC3 Inc. in OCl n/a 0.0 GNPD 84 
Byproduct Credit (m/kWh) OC4 Inc. in OCl n/a 0.0 GNPD 84 
Cap. Rep. ($/kW/yr) OC5 Batte I le(82b) T.4-8 n/a $62.00 GNPD 84 
Decomissioning ($/kW/yr) OC6 From Coal Costsheets 1/90 $1.65 n/a 100 

Base Yr 
Index 

-------
128.8 
128.8 
128.8 
128.8 
128.8 

100 

Base Yr. Base Yr. 
Estimate Estimate 

(MM$) 
-------

0.000 
0.000 

0.000 

0.357 
0.000 
0.000 

-0.236 
1.022 

1.143 

1.143 

2.045 
51.115 

1.143 

54.303 

Base Yr 
Estimate 
-------

$337.33 
0.0 
0.0 
0.0 

$95.07 
$1.65 

($/kW) 
-------

$0 
$0 

$0 

$36 
$0 
$0 

-$24 
$102 

$114 

$114 

$204 
$5,111 

$114 

$5,430 

;,, 
m .,, 
~ 
(/) 

m z 
~ 
< m 

I ~ ~ r .,, 
0 
:E 
tT1 
;,, 

I i 

~ .,, 
m z 
Cl 
;;:: 
00 

>-



e; 
0 

:0 
'° 
z 
0 
:'.l 
::i: 
:::; 

~ .,, 
0 
:::; 
tii :,, .,, 
~ 
I 

6 r 
C: 
:::: 
tii 

ll-SEP-91 Northwest Power Planning Counci I Representative Power Plant 
1 0 M W M U N I C I P A L S O L I D W A S T E P O W E R P L A N T 

(Mass Burn) 
January 1990 Base Year 

N O T E S 

1. Typical tipping fee. From NWPPC, 1989, escalated to 1990 dollars using GNP deflator: 

2. Heat rate from Batte I le(82b), Table 3.4. 

Tip Fee 
($1988) 
$6.50 

GNPD 
(1/88) 
119.40 

GNPD 
(1/90) 
128.80 

Tip Fee 
($1990) 
$7.01 

3. Scheduled and unscheduled outage estimates are from Batte I le(82b). Batte I le uses an 87% avai labi I ity; the avai labi I ity 
shown here is calculated using EPRI methods. A conservative avai labi I ity of 80% is used in the resource assessment 
of this plan. 

4. From Batte I le(82b), Table 3.4. 

6. Actual energy production potential may exhibit a summertime peak. 

6. From Batte I le(82a) Figure 5.3. Siting and I icensing may take much longer than shown. 

7. S-shaped, symmetrical payout. 

8. Annual cost of one engineering staff, as estimated by the Northwest Power Planning Counci I 
Coal Options Task Force. 

9. Sales tax is excluded from cost estimates. 

R E F E R E N C E S 

Batte I le (82a): Batte I le, Pacific Northwest Laboratories. Development and Chararacterization of Electric 
Power Conservation and Supply Resource Planning Options. Prepared for the Northwest Power Planning 
Counc i I. August, 1982. 

Batte I le (826): Batte I le, Pacific Northwest Laboratories. Assessment of Electric 
Power Conservation and Supply Resources - Volume V: Biomass. Prepared for the Northwest Power Planning 
Counc i I • August, 1982. 

Henriques(84): Letter from R. E. Henriques, Washington Water Power Company to J.C. King, Northwest Power Planning 
Council, dated July 17, 1984. 

HW: Handy-Whitman Index of Pub I ic Uti I ity Construction Costs 
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11-SEP-91 Northwest Power Planning Counci I Representative Power Plant 

2 X 1 3 9 M W S I M P L E - C Y C L E C O M B U S T I O N T U R B I N E 

January 1990 Base Year 

D E S C R I P T I O N P L A N T 

Type: 

Configuration: 
Site: 

Simple-cycle gas turbine generator power plant 

Two 146 MW GE MS7001F GTGs 

Primary Fuel: 
Heat Value (Btu/lb, HHV) 
Delivery 
Inventory (days) 
Fixed Cost ($/kW/yr) 
Variable Cost ($/MMBtu) 

Alternate Fuel: 
Heat Value (Btu/lb, HHV) 
De I i very 
Inventory (days) 
Fixed Cost ($/kW/yr) 
Variable Cost ($/MMBtu) 

Env i ronmenta I Contro Is: (Note 14) 
Heat Rejection 
Air Emission Controls 

Grid Interconnection: 
Configuration 
Di stance (mi) 

P L A N T P E R F O R M A N C E 

SOx: 
NOx: 

Net Capacity and Heat Rate (Higher Heat Value of fuel): 

35F ambient air temperature 
59F ambient air temperature 
88F ambient air temperature 

Avai labi I ity: 
Routine Inspection and Maintenance (days/year) 
Major Inspection and Overhaul (days/frequency) 
Average Annual Maintenance and Outage (days/year) 
Other Planned and Unplanned Outages (~) 
Equivalent Annual Avai labi I ity (%) 

Service life (years) 

Hermiston, Oregon 

Natural gas 
1000 
Pipe Ii ne 
None 
$0.00 
$3.16 

Disti I late fuel oi I 
19430 
Truck, barge, pipeline or rail 
14 
$0.00 
$4.87 

Direct to atmosphere 
Low-sulfur fuel oi I 
Water injection 

230kV, single circuit 
10 

Capacity (MW) 

304.6 
278.5 
246.4 

30 

Heat Rate (Btu/kWh) 

11228 
11596 
12101 

90 days Q five-year intervals 
42 
4.0~ 
85.0% 

30 

Note 1 
Note 1 
Note 1 

Note 2 
Note 2 
Note 2 
Note 2 
Note 2 

Note 3 
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11-SEP-91 Northwest Power Planning Counci I Representative Power Plant 

2 X 1 3 9 M W S I M P L E - C Y C L E C O M B U S T I O N T U R B I N E 

January 1990 Base Year 

P L A N T P E R F O R M A N C E (CONT IN U ED) 

Energy production potential by month (Percent of annual total): 

Jan 
Feb 
Mar 
Apr 
May 
Jun 
Jul 
Aug 
Sep 
Oct 
Nov 
Dec 

D E V E L O P M E N T S C H E D U L E S 

Siting and Licensing (mo nths) 
Equipment Procurement and Construction (months) 
Construction Cash Flow (% by year) 

S I T I N G & L I C E N S I N G C O S T S 

Account 
-- -- ---
Land Opt i on 
Feasibi I i ty Studies 
Env . Baseline, Licenses 

Total Siting & L i e. 

0 P T I O N H O L D 

Account 
-------------------
Project Management 
Siting Coun ci l Fees 
Environmental Basel i ne 
Land Option 
Owner's Indirects 

Acct. 

Sll 
SL2 
SL3 
SL4 
SL5 
SL6 

TSL 

C O S T S 

Acct. 
-----
OHl 
OH2 
OH3 
OH4 
OH6 

Total Annual Hold Costs THC 

Source 
------ ------------ --------

Batte I I e (82) 157. of DCl 
Batte I I e (82) 1% of TPC 
Included i n SL2 

Source 
--------------------------

Note 7 
$0.04/kW/yr, Henriques(84) 
$0.14/kW/yr, Henriques(84) 
Note 8 
11,; OHl-4, Henr i ques(84) 

9.0% 
8.8% 
8.67. 
8.3% 
8 . 1% 
7.9% 
7.67. 
7 . 7% 
8.0% 
8 . 37. 
8.7% 
8.9% 

24 
24 

48/62 

Price 
Year 
- --- ---

1/90 
1/90 
n/a 

Price 
Year 
-------

1/86 
1/84 
1/84 
1/90 
1/90 

Price Yr 
Estimate 

(MM$) 
--- ----

0.069 
1. 713 
0 . 000 
0 . 000 
0.000 
0.000 

Price Yr 
Estimate 

(MMS) 
-------

0.050 
0.011 
0.039 
0.069 
0 . 021 

Esc I. Price Yr Base Yr 
Index Index Index 

------- - --- --- ------ -
n/a 100 100 
n/a 100 100 
n/a 100 100 
n/a 100 100 
n/a 100 100 
n/a 100 100 

Esc I. Pr i ce Yr Base Yr 
Index Inde x Index 

------- ------- -------
GNP 1.124 1 . 288 
GNP 1.058 1.288 
GNP 1.058 1.288 
n/a 100 100 
n/a 100 100 

Note 4 

Notes 6, 17 
Note 5 
Note 6 

Base Yr . Base Yr . 
Estimate Estimate 

(MM$) ($/kW) 
---- -- - -------

0.069 $0 
1 . 713 $6 
0.000 $0 
0.000 $0 
0 . 000 $0 
0.000 $0 

1.782 $6 

Base Yr . Base Yr. 
Estimate Estimate 

(MM$) ($/kW) 
------- -------

0 . 067 $0.21 
0.014 $0.05 
0 . 047 $0 . 17 
0 . 069 $0 . 26 
0.021 $0 . 07 

0.208 $0.75 
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I -------------------< Direct Costs: 0 r 

C: 
s:: Land m 
= Power Generation 

General Faci I ities 
Fuel Oi I System 
Cats and Chemicals 

Total Direct Cost 

Indirect Costs: 

Contractor O&.P 
Engineering 
Construction Management 
Contingency 
Owner's Cost 

Total Indirect Cost 

Burdened Costs: 

Switchyard 
Trans. Interconnect 
Spares 
Prepaid royalties 
Impact Mitigation 
Fuel Supply 

Total Burdened Cost 

Total Plant Cost 

°' Ci 

Northwest Power Planning Counci I Representative Power Plant 

X 1 3 9 M W S I M P L E - C Y C L E C O M B U S T I O N T U R B I N E 

January 1990 Base Year 

Price Yr 
Price Estimate Esc I. Price Yr Base Yr 

Acct. Source Year (MM$) Index Index Index 
----- -------------------------- ------- ------- ------- ------- -------
(Note 9) 

DCl Fluor(88) T.6-8 (20A) 1/86 0.400 GNPD 112 .4 128.8 
DC2 FI uor (88) T.5-1,2 1/88 76.069 HW30 276 346 
DC3 Fluor(88) T.5-1,2 1/88 39.587 HW7 260 276 
DC4 Note 15 11/85 5.039 HW29 256 306 
DC5 Fluor(88) T.5-1,2 1/88 0.048 HW14 301 324 
DC6 0.000 n/a 100 100 
DC8 0.000 n/a 100 100 
DC9 0.000 n/a 100 100 
DC10 0.000 n/a 100 100 

TDC 

!Cl Included n direct costs. n/a 0.000 n/a 100 100 
IC2 Included n direct costs. n/a 0.000 n/a 100 100 
IC3 Included n direct costs. n/a 0.000 n/a 100 100 
IC4 Fluor(88) T.5-2, 10% TDC 1/90 14.392 n/a 100 100 
ICS PNUCC(84), 4% of TDC+IC4 1/90 6.332 n/a 100 100 
IC6 0.000 n/a 100 100 

TIC 

BCl Included in direct costs. n/a 0.000 n/a 100 100 
BC2 BPA, 10mi 230kV sgl ckt 1/87 2.570 HW33 252 297 
BC3 Fluor(88) T.6-8 (0. 5% TPC) 1/90 0.857 n/a 100 100 
BC4 Fluor(88) T.6-8 (None)) n/a 0.000 n/a 100 100 
8C5 1% of TPC (Note 16) 1/90 1.713 n/a 100 100 
BC6 2 mi pipe Ii ne, $0.5/mi 1/88 1.000 GNPD 119.4 128.8 

TBC 

TPC TDC+ TIC+ TBC 

Base Yr. Base Yr. 
Estimate Estimate 

(MM$) ($/kW) 
------- -------

0.458 $2 
95.362 $342 
42.023 $151 
6.023 $22 
0.052 $0 
0.000 $0 
0.000 $0 
0.000 $0 
0.000 $0 

143.918 $517 

0.000 $0 
0.000 $0 
0.000 $0 

14.392 $52 
6.332 $23 
0.000 $0 

20.724 $74 

0.000 $0 
3.029 $11 
0.857 $3 
0.000 $0 
1.713 $6 
1.079 $4 

6.677 $24 

171.320 $615 
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11-SEP-91 Northwest Power Planning Counci I Representative Power Plant 

2 X 1 3 9 M W S I M P L E - C Y C L E C O M B U S T I O N T U R B I N E 

January 1990 Base Year 

P R E P R O D U C T I O N C A P I T A L C O S T S 

Account 
-------
Fue I inventory: 

Primary Fuel Inventory 
Secondary Fuel Inventory 

Acct. 

Fll 
FI2 

Total Fuel Inventory CostTFI 

Startup Costs: 

Fixed O&M SUl 
Variable O&M SU2 
Fixed Fuel SUl 
Variable Fuel SU3 
Equip. Modification SU4 

Total Startup Cost: TSU 

Total Preproduction Cost TPPC 

Source 

EPRI standard assumption 
EPRI standard assumption 
EPRI standard assumption 
EPRI standard assumption 
EPRI standard assumption 

TFI + TSU 

C A P I T A L C O S T S U M M A R Y 

Siting&, Licensing 
Plant 
Preproduction 

Total Overnight Capital Costs (Note 1 7) 

0 P E R A T I N G C O S T S 

Account Acct. Source 
------------------- ----- --------------------------
Fixed O&M ($/kW/yr) OCl Note 10 
Var. O&M (m/kWh) OC2 Note 11 
Consumables (m/kWh) OC3 Note 12 
Byproduct Credit (m/kWh) OC4 None 
Cap. Rep. ($/kW/yr) OC5 Included in OCl 
Decomissioning OC6 Note 13 

Qty. 

0 
14 

30 
30 

7 
7 

2.0% 

Price 
Year 
-------

1/88 
1/88 
1/88 
n/a 
n/a 
n/a 

Units 

days 
days 

days 
days 
days 
days 

percent total plant cost 

Price Yr Esc I. Price Yr 
Estimate Index Index 
------- ------- -------

2.01 GNPD 119.4 
0 .12 GNPD 119.4 
0.02 GNPD 119.4 
0.00 n/a 100 

$0.00 n/a 100 
$0.00 n/a 100 

Base Yr 
Index 

-------
128.8 
128.8 
128.8 

100 
100 
100 

Base Yr. Base Yr. 
Estimate Estimate 

(MM$) 
-------

0.000 
5.284 

5.284 

0.050 
0.029 
0.000 
1.714 
3.426 

5.220 

10.504 

1.782 
171. 320 

10.504 

183.606 

Base Yr 
Estimate 
-------

$2 .17 
0 .1 
0.0 
0.0 

$0.00 
$0.00 

($/kW) 
-------

$0 
$19 

$19 

$0 
$0 
$0 
$6 

$12 

$19 

$38 

$6 
$615 

$38 

$659 
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11-SEP-91 Northwest Power Planning Counci I Representative Power Plant 

2 X 1 3 9 M W S I M P L E - C Y C L E C O M B U S T I O N T U R B I N E 

January 1990 Base Year 

N O T E S 

1. From Fluor(88) 1 Table 3-2, as corrected by Fluor(89), Table 1. 

2. Avai labi I ity assumptions are from 1986 Power Plan (NWPPC(86)). 

3. Expected physical I ife when operated primarily for backing-up non-firm hydropower and with major overhauls 
at ten-year intervals. 

4. Seasonality is due to ambient air temperature effects on combustion turbine output. From Figure 3.1 of BPA(86) 
using mean monthly temperature of Ari ington, Oregon from NOAA(82). 

5. Based on Puget Sound Power and Light construction experience with the Fredonia plant, as reported in PNUCC(84). 

6. From Fluor(88) Table 5-4, adjusted to the nearest year. 

7. Annual cost of one engineering staff, as estimated by the Northwest Power Planning Counci I 
Coal Options Task Force. 

8. Annual land option hold cost is estimated to be 157. of total land cost, based on Washington Water Power experience 
at the Creston site. 

9. Cost estimates exclude sales tax. 

10. Fixed O&M costs (1988$): 

Standby maintenance material, Fluor(88) T.6-3 
12 mo. base load operating labor, Fluor(88) T.6-4 
12 mo. base load maintenance labor, Fluor(88) T.6-4 
12 mo. base load admin & support labor, Fluor(88) T.6-4 

Subtotal: 
General and Administrative Costs (Home Office) (17%, PNL(85)) 

Total fixed O&M costs: 

11. Variable O&M costs (1988$): 

Incremental 12-month base load maintenance material • 
Subtotal variable costs 

General and Administrative Costs (Home Office) (177., PNL(85)) 
Total variable O&M costs 

• (Fluor(88) T.6-4 less T.6-3) 

12. Consumables costs (1988$): 

Water, catalyst & chemicals, Fluor(88) T.6-6 
Subtotal consumable costs 

General and Administrative Costs (Home Office) (17%, PNL(85)) 
Total consumable costs 

13. Salvage value is assumed to offset decomissioning costs. 

(1000$/y r) 

12.000 
175.000 
175.000 
116.000 
478.000 

81.260 
559.260 

(1000$/yr) 

251.000 
251.000 

42.670 
293.670 

(mi I Is/kWh) 

0 .103 
0 .103 
0.017 
0.120 

(mi I Is/kWh) 

0.013 
0.013 
0.002 
0.015 
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11-SEP-91 Northwest Power Planning Counci I Representative Power Plant 

2 X 1 3 9 M W S I M P L E - C Y C L E C O M B U S T I O N T U R B I N E 

January 1990 Base Year 

14. The environmental emissions for the representative plant, operating on natural gas fuel are 
as I isted below (35F rating temperature, from Fluor(88) T.4-1): 

SOx 
NOx 
co 
Particulates (to atmosphere) 
So I id waste 
Water discharge 

(lb/hr) 

2 
1290 

60 
20 

Not significant 
Not significant 

(T/MW/yr) 

0.03 
18.55 
0.86 
0.29 

"' 

"' 75 ppmv; can be reduced further by additional water injection. 

15. Fuel oi I system costs were not included in the plant design basis of Fluor(88). Fuel oi I system costs were 
obtained by sealing the estimates of auxi I I iary fuel oi I system costs of BPA(87). 

16. Based on Washington Water Power estimates for the Creston project. 

17. The capital costs and siting and licensing schedules shown exclude costs and schedule effects of preparing 
the site for eventual conversion to coal gasification. A "gasifier-ready" combustion turbine power plant 
would require additional environmental assessment and other I icensing activity to certify the site suitable 
for coal gasification; acquisition of additional land to accomodate the gasification plant and 
coal hand I ing and storage facilities; and common faci I ities sized to accomdate requirements of a gasification plant. 
The costs and schedule of a "gasifier-ready" combustion turbine power plant would differ from the base case as fol lows: 

R E F E R E N C E S 

Siting and Licensing Period (months) 
Siting and Licensing Cost ($/kW) 
Option Hold ($/kW/yr) 
Plant Costs ($/kW) 
Pre-production Costs ($/kW) 

48 
$62.00 

$2.53 
$619.00 

$38.00 

Batte I le (82): Batte I le, Pacific Northwest Laboratories. Development and Chararacterization of Electric 
Power Conservation and Supply Resource Planning Options. Prepared for the Northwest Power Planning 
Counc i I • August, 1982. 

BPA(87): Bonnevi I le Power Administration. Comparative Electric Generation Study, Coal-fired Power Plants. 
Prepared by Kaiser Engineers. October 1987. 

BPA(86): Bonnevi I le Power Administration. Comparative Electric Generation Study, Coal Gasification, 
Shel I Gasification-based Phasing Study. Prepared by Fluor Technology, Inc. November, 1986. 

Fluor(89); Fluor Daniel, Inc. Comparison and Reconci I iation of "Coal Gasification: Conversion of Medium Btu Gas 
to Electrical Energy, Shel I Gasification - based Phasing Study" and "Development of Combustion Turbine 
Capital and Operating Costs". Prepared for the Bonnevi I le Power Administration, Portland, Oregon. December 1989. 

Fluor(88): Fluor Daniel, Inc. Development of Combustion Turbine Capital and Operating Costs. Prepared for 
the Bonnevi I le Power Administration, Portland, Oregon. July 1988. 

NOAA(82): National Oceanic and Atmospheric Administration. Monthly Normals of Temperature, Precipitation 
and Heating and Cooling Degree Days: 1951-1980. 1982. 
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11-SEP-91 Northwest Power Planning Counci I Representative Power Plant 

2 X 1 3 9 M W S I M P L E - C Y C L E C O M B U S T I O N T U R B I N E 

January 1990 Base Year 

Henriques(84): Letter from R. E. Henriques, Washington Water Power Company to J.C. King, Northwest Power Planning 
Council, dated July 17, 1984. 

HW: Handy-Whitman Index of Pub I ic Uti I ity Construction Costs 

NWPPC(86): Northwest Power Planning Counci I. 1986 Northwest Conservation and Electric Power Plan. January 1986. 

PNL(85): Pacific Northwest Laboratory. Electric Energy Supply Systems: Description of Avai I able Technologies. 
February, 1985. 

PNUCC (84) : 
Data". 

Pacific Northwest Uti Ii ties Conference Committee. 
October 1984. 

"Working Paper, Development of Generic Resource 
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11-SEP-91 Northwest Power Planning Counci I Representative Power Plant 

1 x 4 2 0 M W C O M B I N E D - C Y C L E C O M B U S T I O N T U R B I N E 

January 1990 Base Year 

D E S C R I P T I O N P L A N T 

Type: Combined-cycle gas turbine generator power plant 
General Electric STAG 207F 

Configuration: 
Site: 

Primary Fuel: 
Heat Value (Btu/lb, HHV) 
De I i very 
Inventory (days) 
Fixed Cost ($/kW/yr) 
Variable Cost ($/MMBtu) 

A I tern ate Fue I : 
Heat Value (Btu/lb, HHV) 
De I i very 
Inventory (days) 
Fixed Cost ($/kW/yr) 
Variable Cost ($/MMBtu) 

Environmental Controls: (Note 15) 
Heat Rejection 
Air Emission Controls 

Grid Interconnection: 
Configuration 
Distance (mi) 

P L A N T P E R F O R M A N C E 

SOx: 
NOx: 

Net Capacity and Heat Rate (Higher Heat Value of fuel): 

35F ambient air temperature 
59F ambient air temperature 
88F ambient air temperature 

Availability: 
Routine Inspection and Maintenance (days/year) 
Major Inspection and Overhaul (days/frequency) 
Average Annual Maintenance and Outage (days/year) 
Other Planned and Unplanned Outages (%) 
Equivalent Annual Avai labi I ity (%) 

Service life (years) 

Two 148MW GE MS7001F GTGs; one 208MW steam TG 
Hermiston, Oregon 

Natural gas 
1000 
Pipe Ii ne 
None 
$0.00 
$3.18 

Disti I late fuel oi I 
19430 
Truck, barge, pipe I ine or rai I 
14 
$0.00 
$4.87 

Wet mechanical draft cooling towers 
Low-sulfur fuel oi I 
Water injection 

230kV, double circuit 
10 

Capacity (MW) 

452.2 
419.8 
377.7 

30 

Heat Rate (Btu/kWh) 

7500 
7820 
7810 

90 days Q five-year intervals 
42 
8.0% 
83.2% 

30 

Note 1 

Note 2 
Note 2 
Note 2 

Note 3 
Note 3 
Note 3 
Note 3 
Note 3 

Note 4 
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11-SEP-91 Northwest Power Planning Counci I Representative Power Plant 

1 x 4 2 0 M W C O M B I N E D - C Y C L E C O M B U S T I O N T U R B I N E 

January 1990 Base Year 

P L A N T P E R F O R M A N C E (CONT IN U ED) 

Energy production potential by month (Percent of annual total): 

Jan 
Feb 
Mar 
Apr 
May 
Jun 
Jul 
Aug 
Sep 
Oct 
Nov 
Dec 

D E V E L O P M E N T S C H E D U L E S 

Siting and Licensing (months) 
Equipment Procurement and Construction (months) 
Construction Cash Flow (% by year) 

S I T I N G & L I C E N S I N G C O S T S 

Account 
-------
Land Option 
Feasibi I ity Studies 
Env. Baseline, Licenses 

Total Siting & Lie. 

0 P T I O N H O L D 

Account 
-------------------
Project Management 
Siting Counci I Fees 
Environmental Base I i ne 
Land Option 
Owner's Indirects 

Acct. 

Sll 
SL2 
SL3 
SL4 
SL5 
SL6 

TSL 

C O S T S 

Acct. 
-----
OHl 
OH2 
OH3 
OH4 
OHS 

Total Annual Hold Costs THC 

Source 
--------------------------

Batte I I e (82) 15% of DCl 
Batte I le(82) 1% of TPC 
Included in SL2 

Source 
--------------------------

Note 8 
$0 .04/kW/yr, Henriques(84) 
$0.14/kW/yr, Henriques(84) 
Note 9 
11% OHl-4, Henriques(84) 

9.2% 
9.0% 
8.8% 
8.7% 
8.4% 
8.3% 
8 .1% 
8. rn 
8.3% 
8. 7% 
8.9% 
9.1% 

24 
36 

48/52 

Price 
Year 
-------

1/90 
1/90 
n/a 

Price 
Year 
-------

1/86 
1/84 
1/84 
1/90 
1/90 

Price Yr 
Estimate 

(MMS) 
-------

0.069 
3.044 
0.000 
0.000 
0.000 
0.000 

Price Yr 
Estimate 

(MM$) 
-------

0.050 
0.017 
0.059 
0.069 
0.024 

Esc I. Price Yr Base Yr 
Index Index Index 

------- ------- -------
n/a 100 100 
n/a 100 100 
n/a 100 100 
n/a 100 100 
n/a 100 100 
n/a 100 100 

Esc I. Price Yr Base Yr 
Index Index Index 

------- ------- -------
GNP 1.124 1.288 
GNP 1.058 1.288 
GNP 1.058 1.288 
n/a 100 100 
n/a 100 100 

Note 5 

Notes 6,18,19 
Note 7 
Note 7 

Base Yr. Base Yr. 
Estimate Estimate 

(MM$) ($/kW) 
------- -------

0.069 $0 
3.044 $7 
0.000 $0 
0.000 $0 
0.000 $0 
0.000 $0 

3.113 $7 

Base Yr. Base Yr. 
Estimate Estimate 

(MM$) ($/kW) 
------- -------

0.057 $0 .14 
0.020 $0.05 
0.072 $0.17 
0.069 $0.16 
0.024 $0.06 

0.242 $0.58 
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11-SEP-91 

1 x 4 2 0 M W 

P L A N T C O S T S 

Account Acct. 
-------

Northwest Power Planning Counci I Representative Power Plant 

C O M B I N E D - C Y C L E C O M B U S T I O N T U R B I N E 

Source 

January 1990 Base Year 

Price 
Year 

Price Yr 
Estimate 

(MM$) 

Base Yr. Base Yr. 
Escl. Price Yr Base Yr Estimate Estimate 
Index Index Index (MM$) ($/kW) -------------------------- ------- ------- ------- ------- ------- ------- -------

Direct Costs: (Note 10) 

Land 
Power Generation 
General Faci I ities 
Fuel Qi I Storage 
Cats and Chemicals 

Total Direct Cost 

Indirect Costs: 

Contractor O&.P 
Engineering 
Construction Management 
Contingency 
Owner's Cost 

Total Indirect Cost 

Burdened Costs: 

Switchyard 
Trans. Interconnect 
Spares 
Prepaid royalties 
Impact Mitigation 
Fuel Supply 

Total Burdened Cost 

Total Plant Cost 

DCl 
DC2 
DC3 
DC4 
DC5 
DC6 
DCB 
DC9 
DC10 

TDC 

!Cl 
IC2 
IC3 
IC4 
IC5 
IC6 

TIC 

BCl 
BC2 
BC3 
BC4 
BC5 
BC6 

TBC 

TPC 

Fluor(88) T.6-8 (20A) 
Fluor(88) T.5-1,2,3 
Fluor(88) T.5-1,2,3 
Note 16 
Fluor(88) T.5-1,2,3 

Included n d rect costs. 
Included n d rect costs. 
Included n d rect costs. 
Fluor(88) T.5-2, 107. TDC 
PNUCC(84), 4% of TDC+IC4 

Included in direct costs. 
BPA, 10mi 230kV dbl ckt 
Fluor(88) T.6-8 (0.6% TPC) 
Fluor(88) T.6-8 (None)) 
17. of TPC (Note 17) 
2 mi pipe I ine, $0.5/mi 

TDC+ TIC+ TBC 

1/86 
1/88 
1/88 
11/85 
1/88 

n/a 
n/a 
n/a 
1/90 
1/90 

n/a 
1/87 
1/90 
n/a 
1/90 
1/88 

0.400 
162.616 

56.013 
5.036 
0.083 
0.000 
0.000 
0.000 
0.000 

0.000 
0.000 
0.000 

25.735 
11.323 
0.000 

0.000 
3.710 
1.522 
0.000 
3.044 
1.000 

GNPD 
HW30 

HW7 
HW29 
HW14 
n/a 
n/a 
n/a 
n/a 

n/a 
n/a 
n/a 
n/a 
n/a 
n/a 

n/a 
HW33 
n/a 
n/a 
n/a 

GNPD 

112 .4 
276 
260 
256 
301 
100 
100 
100 
100 

100 
100 
100 
100 
100 
100 

100 
252 
100 
100 
100 

119.4 

128.8 
346 
276 
306 
324 
100 
100 
100 
100 

100 
100 
100 
100 
100 
100 

100 
297 
100 
100 
100 

128.8 

0.458 
191.323 

59.460 
6.020 
0.089 
0.000 
0.000 
0.000 
0.000 

257.350 

0.000 
0.000 
0.000 

25.735 
11. 323 
0.000 

37.058 

0.000 
4.373 
1.522 
0.000 
3.044 
1.079 

10.018 

304.426 

$1 
$456 
$142 

$14 
$0 
$0 
$0 
$0 
$0 

$613 

$0 
$0 
$0 

$61 
$27 

$0 

Sas 

$0 
$10 

$4 
$0 
$7 
$3 

$24 

$726 
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11-SEP-91 Northwest Power Planning Counci I Representative Power Plant 

1 x 4 2 0 M W C O M B I N E D - C Y C L E C O M B U S T I O N T U R B I N E 

January 1990 Base Year 

P R E P R O D U C T I O N C A P I T A L C O S T S 

Account 
-------
Fue I inventory: 

Primary Fuel Inventory 
Secondary Fuel Inventory 

Acct. 

Fil 
FI2 

Total Fuel Inventory CostTFI 

Startup Costs: 

Fixed O&M 
Variable O&M 
Fixed Fuel 
Variable Fuel 
Equip. Modification 

Total Startup Cost: 

SUl 
SU2 
SUl 
SU3 
SU4 

TSU 

Total Preproduction Cost TPPC 

Source 

EPRI standard assumption 
EPRI standard assumption 
EPRI standard assumption 
EPRI standard assumption 
EPRI standard assumption 

TFI + TSU 

C A P I T A L C O S T S U M M A R Y 

Siting & Licensing 
Plant 
Preproduction 

Total Overnight Capital Costs 

0 P E R A T I N G C O S T S 

Account 

Fixed O&M ($/kW/yr) 
Var. O&M (m/kWh) 
Consumables (m/kWh) 
Byproduct Credit (m/kWh) 
Cap. Rep. ($/kW/yr) 
Decomissioning 

Acct. 

OCl 
OC2 
OC3 
OC4 
OC5 
OC6 

(Notes 1,18,19) 

Source 

Note 11 
Note 12 
Note 13 
None 
Included in OCl 
Note 14 

Qty. 

0 
14 

30 
30 

7 
7 

2.0% 

Price 
Year 

1/88 
1/88 
1/88 
n/a 
n/a 
n/a 

Units 

days 
days 

days 
days 
days 
days 

percent total plant cost 

Base Yr. Base Yr. 
Estimate Estimate 

(MM$) ($/kW) 

0.000 $0 
5. 232 $12 

5.232 

0.200 
0 .112 
0.000 
1.697 
6.089 

8.098 

13.330 

3.113 
304.426 

13.330 

320.869 

S12 

$0 
$0 
$0 
$4 

$15 

$19 

$32 

$7 
$726 

$32 

$765 

Price Yr Escl. Price Yr Base Yr Base Yr 
Estimate Index Index Index Estimate 

5.38 
0.243 

0.1 
0.000 
$0.00 
$0.00 

GNPD 
GNPD 
GNPD 

n/a 
n/a 
n/a 

119.4 
119.4 
119.4 

100 
100 
100 

128.8 
128.8 
128.8 

100 
100 
100 

$5.81 
0.3 
0 .1 
0.0 

$0.00 
$0.00 
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11-SEP-91 Northwest Power Planning Counci I Representative Power Plant 

1 x 4 2 0 M W C O M B I N E D - C Y C L E C O M B U S T I O N T U R B I N E 

January 1990 Base Year 

N O T E S 

1. The base case power plant includes mechanical draft cooling towers. Arid sites may require dry 
condenser cooling. 

A dry condenser cooling system is estimated to cost three times the cost of a wet mechanical draft 
cooling system. This increases direct power plant costs by $11.8 mi I I ion. The fan load of a dry cooling 
system is estimated to be four times the fan load of a wet mechanical draft system, and the raw water pumping 
load of a dry cooling system is estimated to be one-fourth that of a wet system. The net effect 
on auxi I I iary loads would be an increase of 1.0 megawatt. The dry cooling system is assumed to 
be as effective as a wet system. 

The cost and performance effects of providing dry cooling are as fol lows: 

Net capacity, 59F ambient (MW) 
Heat rate at 59F ambient (Btu/kWh) 
Siting and Licensing ($/kW) 
Option Hold ($/kW//yr) 
Plant Costs ($/kW) 
Preproduction Costs ($/kW) 

418.6 
7637 

$8.00 
$0.58 

$760.00 
$33.00 

2. From Fluor(88), Table 3-2, as corrected by Fluor(89), Table 1. 

3. Avai labi I ity assumptions from 1986 Power Plan. See NWPPC(86) for derivation. 

4. Expected physical life when operated primarily for backing-up non-firm hydropower and with major overhauls 
at ten-year intervals. 

5. Seasonality is due to ambient air temperature effects on combustion turbine output. From Figure 3.1 of BPA(86) 
using mean monthly temperature of Arlington, Oregon from NOAA(82). 

6. Siting and I icensing period is based on Puget Sound Power and Light construction experience with the Fredonia plant, 
as reported in PNUCC(84). 

7. From Fluor(88) Table 5-4, rounded to the nearest year. 

8. 

9. 

10. 

11. 

Annual cost of one engineering staff, as estimated by the Northwest Power Planning Counci I 
Coal Options Task Force. 

Annual land option hold cost is estimated to be 15% of total land cost, based on Washington Water Power experience 
at the Creston site. 

Cost estimates exclude sales tax. 

Fixed O&M costs (1988$): 

Standby maintenance material, Fluor(88) T.6-3 
12 mo. base load operating labor, Fluor(88) T.6-4 
12 mo. base load maintenance labor, Fluor(88) T.6-4 
12 mo. base load admin & support labor, Fluor(88) T.6-4 

Subtotal: 
General and Administrative Costs (Home Office) (17%, PNL(85)) 

Total fixed O&M costs: 

(1000$/yr) 

24.000 
1165 .000 

525.000 
216.000 

1930.000 
328.100 

2258.100 
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11-SEP-91 Northwest Power Planning Counci I Representative Power Plant 

1 x 4 2 0 M W C O M B I N E D - C Y C L E C O M B U S T I O N 

Variable O&M costs (1988$): 
January 1990 Base Year 

(1000$/yr) 

Incremental 12-month base load maintenance material • 
Subtotal variable costs 

General and Administrative Costs (Home Office) (17~, PNL(85)) 
Total variable O&M costs 

• (Fluor(88) T.6-4 less T.6-3) 

Consumables costs (1988$): 

Water, catalyst & chemicals, Fluor(88) T.6-6 
Subtotal consumable costs 

General and Administrative Costs (Home Office) (17~, PNL(85)) 
Total consumable costs 

764.000 
764.000 
129.880 
893.880 

T U R B I N E 

(mi I Is/kWh) 

3.634 
3.634 
0.618 
0.243 

(mi I Is/kWh) 

0.086 
0.086 
0.015 
0.101 

14. Salvage value is assumed to offset decomissioning costs. 

15. The environmental emissions for the representative plant, operating on natural gas fuel are 
as I isted below (35F ambient temperature, from Fluor(88) T.4-1): 

SOx 
NOx 
co 
Particulates (to atmosphere) 
So I id waste 
Water discharge 

(lb/hr) 

2 
1290 

60 
20 

Not significant 
106212 

(T /MW/yr) 

0.02 
12.49 
0.58 
0.19 

1028.77 

• 75 ppmv; can be reduced further by additional water injection. 
••Cooling tower blowdown and storm water runoff. 

• 

•• 

16. Fuel oi I system costs were not included in the plant design basis of Fluor(88). Fuel oi I system costs were 
obtained by sealing the estimates of auxi I liary fuel oi I system costs of BPA(87). 

17. Based on Washington Water Power estimates for the Creston project. 

18. The capital costs and siting and I icensing schedules shown exclude costs and schedule effects of preparing 
the site for eventual conversion to coal gasification. A "gasifier-ready" combined-cycle power plant 
would require additional environmental assessment and other I icensing activity to certify the site suitable 
for coal gasification; acquisition of additional land to accomodate the gasification plant and 

19. 

coal handling and storage faci I ities; and oversized common faci I ities to accomdate requirements of a gasification plant. 
The costs and schedule of a "gasifier-ready" combustion turbine power plant are estimated to be as fol lows: 

Siting and Licensing Period (months) 
Siting and Licensing ($/kW) 
Option Hold ($/kW/yr) 
Plant Costs ($/kW) 
Preproduction Costs ($/kW) 

Base Case 

48 
$41. 00 

$1.76 
$729.00 

$32.00 

Arid Site 

48 
$41.00 

$1.76 
$764.00 

$33.00 

The schedules and costs shown are for a complete plant. The incremental I icensing schedule and costs 
of adding combined-cycle capabi I ity to an existing simple-cycle combustion turbine plant are provided below. 
The costs below are based on the net capacity shown. 
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11-SEP-91 Northwest Power Planning Counci I Representative Power Plant 

1 x 4 2 0 M W C O M B I N E D - C Y C L E C O M B U S T I O N T U R B I N E 

January 1990 Base Year 

Base Case 

Net Capacity, 59F ambient (MW) 
Siting and Licensing Period (Months) 
Siting and Licensing ($/kW) 

420 
12 

$3.00 
$0.39 

$321.00 
$11.00 

Arid Site 

419 
12 

$4.00 
$0.40 

$355.00 
$12.00 

Arid Site 
(Gasifier-ready) 

419 
12 

$4.00 
Option Hold ($/kW//yr) 
Plant Costs ($/kW) 
Pre-production Costs ($/kW) 

R E F E R E N C E S 

BPA(87): Bonnevi I le Power Administration. Comparative Electric Generation Study, Coal-fired Power Plants. 
Prepared by Kaiser Engineers. October 1987. 

BPA(86): Bonnevi I le Power Administration. Comparative Electric Generation Study, Coal Gasification, 
Prepared by Fluor Technology, Inc. November, 1986. Shel I Gasification-based Phasing Study. 

$0.40 
$361.00 

$12 .00 

Fluor(89): Fluor Daniel, Inc. Comparison and Reconciliation of "Coal Gasification: Conversion of Medium Btu Gas 
to Electrical Energy, Shel I Gasification - based Phasing Study" and "Development of Combustion Turbine 
Capital and Operating Costs". Prepared for the Bonnevi I le Power Administration, Portland, Oregon. December 1989. 

Fluor(88): Fluor Daniel, Inc. Development of Combustion Turbine Capital and Operating Costs. Prepared for 
the Bonnevi I le Power Administration, Portland, Oregon. July 1988. 

NOAA(82): National Oceanic and Atmospheric Administration. Monthly Normals of Temperature, Precipitation 
and Heating and Cooling Degree Days: 1951-1980. 1982, 

Henriques(84): Letter from R. E. Henriques, Washington Water Power Company to J.C. King, Northwest Power Planning 
Council, dated July 17, 1984. 

HW: Handy-Whitman Index of Pub I ic Uti I ity Construction Costs 

NWPPC(86): Northwest Power Planning Counci I. 1986 Northwest Conservation and Electric Power Plan. January 1986. 

PNL(85): Pacific Northwest Laboratory. Electric Energy Supply Systems: Description of Avai I able Technologies. 
February, 1985. 

PNUCC(84): 
Data". 

Pacific Northwest Uti Ii ties Conference Committee. 
October 1984. 

"Working Paper, Development of Generic Resource 
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10-SEP-91 Northwest Power Planning Counci I Representative Power Plant 

1 X 4 2 0 M W I N T E G R A T E D 

P L A N T 

Type: 

D E S C R I P T I O N 

Configuration: 

Site: 

Primary Fuel: 
Heat Value (Btu/lb, HHV) 
Delivery 
Inventory (days) 
Fixed Cost ($/kW/yr) 
Variable Cost ($/MMBtu) 

Alternate Fuel: 
Heat Value (Btu/scf HHV) 
De I i very 
Inventory (days) 
Fixed Cost ($/kW/yr) 
Variable Cost ($/MMBtu) 

Environmental Controls (Note 21): 
Heat Rejection 
Air Emission Controls: 

Grid Interconnection: 
Configuration 
Di stance (m·,) 

P L A N T P E R F O R M A N C E 

Net Capacity and Heat Rate: 

Maximum Sustainable Capac ty 

C O A L 

SOx: 
NOx: 

Rated Capacity (C 59F amb ent air temperature) 
Minimum Sustainable Capac ty 

Availability: 
Routine Inspection and Maintenance (days/year) 
Major Inspection and Overhaul (days/frequency) 
Average Annual Maintenance and Outage (days/year) 
Other Planned and Unplanned Outages (%) 
Equivalent Annual Avai labi I ity (7.) 

Service I ife (years) 

G A S I F I E R C O M B I N E D C Y C L E P O W E R p L A N T 

January 1990 Base Year 

Integrated gasifier-combined cycle power plant 
Shel I gasifier; GE STAG 207F combined-cycle power 
Three gasifier trains; two 146MW GE MS7001F GTGs; 

plant 

one 208 MW steam TG 
Hermiston, Oregon 

East Kootenay bituminous coal 
12000 
Ra i I 
90 
$0.00 
$1.50 

Natural gas (Note 1) 
1000 
Pipe Ii ne 
None 
$0.00 
$3.16 

Mechanical draft cooling towers (Note 1) 
Acid gas scrubbing & sulfur recovery 
Moisture-saturation of synthetic gas 

230kV, double circuit 
10 

Capacity (MW) Heat Rate (Btu/kWh) 
------------- -------------
451 9343 
419 9455 
Not available Not avai I able 

30 
90 days Q five-year intervals 
42 
9.0% 
80.5% 

30 

(Note 14) 
(Note 15) 

Note 2 
Note 2 

Note 3 
Note 3 
Note 3 
Note 4 

Note 5 
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10-SEP-91 Northwest Power Planning Counci I Representative Power Plant 

1 X 4 2 0 M W I N T E G R A T E D C O A L G A S I F I E R C O M B I N E D 

January 1990 Base Year 

P L A N T P E R F O R M A N C E (CONT IN U ED) 

Energy production potential by month (Percent of annual total): 

Jan 
Feb 
Mar 
Apr 
May 
Jun 
Jul 
Aug 
Sep 
Oct 
Nov 
Dec 

D E V E L O P M E N T S C H E D U L E S 

Siting and Licensing (months) 
Engineering, Equipment Procurement and Construction (months) 
Construction Cash Flow (7. by year) 

S I T I N G &. L I C E N S I N G C O S T S 

Account Acct. Source 
------------------- ----- --------------------------
Land Option SLl Batte I le(82) 15,: of DCl 
Easements&. ROW SL2 BPA(86b), Tl-1 
Owner's Costs SL3 BPA(86b) Tl-1 (1.57. TPC) 
Permits&. Licenses SL4 BPA(86b), Tl-1 
Geotechnical SL5 BPA(86b) Tl-1 (0. 12r. TPC) 
EIS SL6 BPA(86b), Tl-1 

Total Siting&. Lie. TSL 

0 P T I O N H O L D C O S T S 

Account Acct. Source 
------------------- ----- --------------------------
Project Management OHl Note 11 
Siting Counci I Fees OH2 $0.04/kW/yr, Henriques(84) 
Environmental Base I i ne OH3 $0.14/kW/yr, Henriques(84) 
Land Option OH4 Note 12 
Owner's Indirects OH5 117. OHl-4, Henriques(84) 

Total Annual Hold Costs THC 

9.07. 
8.87. 
8. 77. 
8.5r. 
8.3r. 
8.lr. 
7. gr, 
7.97. 
8. 17. 
8. 5,: 
8.87. 
8. 97. 

48 
39 

12/48/40 

Price 
Year 
-------

1/90 
1/86 
1/90 
1/86 
1/90 
1/86 

Price 
Year 
-------

1/86 
1/84 
1/84 
1/90 
1/90 

Price Yr 
Estimate Esc I. 

(MM$) Index 
------- -------

0.052 n/a 
1.190 GNPD 

13.052 n/a 
0.470 GNPD 
1.044 n/a 
0.500 GNPD 

Price Yr 
Estimate Esc I. 

(MM$) Index 
------- -------

0.050 GNP 
0.017 GNP 
0.059 GNP 
0.052 n/a 
0.022 n/a 

C Y C L E 

Price Yr 
Index 

-------
100 

112.4 
100 

112.4 
100 

112 .4 

Price Yr 
Index 

-------
1.124 
1.058 
1.058 

100 
100 

P O W E R P L A N T 

Base Yr 
Index 

-------
100 

128.8 
100 

128.8 
100 

128.8 

Base Yr 
Index 

-------
1.288 
1.288 
1.288 

100 
100 

Note 6 

Note 7 
Note 8 
Note 9 

Base Yr. Base Yr. 
Estimate Estimate 

(MM$) ($/kW) 
------- -------

0.052 $0 
1.364 $3 

13.052 $31 
0.539 $1 
1.044 $2 
0.573 $1 

16.623 $40 

Base Yr. Base Yr. 
Estimate Estimate 

(MM$) (S/kW) 
------- -------

0.057 $0.14 
0.020 $0.05 
0.071 $0.17 
0.052 $0.12 
0.022 $0.05 

0.223 $0.53 
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10-SEP-91 Northwest Power Planning Counci I Representative Power Plant 

1 X 4 2 0 M W I N T E G R A T E D C O A L G A S I F I E R C O M B I N E D C Y C L E 

P L A N T C O S T S 

Account 

Direct Costs: 

Land 
Power Generation (CCCT) 
General Faci I ities (CCCT) 
Gasifier Plant 
Cats&. Chemicals 
997. Sulfur Removal 
387. Fuel Gas Saturation 

Total Direct Cost 

Indirect Costs: 

Contractor O&.P 
Engineering 
Construction Management 
Contingency 
Owner's Cost 

Total Indirect Cost 

Burdened Costs: 

Switchyard 
Grid Intertie 
Spares 
Prepaid royalties 
Impact Mitigation 
Natural Gas Supply 

Total Burdened Cost 

Total Plant Cost 

January 1990 Base Year 

Acct. 

(Note 13) 

Source 

DCl 
DC2 
DC3 
DC4 
DC5 
DC6 
DC8 
DC9 
DC10 

TDC 

ICl 
IC2 
IC3 
IC4 
IC5 
IC6 

TIC 

BPA(86a), T.6-4 ($2000/A) 
Fluor(88), T.5-1,-2,-3 
BPA(86a), T.5-1,-2,-3 
BPA(86a), T.5-4 
BPA(86a), T.5-4 
Note 14 
Note 15 

Included n d rect costs. 
Included n d rect costs. 
Included n d rect costs. 
BPA(86a), T.5-4 
PNUCC(84), 47. of TDC+IC4 

Inc. in directs 
10mi 230kV dbl ckt (BPA) 
BPA(86a), T.6-4 
BPA(86a), T.6-4 
l¾ of TPC (Note 16) 

Price 
Year 

1/86 
1/88 
1/86 
1/86 
1/86 
1/90 
n/a 

n/a 
n/a 
n/a 
1/90 
1/90 

n/a 
1/88 
1/90 
1/90 
1/90 

BCl 
BC2 
BC3 
BC4 
BC5 
BC6 2 mi pipeline, $0.6/mi (BPA)l/88 

TBC 

TPC TDC+ TIC+ TBC 

Price Yr 
Estimate Escl. Price Yr 

(MM$) Index Index 

0.300 
162.616 

62.406 
386.108 

2.749 
14.378 

0.000 
0.000 
0.000 

0.000 
0.000 
0.000 

96.613 
32.680 
0.000 

0.000 
3.710 
4.236 
4.236 
9.204 
1.000 

GNPD 
HW30 

HW7 
HW9 

GNPD 
n/a 
n/a 
n/a 
n/a 

n/a 
n/a 
n/a 
n/a 
n/a 
n/a 

n/a 
HW33 
n/a 
n/a 
n/a 
n/a 

112.4 
276 
260 
277 

112 .4 
100 
100 
100 
100 

100 
100 
100 
100 
100 
100 

100 
262 
100 
100 
100 
100 

P O W E R P L A l'l T 

Base Yr. Base Yr. 
Base Yr Estimate Estimate 

Index (MM$) ($/kW) 

128.8 
346 
276 
326 

128.8 
100 
100 
100 
100 

100 
100 
100 
100 
100 
100 

100 
297 
100 
100 
100 
100 

0.344 
191. 323 

67.866 
461. 842 

3.160 
14.378 
0.000 
0.000 
0.000 

718. 892 

0.000 
0.000 
0.000 

96.613 
32.680 
0.000 

128.193 

0.000 
4.373 
4.236 
4.236 
9.204 
1.000 

23.048 

870.133 

$1 
$467 
$138 

Sl ,078 
$8 

$34 
$0 
$0 
$0 

Sl, 716 

$0 
$0 
$0 

$228 
$78 

$0 

$306 

$0 
$10 
$10 
$10 
$22 

$2 

$66 

$2,077 
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10-SEP-91 Northwest Power Planning Counci I Representative Power Plant 

1 X 4 2 0 M W I N T E G R A T E D C O A L G A S I F I E R C O M B I N E D C Y C L E 

January 1990 Base Year 

P R E P R O D U C T I O N C A P I T A L C O S T S 

Account Acct. 
------- -- ---------- -----
Fuel inventory: 

Primary Fuel Inventory Fil 
Secondary Fuel Inventory FI2 

Total Fuel Inventory CostTFI 

Startup Costs: 

Fixed O&M 
Var ia ble 0&.M 
Fixed Fuel 
Var i able Fuel 
Equip . Modification 

Total Startup Cost: 

SUl 
SU2 
SUl 
SU3 
SU4 

TSU 

Total Preproduction Cost TPPC 

Source 
--------------------------

(Note 1) 

EPRI standard assumption 
EPRI standard assumption 
EPRI standard assumption 
EPRI standard assumption 
EPRI standard assumption 

TFI + TSU 

C A P I T A L C O S T S U M M A R Y 

Siting & Licensing 
Plant 
Preproduction 

Total Overnight Capital Costs (Note 1) 

0 P E R A T I N G C O S T S 

Account Acct. Source 
------------------- ----- --------------------------Fixed O&.M ($/kW/yr) OCl Note 17 
Var . O&.M (m/kWh) OC2 Note 18 
Consumables (m/kWh) OC3 Note 19 
Byproduct Credit (m/kWh) OC4 Note 14 
Cap . Rep. ($/kW/yr) OC5 Inc . in OCl 
Decommissioning OC6 Note 20 

Qty. 
-------

Price 
Year 

90 
0 

30 
30 

7 
7 

2.07. 

-------
1/86 
1/86 
1/86 
1/86 
n/a 
1/90 

Units 
-------

days 
days 

days 
days 
days 
days 

percent total plant cost 

Price Yr Esc I. Price Yr 
Estimate Index Index 
------- ------- -------

54 . 610 GNPD 112.4 
0 . 140 GNPD 112.4 
0.785 GNPD 112.4 
0 . 204 GNPD 112.4 
$0.00 HW6 100 
$1.65 n/a 100 

P O W E R P L A N T 

Base Yr. Base Yr . 
Estimate Estimate 

(MM$) ($/kW) 
------- -------

12.831 $31 
0.000 $0 

12.831 $31 

2.212 $5 
0.249 $1 
0.000 $0 
0.998 $2 

17 . 403 $42 

20.862 $50 

33.693 $80 

Note 10 

16.623 $40 
870.133 $2,077 

33.693 $80 

920.449 $2,197 

Base Yr Base Yr 
Index Estimate 

------- -------
128.8 $62.58 
128.8 0.2 
128.8 0.9 
128.8 0 . 2 

100 $0.00 
100 $1.65 
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10-SEP-91 Northwest Power Planning Counci I Representative Power Plant 

1 X 4 2 0 M W I N T E G R A T E D C O A L G A S I F I E R C O M B I N E D C Y C L E P O W E R P L A N T 

January 1990 Base Year 

N O T E S 

1. The base case power plant includes mechanical draft cooling towers and natural gas as an alternate fuel. 
Arid, remote sites may require dry condenser cooling and disti I late fuel oi I alternate fuel. 

A dry condenser cooling system is estimated to cost three times the cost of a wet mechanical draft 
cooling system. This increases direct power plant costs by S18.3 mi I lion. The fan load of a dry cooling 
system is estimated to require four times the power of a wet mechanical draft system, and the raw water pumping 
load of a dry cooling system is estimated to be one-fourth that of a wet system. The net effect 
on auxi I I iary loads would be an increase of 1.5 megawatt. The dry cooling system is assumed to 
be as effective as a wet system. 

Storage for a 14-day supply of fuel oi I is estimated to increase direct power plant costs by $6.0 mi I lion. 
A 14-day inventory of fuel oi I at $4.87/MMBtu wi I I cost $6.5 mi I lion. 

The cost and performance effects of providing dry cooling and disti I late alternate fuel 
are provided below. 

Rated capacity (MW) 
Heat rate at rated capacity (Btu/kWh) 
Siting and Licensing ($/kW) 
Option Hold ($/kW//yr) 
Plant Costs ($/kW) 
Pre-production Costs ($/kW) 

418 
9486 

$41. 00 
$0.61 

$2,149.00 
$94.00 

2. Base case capac;ty s from BPA(86a), Table 2-3. Base case heat rate is from BPA(86a), Table 2-3, increased 27. 
to account for 997. sulfur removal (See Note 14). 

3. Scheduled avai labi I ity estimates are for simple- and combined-cycle combustion turbine power plants. The 
combustion turbine avai labi I ity is assumed to govern the overal I availability of 
the gasifier combined-cycle power plant. 

4. Estimated unscheduled outage rate. 

5. Estimated service life for the gas turbine units. 

6. Seasonality is due to ambient air temperature effects on combustion turbine output. Calculated using a least squares 
regression on power vs ambient temperature data of Table 2-3 of BPA(86a) using mean monthly temperature data 
of Arlington, Oregon from NOAA(82). 

7. Siting and I icensing lead time for a new IGCC plant is assumed to be the same as for a pulverized coal-fired power plant 
Addition of gasification capability to an existing combined-cycle power plant initially licensed for conversion to 
coal gasification is assumed to require a 12-month permit review period. 

8. From BPA(86a), Figure 5-4. 

9. From BPA(86a), Table 5-5. 
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January 1990 Base Year 

10. Costs shown are for a complete IGCC plant. The incremental costs of adding coal gasification to an 
existing "gasifier-ready" combined-cycle plant are provided below. 

Because dry cooling and disti I late alternate fuel capability would be installed with the combined-cycle 
phase of a phased construction power plant, there is assumed to be a neg I igable cost difference between 
the incremental cost of adding gasification capability to an existing combined-cycle power plant 
for either the base case or an arid/remote case. Because the net capacity of the arid/remote plant using 
dry cooling is slightly less than that of the base case plant, the per-kilowatt cost of the arid/remote 
plant is slightly greater than that of the base case plant. 

Siting and Licensing ($/kW) 
Option Hold ($/kW//yr) 
Total Plant Costs ($/kW) 
Pre-production Costs ($/kW) 

Base Case 

$17.00 
$0.40 

$1,351.00 
$66.00 

Arid/Remote Case 

$17 .00 
$0.40 

$1,363.00 
$66.00 

11. Annual cost of one engineering staff, as estimated by the Northwest Power Planning Counci I 
Coal Options Task Force. 

p L A N T 

12. Annual land option hold cost is estimated to be 15% of total land cost, based on Washington Water Power experience 
at the Creston site. 

13. Cost estimates exclude sales tax. 

14. The design basis for the reference plant of BPA(86a) is 85% sulfur removal capability. 99% removal is assumed to 
require a 2% increase in capital and fixed O&.M cost and a 2% heat rate penalty. 
Byproduct credit from BPA(86a) has been increased to account for increased sulfur recovery. 

15. The design basis fuel gas saturation for the reference plant is 26.2 Vol% to meet a 75 ppmv NOx emission I imit. 
Fuel gas saturation may be increased up to 38% to further reduce NOx releases (BPA(86a), p. 1-4). 
This may require increased capital and O&.M cost, but wi I I also increase turbine output. 
No net cost or perfomance effect is assumed here. 

16. Based on Washington Water Power estimates for the Creston project. 

1 7. Fixed O&.M costs ( 1986$) : 

Operating Labor (BPA(86a) T.6-3) 
Maintenance Labor (BPA(86a) T.6-3) 
Maintenance Materials (BPA(86a) T.6-3) 
Admin &. Support Labor (BPA(86a) T.6-3) 
99% Removal Premium (Note 14) 

Subtota I : 
General &. Admin (17%, PNL(85)) 

Tota I: 

18. Variable O&.M costs (1986$): 

Ash/Sludge Disposal (BPA(86a) T.6-3) 
Subtota I : 

General &. Admin (17%, PNL(85)) 
Tota I: 

($/kW/yr) 

$6.57 
$13. 29 
$19. 94 

$5.96 
$0.92 

$46.68 
$7.93 

$54.61 

(m/kWh) 

0.120 
0.120 
0.020 
0.140 
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19. 

20. 

10-SEP-91 Northwest Power Planning Counci I Representative Power Plant 

4 2 0 M W I N T E G R A T E D C O A L 

Consumab I es (1986$) : 

Water (BPA(86a) T.6-3) 
Catalysts & Chemicals (BPA(86a) T.6-3) 

Subtota I : 
General & Admin (17r., PNL(85)) 

Tota I: 

G A S I F I E R C O M B I N E D 

January 1990 Base Year 

(m/kWh) 

0.077 
0.594 
0.671 
0.114 
0.785 

C Y C L E 

Information from Wi I I iams(87) suggests that coal plant decomissioning costs may be of the same 
order of magnitude as nuclear decomissioning costs. Wi I Iiams argues that coal plant 

P O W E R 

decomissioning should cost, on a per kilowatt-hour basis, about the same as nuclear decomissioning. 
Review of Wi I Iiams' adjustments to a coal plant decomissioning estimate (Table 3 of Wi I I iams(87)) 
indicates that several of Wi I Iiams' adjustments may not be appropriate. Specifically: 
a greater contingency would I ikely apply to the nuclear decommissioning; unit removal costs for non-

P L A N T 

contaminated material may remain greater for nuclear because of routine survei I lance for potential contamination; 
energy costs may be greater for nuclear because of large-scale electric cutting activities; and 
finally, ash pond soi I removal should not be necessary if the pond is initially designed as a permanent 
disposal site. Correcting Wi I Iiams' Table 3 for these factors yields a coal decomissioning cost about half 
that of nuclear. WNP-1 and WNP-3 decomissioning cost estimates are used as representative of nuclear 
decomissioning costs. 

21. The environmental effluents for the representative plant, operating on gasified coal are 
as I isted below (35F rating temperature, from BPA(86a) T.4-1): 

(lb/hr) (T /MW/yr) 

SOx 63 0.61 
NOx 1200 11.65 • co 60 0.58 
Particulates (to atmosphere) 124 1. 20 
So I id waste 64000 621.55 •• 
Water discharge 254508 2471.72 ••• 

• 75 ppmv; can be reduced further by additional fuel gas moisture saturation. 
•• Slag, fly ash and sludge. 
••• Treated waste water, blowdown, runoff. 

R E F E R E N C E S 

Batte I le (82): Batte I le, Pacific Northwest Laboratories. Development and Chararacterization of Electric 
Power Conservation and Supply Resource Planning Options. Prepared for the Northwest Power Planning 
Counci I. August, 1982. 

BPA (86a): Bonnevi I le Power Administration. 
Shel I Gasification-based Phasing Study. 
Power Administration. November 1986. 

Comparative Electric Generation Study: Coal Gasification 
Prepared by Fluor Technology, Inc. for the Bonnevi I le 

BPA (86b): Bonnevi I le Power Administration. Preconstruction Costs and Schedules for Comparative Electric 
Generation Study Coal-fired Power Plants. Prepared for Bonnevi I le Power Administration 
by Kaiser Engineers Power Corporation. November, 1986. 

Henriques(84): Letter from R. E. Henriques, Washington Water Power Company to J.C. King, Northwest Power Planning 
Counci I, dated July 17, 1984. 
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1 X 4 2 0 M W I N T E G R A T E D C O A L G A S I F I E R C O M B I N E D 

January 1990 Base Year 
HW: Handy-Whitman Index of Pub I ic Uti I ity Construction Costs 

C Y C L E P O W E R 

NOAA(82): National Oceanic and Atmospheric Administration. Monthly Normals of Temperature, Precipitation 
and Heating and Cooling Degree Days: 1951-1980. 1982. 

PNL(85): Pacific Northwest Laboratories. Electric Energy Supply Systems: 
Technologies (PNL-3277). Prepared for the U.S. Department of Energy. 

Descriptions of Avai I able 
February 1985. 

PNUCC(84): Pacific Northwest Uti I ities Conference Committee. Thermal Resources Data Base. October 1984. 
(Revised July 1987). 

Wi I I iams(87): Wi I Iiams, D.H. "Decommissioning Costs: Coal compared to Nuclear" Proceedings of the 1987 
International Decommissioning Symposium. Pittsburgh, Pennsylvania. October, 1987. 
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A T M O S P E R I C F L U I D I Z E D B E D C O A L - F I R E D P O W E R 

January 1990 Base Year 

P L A N T D E S C R I P T I O N 

P L A N T 

G E N E R A L 

Type 
Conf guration: 

Overbed feed AFBC steam-electric, 2400 psig/1000F/1000F reheat 
One 197 MW unit 

Site 

Primary Fuel: 
Heat Value (Btu/lb, HHV) 
De I i very 
Inventory (days) 
Fixed Cost ($/kW/yr) 
Variable Cost ($/MMBtu) 

A I tern ate Fue I : 
Heat Value (Btu/lb, HHV) 
Delivery 
Inventory (days) 
Fixed Cost ($/kW/yr) 
Variable Cost ($/MMBtu) 

Environmental Controls: 
Heat Rejection 
Air Emission Controls 

Grid Interconnection: 
Configuration 
Distance (mi) 

Particulates (0.03 lb/MMBtu input) 
SOx (90¾ removal) 
NOx (0.6 lb/MMBtu input) 

P L A N T P E R F O R M A N C E 

Net Capacity and Heat Rate: 

Maximum Sustainable Capacity 
Rated Capacity 
Minimum Sustainable Capacity 

Availability: 
Routine Inspection and Maintenance (days/year) 
Major Inspection and Overhaul (days/frequency) 
Average Planned Outage (days/year) 
Other Planned and Unplanned Outages (¾) 
Equ i va I ent Annua I Ava i I ab i I i ty (¾) 

Service I ife (years) 

Hermiston, Oregon 

East Kootenay bituminous coal 
12000 
Ra i I 
90 
$0.00 
$1.50 

None 
n/a 
n/a 
None 
n/a 
n/a 

Mechanical draft cooling towers 
Baghouse 
Limestone injection 
Combustion temperature control 

230kV, double circuit 
10 

Capacity (MW) 
-------------
Not specified 
197 
Not specified 

Not Specified 
Not Specified 
34 
10.07. 
81.6¾ 

30 

Heat Rate (Btu/kWh) 
-------------
Not specified 

9885 
Not specified 

EPRI(87) 
EPRI(87) 
EPRI(87) 
EPRI(87) 

McGowin(88) 

Note 1 
Note 1 
Note 2 

Note 3 
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1 9 7 M W A T M O S P E R I C F L U I D I Z E D B E D C O A L - F I R E D P O W E R 

January 1990 Base Year 

P L A N T P E R F O R M A N C E (CONT IN U ED) 

Energy production potential by month (Percent of annual total): 

Jan 
Feb 
Mar 
Apr 
May 
Jun 
Jul 
Aug 
Sep 
Oct 
Nov 
Dec 

D E V E L O P M E N T S C H E D U L E S 

Siting and Licensing (months) 
Engineering, Equipment Procurement and Construction (months) 
Construction Cash Flow (7, by year) 

S I T I N G &, L I C E N S I N G C O S T S 

Account Acct. Source 
------------------- ----- --------------------------
Land Option Sll Batte I le(82) 157. of DCl 
Easements&, ROW SL2 BPA(86), Tl-1 
Owner's Costs SL3 BPA(86) Tl-1 (1. 57. TPC) 
Permits&, Licenses SL4 BPA(86), Tl-1 
Geotechnical SL5 BPA(86) Tl-1 (0. 127. TPC) 
EIS SL6 BPA(86), Tl-1 

Total Siting&, Lie. TSL 

0 P T I O N H O L D C O S T S 

Account Acct. Source 
------------------- ----- --------------------------
Project Management OHl Note 7 
Siting Counci I Fees OH2 $0. 04/kW/yr, Henriques?4b~ 
Environmental Baae Ii ne OH3 $0.14/kW/yr, Henriques 84b 
Land Option OH4 Note 8 
Owner's Indirects OH5 117. OHl-4, Henriques(84b) 

Total Annual Hold Costs THC 

8.37. 
8. 37, 
8.37. 
8. 37, 
8.37. 
8.37. 
8. 37, 
8. 37, 
8.37. 
8. 37, 
8. 37, 
8.37. 

48 
63 

1/7/18/47/22/5 

Price Yr 
Price Estimate 
Year (MM$) 
------- -------

1/90 0.172 
1/86 1.190 
1/90 5.560 
1/86 0.470 
1/90 0.445 
1/86 0.500 

Price Yr 
Price Estimate 
Year (MM$) ------- -------
1/86 0.050 
1/84 0.008 
1/84 0.028 
1/90 0.172 
1/90 0.030 

Esc I. Price Yr Base Yr 
Index Index Index 

------- ------- -------
n/a 100 100 

GNPD 112 .4 128.8 
n/a 100 100 

GNPD 112.4 128.8 
n/a 100 100 

GNPD 112 .4 128.8 

Esc I. Price Yr Base Yr 
Index Index Index 

------- ------- -------
GNP 1.124 1.288 
GNP 1.058 1.288 
GNP 1.058 1.288 
n/a 100 100 
n/a 100 100 

P L A N T 

Note 4 

Henriques(84a) 
Note 5 
Note 6 

Base Yr. Base Yr. 
Estimate Estimate 

(MM$) ($/kW) 
------- -------

0.172 $1 
1.364 $7 
5.560 $28 
0.539 $3 
0.445 $2 
0.573 $3 

8.652 $44 

Base Yr. Base Yr. 
Estimate Estimate 

(MM$) ($/kW) 
------- -------

0.057 $0.29 
0.010 $0.05 
0.034 $0.17 
0.172 $0.87 
0.030 $0 .15 

0.302 $1.53 
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1 9 7 M W A T M O S P E R I C F L U I D I Z E D B E D C O A L - F I R E D P O W E R 

P L A N T C O S T S 

Account 
-------
Direct Costs: 

Land 
Struct. &, Imp. 
Steam Generation 
Turb. Plant Equip. 
Electrical Equip. 
Misc. Equipment 
Switchyard 
Trans. Interconnect 
Field Distributables 

Total Direct Cost 

Indirect Costs: 

Indirect Const. Costs 
Engineering 
Construction Management 
Contingency 
Owner's Cost 

Total Indirect Cost 

Burdened Costs: 

Switchyard 
Trans. Interconnect 
Spares 
Prepaid royalties 
SE Impact Mitigation 

Total Burdened Cost 

Total Plant Cost 

January 1990 Base Year 

Acct. Source 
Price 
Year 

(Note 9) 

DCl 
DC2 
DC3 
DC4 
DC5 
DC6 
DCB 
DC9 
DC10 

TDC 

ICl 
IC2 
IC3 
IC4 
IC5 
IC6 

TIC 

BCl 
BC2 
BC3 
BC4 
BC5 
BC6 

TBC 

TPC 

500 Acres Q $2000/Acre 
Note 10 
Note 10 
Note 10 
Note 10 
Note 10 
Note 10 
Inc. ·,n BC2 
14r. of DC1-DC8 

1/86 
1/83 
1/83 
1/83 
1/83 
1/83 
1/83 
n/a 
1/90 

Included in direct costs. n/a 
Note 10, sr. of TDC 1/90 
Included in direct costs. n/a 
Note 10, 15% of TDC+IC2 1/90 
PNUCC(84), 4r, of TDC+IC2+IC41/90 

Included in direct costs. 
BPA, 10mi 230kV dbl ckt 
Included in direct costs. 
Included in direct costs. 
1r. of TPC, COTF 

TDC+ TIC+ TBC 

n/a 
1/87 
n/a 
n/a 
1/90 

Price Yr 
Estimate Escl. Price Yr Base Yr 

(MM$) Index Index Index 

1.000 
34.440 
51.750 
94.200 
17.190 
0.000 
4.480 
0.000 

34.332 

0.000 
22.457 
0.000 

45.475 
13.946 
0.000 

0.000 
3. 710 
0.000 
0.000 
3.707 
0.000 

GNPD 
HW7 
HW9 

HW12 
HW13 
HW14 
HW34 

n/a 
n/a 

n/a 
n/a 
n/a 
n/a 
n/a 
n/a 

n/a 
HW33 
n/a 
n/a 
n/a 
n/a 

112.4 
234 
253 
248 
282 
264 
256 
100 
100 

100 
100 
100 
100 
100 
100 

100 
252 
100 
100 
100 
100 

128.8 
276 
325 
298 
323 
324 
300 
100 
100 

100 
100 
100 
100 
100 
100 

100 
297 
100 
100 
100 
100 

P L A N T 

Base Yr. Base Yr. 
Estimate Estimate 

(MM$) ($/kW) 

1.146 
40.622 
66. 477 

113.192 
19.689 
0.000 
5.250 
0.000 

34.332 

280.708 

0.000 
22.457 
0.000 

45.475 
13.946 
0.000 

81.877 

0.000 
4.373 
0.000 
0.000 
3.707 
0.000 

8.079 

370.664 

$6 
$206 
$337 
$575 
$100 

$0 
$27 

$0 
$174 

$1,425 

$0 
$114 

$0 
$231 

$71 
$0 

$416 

$0 
$22 

$0 
$0 

$19 
$0 

$41 

$1,882 
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A T M O S P E R I C F L U I D I Z E D B E D C O A L - F I R E D P 0 

January 1990 Base Year 

P R E P R 0 D U C T I 0 N C A P I T A L C 0 S T S 

Account 
-------
Fue I inventory : 

Primary Fuel Inventory 
Secondary Fuel Inventory 

Acct. 

Fil 
FI2 

Total Fuel Inventory CostTFI 

Startup Costs: 

Fixed O&M 
Variable O&M 
Fi xed Fuel 
Variable Fuel 
Equip . Modification 

SUl 
SU2 
SUl 
SU3 
SU4 

Total Startup Cost: TSU 

Total Preproduction Cost TPPC 

Source 

EPRI standard assumption 
EPRI standard assumption 
EPRI standard assumption 
EPRI standard assumption 
EPRI standard assumption 

TFI + TSU 

C A P I T A L C O S T S U M M A R Y 

Siting & Licensing 
Plant 
Preproduction 

Total Overnight Capital Costs 

0 P E R A T I N G C O S T S 

Account Acct . Source 
------------------- ----- --------------------------Fi xed O&M ($/kW/yr) OCl Note 10 
Var. O&M (m/kWh) OC2 Note 10 
Consumables (m/kWh ) OC3 Included in OC2 
Byproduct Credit (m/kWh) OC4 None 
Cap. Rep . ($/kW/yr) OC5 Included in OCl 
Decomissioning OC6 Note 11 

Qty. 

Price 
Year 

90 
0 

30 
30 

7 
7 

2.0¾ 

-------
1/83 
1/83 
n/a 
n/a 
n/a 
1/90 

Units 

days 
days 

days 
days 
days 
days 

percent total plant cost 

Price Yr Esc I. Price Yr 
Estimate Inde x Index 
------- ------- -------

$31.75 GNPD 102 
4.060 GNPD 102 
0.000 n/a 100 
0.000 n/a 100 
$0.00 n/a 100 
$1.65 n/a 100 

W E R 

Base Yr 
Index 

-------
128.8 
128.8 

100 
100 
100 
100 

P L A N T 

Base Yr. Base Yr. 
Estimate Estimate 

(MM$) 
---- ---

6.307 
0.000 

6 . 307 

0.676 
0.727 
0.000 
0.491 
7.413 

9.307 

15.614 

8.652 
370.664 

15.614 

394.930 

Base Yr 
Est i mate 
-------

$40 . 09 
5 . 1 
0.0 
0.0 

$0.00 
$1 . 65 

($/kW) 
-------

$32 
$0 

$32 

$3 
$4 
$0 
$2 

$38 

$47 

$79 

$44 
$1,882 

$79 

$2,005 
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A T M O S P E R I C F L U I D I Z E D B E D C O A L - F I R E D P O W E R P L A N T 

January 1990 Base Year 

N O T E S 

1. From EPRI(86) Exhibit B.5-10B, Technology 10.2. 

2. Equivalent annual avai labi I ity calculated from scheduled and unscheduled outages using EPRI methods. 
Rounded to 81 percent for modeling purposes. 

3. 30-year service I ife is assumed because of relative immaturity of this coal technology in comparison to 
pulverized coal-fired power plants for which a 40-year service I ife is assumed. 

4. Plant output may vary slightly by season because of ambient temperature. Planned outages can be scheduled at any time. 

5. From BPA(87) Figure 5-26 (for one 110 MW AFBC coal-fired unit). Rounded to five years for model I ing purposes. 

6. From BPA(87) Para. 5.4.5 and Figure 5-27 (for one 110 MW AFBC coal-fired unit). First year payout rounded to 1%. 

7. Annual cost of one engineering staff, as estimated by the Northwest Power Planning Counci I 
Coal Options Task Force. 

8. Annual land option hold cost is estimated to be 15¾ of total land cost, based on Washington Water Power experience 
at the Creston site. 

9. Sales tax excluded from al I cost estimates. 

10. Costs are from letter of C.R. McGowin, Electric Power Research Institute to K. Watkins 
Bonnevi I le Power Administration of March 23, 1988, containing cost breakdowns of Hermiston, Oregon 
cases of report EPRI CS-5296. Land cost component removed. 

11. Information from Wi I I iams(87) suggests that coal plant decomissioning costs may be of the same 
order of magnitude as nuclear decomissioning costs. Wi I Iiams' makes the case that coal plant 
decomissioning should cost, on a per kilowatt-hour basis, about the same as nuclear decomissioning. 
Review of Wi I Iiams' adjustments to a coal plant decomissioning estimate (Table 3 of Wi I I iams(87)) 
indicates that several of Wi I Iiams' adjustments may not be appropriate. Specifically: 
a greater contingency would I ikely apply to the nuclear decommissioning; unit removal costs for non-
contaminated material may remain greater for nuclear because of routine survei I lance for potential contamination; 
energy costs may be greater for nuclear because of large-scale electric cutting activities; and 
finally, ash pond soi I removal should not be necessary if pond is initially designed as a permanent 
disposal site. Correcting Wi I Iiams' table 3 for these factors yields a coal decomissioning cost about half 
that of nuclear. WNP-1 and WNP-3 decomissioning cost estimates are used as representative of nuclear 
decomissioning costs. 

R E F E R E N C E S 

Batte I le (82): Batte I le, Pacific Northwest Laboratories. Development and Chararacterization of Electric 
Power Conservation and Supply Resource Planning Options. Prepared for the Northwest Power Planning 
Counci I. August, 1982. 

BPA (87): Bonnevi I le Power Administration. Comparative Electric Generation Study: Coal-fired Power Plants. 
Prepared for Bonnevi I le Power Administration by Kaiser Engineers Power Corporation. October, 1987. 

BPA (86): Bonnevi I le Power Administration. Preconstruction Costs and Schedules for Comparative Electric 
Generation Study Coal-fired Power Plants. Prepared for Bonnevi I le Power Administration 
by Kaiser Engineers Power Corporation. November, 1986. 
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ll-SEP-91 Northwest Power Planning Counci I Representative Power Plant 
1 9 7 M W A T M O S P E R I C F L U I D I Z E D B E D C O A L - F I R E D P O W E R P L A N T 

January 1990 Base Year 

EPRI(87): Electric Power Research Institute. 
bed Combustion Plants (EPRI CS-5296). 

Evaluation of Alternative Steam Generator Designs for Atmospheric Fluidized
July 1987. 

EPRI(86): Electric Power Research Institute. TAG - Technical Assessment Guide (EPRI P-4463-SR). December, 1986. 

Henriques(84a): Letter from R. E. Henriques, Washington Water Power Company to J.C. King, Northwest Power Planning 
Counci I, dated August 15, 1984, containing recommendations regarding coal-fired power plant 
siting and I icensing assumptions. 

Henriques(84b): Letter from R. E. Henriques, Washington Water Power Company to J.C. King, Northwest Power Planning 
Council, dated July 17, 1984. 

HW: Handy-Whitman Index of Public Uti I ity Construction Costs 

McGowin(88): Letter from C.R. McGowin (EPRI) to Kevin Watkins (BPA) of March 23, 1988 regarding cost breakouts 
and additional background information concerning the Hermiston, Oregon cases in EPRI CS-5296. 

Wi I I iams(87): Wi I Iiams, D.H. "Decommissioning Costs: Coal compared to Nuclear" Proceedings of the 1987 
International Decommissioning Symposium. Pittsburgh, Pennsylvania. October, 1987. 
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Northwest Power Planning Counci I Representative Power Plant 
2 5 0 M W P U L V E R I Z E D C O A L - F I R E D P O W E R P L A N T 

G E N E R A L 

Type 
Conf guration: 
Site 

Primary Fuel: 

P L A N T 

Heat Value (Btu/lb, HHV) 
Delivery 
Inventory (days) 
Fixed Cost ($/kW/yr) 
Variable Cost ($/MMBtu) 

A I ternate Fue I : 
Heat Value (Btu/lb, HHV) 
Delivery 
Inventory (days) 
Fixed Cost ($/kW/yr) 
Variable Cost ($/MMBtu) 

Environmental Controls: 
Heat Rejection 

D E S C R I P T I O N 

Air Emission Controls (To meet NSPS): 

Grid Interconnection: 
Configuration 
Distance (mi) 

P L A N T P E R F O R M A N C E 

Net Capacity and Heat Rate: 

Maximum Sustainable Capacity 
Rated Capacity 
Minimum Sustainable Capacity 

Availability: 
Routine Inspection and Maintenance (days/year) 
Maj or Inspection and Overhau I (days/frequency) 
Average Annual Maintenance and Outage (days/year) 
Other Planned and Unplanned Outages (7.) 
Equivalent Annual Availability (7.) 

Service life (years) 

January 1990 Base Year 

Pulverized firing steam-electric, 2400 psig/1000F/1000F reheat 
Two 250 MW units 
Hermiston, Oregon 

East Kootenay bituminous coal 
12000 
Ra i I 
90 
$0.00 
$1. 50 

None 
n/a 
n/a 
None 
n/a 
n/a 

Mechanical draft cooling towers 
Precipitators 
Wet limestone scrubbers 
Combustion temperature control 

230kV, double circuit 
10 

Capacity (MW) 

524 
500 
126 

30 

Heat Rate (Btu/kWh) 
-------------

11145 
11005 

Not specified 

60 days Q five-year intervals 
36 
15.07. 
76.67. 

40 

BPA(87) 
BPA(87) 
BPA (87) 
BPA(87) 

Note 1 
Note 1 
Note 1 

Note 2 
Note 2 
Note 2 
Note 3 
Note 4 

Note 5 
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11-SEP-91 Northwest Power Planning Counci I Representative Power Plant 
2 X 2 5 0 M W P U L V E R I Z E D C O A L - F I R E D P O W E R P L A N T 

January 1990 Base Year 

P L A N T P E R F O R M A N C E (CONT IN U ED) 

Energy production potential by month (Percent of annual total): 

Jan 
Feb 
Mar 
Apr 
May 
Jun 
Jul 
Aug 
Sep 
Oct 
Nov 
Dec 

D E V E L O P M E N T S C H E D U L E S 

Siting and Licensing (months) 
Engineering, Equipment Procurement and Construction (months) 
Constructi o n Cash Flow (% by year) 

S I T I N G & L I C E N S I N G C O S T S 

Account Acct. Source 
-- ---- ------------- ----- --------------------------
Land Opt io n SU Batte I I e (82) 15,: of DCl 
Easements & ROW SL2 BPA (86) , Tl-1 
Owner's Costs SL3 BPA(86) Tl - 1 (1. 5,: TPC) 
Permits & Licenses S L4 BPA(86) , Tl-1 
Geotechnical SL5 BPA(86) Tl-1 (0. 12,: TPC) 
EIS SL6 BPA(86), Tl-1 

Total Siting & Li e. TSL 

0 P T I O N H O L D C O S T S 

Account Acct. Source 
------------------- ----- --------------------------
Project Management OHl No te 9 
Sit i ng Council Fees OH2 $0.04/kW/yr, Henriques (84b) 
Environmental Base I i ne OH3 $0. 14/kW/yr, Henriques(84b) 
Land Option OH4 Note 10 
Owner's Indirects OHS 117. OHl-4, Henriques(84b) 

Total Annua l Hold Costs THC 

8.3r. 
8.3r. 
8.3r. 
8.3r. 
8.37. 
8.3r. 
8. 37, 
8.3r. 
8.37. 
8.3r. 
8.37. 
8 . 37, 

48 
60 

3/16/31/34/16 

Price Yr 
Price Estimate 
Year (MM$) 
------- ------ -

1/90 0.284 
1/86 1.190 
1/90 13 . 432 
1/86 0.470 
1/90 1.075 
1/86 0.500 

Price Yr 
Price Estimate 
Year (MM$ ) 
------- -------

1/86 0.060 
1/84 0.020 
1/84 0.070 
1/90 0.284 
1/90 0.050 

Esc I . Price Yr Base Yr 
Inde x Index Inde x 

------- --- ---- -------
n/a 100 100 

GNPD 112.4 128.8 
n/a 100 100 

GNPD 112 . 4 128 . 8 
n/a 100 100 

GNPD 112.4 128 . 8 

Esc I. Price Yr Base Yr 
Index Index Inde x 

------- ------- -------
GNP 1.124 1.288 
GNP 1 .058 1.288 
GNP 1 . 058 1.288 
n/a 100 100 
n/a 100 100 

Note 6 

Henr i ques(84a) 
Note 7 
Note 8 

Base Yr. Base Yr. 
Estimate Estimate 

(MM$) ($/kW) 
-- ----- -- -----

0.284 $1 
1.364 $3 

13.432 $27 
0.539 $1 
1.075 $2 
0.573 $1 

17.266 $36 

Base Yr. Base Yr. 
Estimate Estimate 

(MM$) ($/kW) 
------- -------

0.057 $0 .11 
0.024 $0.06 
0.085 $0 .17 
0.284 $0.67 
0 . 050 $0 . 10 

0.500 $1.00 
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P L A N T C O S T S 

Account 

Direct Costs: 

Land 
Struct. & Imp. 
Steam Generation 
Turb. Plant Equip. 
Electrical Equip. 
Miscellaneous Equip. 
Switchyard 
Trans. Interconnect 

Total Direct Cost 

Indirect Costs: 

2 

Contractor O&P 
Engineering 
Construction Management 
Contingency 
Owner's Cost 

Total Indirect Cost 

Burdened Costs: 

Switchyard 
Trans. Interconnect 
Spares 
Prepaid royalties 
SE Impact Mitigation 

Total Burdened Cost 

Total Plant Cost 

X 
Northwest Power Planning Counci I Representative Power Plant 

2 5 0 M W P U L V E R I Z E D C O A L - F I R E D P O W E R P L A N T 

January 1990 Base Year 

Acct. 

(Note 11) 

Source 
Price 
Year 

DCl 
DC2 
DC3 
DC4 
DC5 
DC6 
DC8 
DC9 
DC10 

TDC 

!Cl 
IC2 
IC3 
IC4 
res 
IC6 

TIC 

BCl 
BC2 
BC3 
BC4 
BC5 
BC8 

TBC 

TPC 

BPA (87) (825 A Q 2000/ A) 
BPA(87) 
BPA(87) 
BPA(87) 
BPA(87) 
BPA(87) 
BPA 
Inc. in burdened costs 

1/86 
1/86 
1/86 
1/86 
1/86 
1/86 
1/87 
n/a 
n/a 

Included in direct costs. n/a 
BPA(87) (87. of TDC) 1/90 
BPA(87) (57. of TDC) 1/90 
BPA(87) 207. of TDC+IC2+IC3 1/90 
PNUCC(84), 47. of TDC+IC2+IC31/90 

Included in direct costs. 
BPA, 10ml 230kV dbl ckt 
BPA(87) 
Included in direct costs. 
17. of TPC, COTF 

TDC + TIC + TBC 

n/a 
1/87 
n/a 
n/a 
1/90 
n/a 

Price Yr 
Estimate Escl. Price Yr Base Yr 

(MM$) Index Index Index 

1.650 
48.850 

372.262 
78 .129 
23.683 
0.548 
9.069 
0.000 
0.000 

0.000 
49.652 
31.033 

140.267 
33.664 

0.000 

0.000 
3. 710 
5.967 
0.000 
8.955 
0.000 

GNPD 
HW7 
HW9 

HW12 
HW13 
HW14 
HW34 

n/a 
n/a 

n/a 
n/a 
n/a 
n/a 
n/a 
n/a 

n/a 
HW33 

HW6 
n/a 
n/a 
n/a 

112.4 
250 
277 
262 
271 
285 
263 
100 
100 

100 
100 
100 
100 
100 
100 

100 
252 
269 
100 
100 
100 

128.8 
276 
325 
298 
323 
324 
300 
100 
100 

100 
100 
100 
100 
100 
100 

100 
297 
311 
100 
100 
100 

Base Yr. Base Yr. 
Estimate Estimate 

(MM$) ($/kW) 

1.891 
53.930 

436.769 
88.864 
28.227 
0.623 

10.345 
0.000 
0.000 

620.650 

0.000 
49.652 
31.033 

140.267 
33.664 

0.000 

254.616 

0.000 
4.373 
6.899 
0.000 
8.955 
0.000 

20.226 

895.492 

$4 
$108 
$874 
$178 

$56 
$1 

$21 
$0 
$0 

$1,241 

$0 
$99 
$62 

$281 
$67 

$0 

$509 

$0 
$9 

$14 
$0 

$18 
$0 

$40 

$1,791 
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ll-SEP-91 Northwest Power Planning Counci I Representative Power Plant 
2 X 2 5 0 M W P U L V E R I Z E D C O A L - F I R E D P O W E R P L A N T 

January 1990 Base Year 

P R E P R O D U C T I O N C A P I T A L C O S T S 

Account 
-------
Fue I inventory: 

Primary Fuel Inventory 
Secondary Fuel Inventory 

Acct. 

Fil 
FI2 

Total Fuel Inventory CostTFI 

Startup Costs: 

Fixed O&M 
Variable O&M 
Fixed Fuel 
Variable Fuel 
Equip. Modification 

SUl 
SU2 
SUl 
SU3 
SU4 

Total Startup Cost: TSU 

Total Preproduction Cost TPPC 

Source 

EPRI standard assumption 
EPRI standard assumption 
EPRI standard assumption 
EPRI standard assumption 
EPRI standard assumption 

TFI + TSU 

C A P I T A L C O S T S U M M A R Y 

Siting & Licensing 
Plant 
Preproduction 

Total Overnight Capital Costs 

0 P E R A T I N G C O S T S 

Account Acct. Source 
------------------- ----- --------------------------
Fixed O&M ($/kW/yr) OCl Note 12 
Var. O&M (m/kWh) OC2 Note 13 
Consumables (m/kWh) OC3 Note 14 
Byproduct Credit (m/kWh) OC4 None 
Cap. Rep. ($/kW/yr) OC5 Included in OCl 
Decomissioning OC6 Note 14 

Qty. 

Price 
Year 

90 
0 

30 
30 

7 
7 

2.0~ 

-------
1/90 
1/90 
1/90 
n/a 
n/a 
1/90 

Units 

days 
days 

days 
days 
days 
days 

percent total plant cost 

Price Yr Esc I. Price Yr 
Estimate Index Index 
------- ------- -------

35.760 GNPD 128.8 
2.5 GNPD 128.8 
0.5 GNPD 128.8 

0.000 n/a 100 
$0.00 n/a 100 
$1.65 n/a 100 

Base Yr 
Index 

-------
128.8 
128.8 
128.8 

100 
100 
100 

Base Yr. Base Yr. 
Estimate Estimate 

(MM$) 
-------

17.821 
0.000 

17. 821 

1.537 
1.077 
0.000 
1.386 

17.910 

21. 911 

39.732 

17.266 
895.492 

39.732 

952.489 

Base Yr 
Estimate 
-------

$35.76 
2.5 
0.5 
0.0 

$0.00 
$1.65 

($/kW) 
-------

$36 
$0 

$36 

$3 
$2 
$0 
$3 

$36 

$44 

$79 

$35 
$1,791 

$79 

$1,905 

> .,, .,, 
m z 
0 x 
"' ;l, 

:,:, 

~ 
Gi 
~ z 
5: ...; 

~ 
...; 
::i: m 

i r .,, 
0 
:;; 
tT1 
:,:, ..,, 

~ 
;;l 



:8 
z 
0 
q 
:i: 
,;:; 
f;l .., .,, 
0 
,;:; 
\;J .,, 
r 
> z 
I 
< 
0 r 
C: 
:': 
tr1 

= 

c,c. 

"' w 

ll-SEP-91 Northwest Power Planning Counci I Representative Power Plant 
2 X 2 5 0 M W P U L V E R I Z E D C O A L - F I R E D P O W E R P L A N T 

January 1990 Base Year 

N O T E S 

1. Capacity and heat rate from performance curves supplied by Bonnevi I le, May 1, 1985. 

2. Maintenance outage periods based on Northwest experience; see PNUCC (84). 

3. Backcalculated from the equivalent annual avai labi I ity and annual maintenance outage period. See NWPPC(86). 

4. Equ i va I ent annua I ava ·, I ab i Ii ty based on North Amer·, can EI ectr i c Re I·, ab i Ii ty Counc i I Generating 
Avai labi I ity Data System records for subcritical coal-fired power plants. See NWPPC(86). 

5. Design life of major components. Assumes a major refurbishment at year 20. 

6. Plant output may vary slightly by season because of ambient temperature. Planned outages can be scheduled at any time. 

7. From BPA(87) Figure 5-13 (to complete first unit; second unit would lag by 12 months). 

8. S-Shaped cash flow, right-side skewed. For one unit. From Phung(78). 

9. Annual cost of one engineering staff, as estimated by the Northwest Power Planning Counci I 
Coal Options Task Force. 

10. Annua I I and option ho Id cost is estimated to be 157. of tota I I and cost, based on Washington Water Power experience 
at the Creston site. 

11. Sales tax excluded from al I cost estimates. 

12. Annual O&M cost (excluding consumables) is labor plus maintenance materials and services. 
Labor costs are from BPA(87). Maintenance materials and services costs are calculated as 
1.8 percent of total capital costs, excluding preproduction costs (An EPRI rule-of-thumb intended to 
include both routine annual maintenance and post-operational capital replacement costs). 
In accordance with EPRI practice, 707. of total O&M costs are taken as fixed; 307. as variable. 
70¾ capacity factor used to calculate unit variable costs. 1986 dollar costs escalated to 1/88 
using BPA "JEFOM" escalation series (per 1989 Supplement to 1986 power plan); and escalated from 1/88 
to 1/90 using GNPD. 

Labor (BPA(87)), Table 5-9 
Maintenance materials and services 

Total 
Fixed O&M costs (70% of total) 
Variable O&M costs (30% of total) 

(MM$/yr) 
(1/86) 
6.919 

(MM$/yr) 
(1/90) 
9.113 

16.430 
25.543 
17.880 

7.663 

(1. 8 7, 

35.76 
2.5 

Overnight Capital Costs) 

$/kW/yr 
mills/kWh 

13. Consumables include costs of materials and chemicals, uti I ities and sludge and ash disposal from BPA(87), Table 5-9. 
707. capacity factor assumed. Escalated as described in note 12. 

Materials and chemicals 
Ut i Ii ti es 
Sludge and ash disposal 

Total 

(MM$/yr) 
(1/86) 
0.866 
0.310 
0.337 

(MM$/yr) 
(1/90) 
1.141 
0.408 
0.444 
1. 513 

(Note 14) 

0.5 mills/kWh 
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11-SEP-91 Northwest Power Planning Counci I Representative Power Plant 
2 X 2 5 0 M W P U L V E R I Z E D C O A L - F I R E D P O W E R P L A N T 

January 1990 Base Year 

14. Estimated raw water usage in BPA(87) Table 5-9 is apparently in error. Based on raw water pumping capacity 
and comparison with the 2x603MW case, the raw water consumption should be half of that shown in Table 5-9. 

15. Information from Wi I liams(87) suggests that coal plant decomissioning costs may be of the same 
order of magnitude as nuclear decomissioning costs. Wi I Iiams' makes the case that coal plant 
decomissioning should cost, on a per kilowatt-hour basis, about the same as nuclear decomissioning. 
Review of Wi I Iiams' adjustments to a coal plant decomissioning estimate (Table 3 of Wi I I iams(87)) 
indicates that several of Wi 11 lams' adjustments may not be appropriate. Specifically: 
a greater contingency would I ikely apply to the nuclear decommissioning; unit removal costs for non-
contaminated material may remain greater for nuclear because of routine survei I lance for potential contamination; 
energy costs may be greater for nuclear because of large-scale electric cutting activities; and 
finally, ash pond soi I removal should not be necessary if pond is initially designed as a permanent 
disposal site. Correcting Wi I Iiams' table 3 for these factors yields a coal decomissioning cost about half 
that of nuclear. WNP-1 and WNP-3 decomissioning cost estimates are used as representative of nuclear 
decomissioning costs. 

R E F E R E N C E S 

Batte I le (82): Batte I le, Pacific Northwest Laboratories. Development and Chararacterization of Electric 
Power Conservation and Supply Resource Planning Options. Prepared for the Northwest Power Planning 
Counc i I . August, 1982. 

BPA (87): Bonnevi I le Power Administration. Comparative Electric Generation Study: Coal-fired Power Plants. 
Prepared for Bonnevi I le 'Power Administration by Kaiser Engineers Power Corporation. October, 1987. 

BPA (86): Bonnevi I le Power Administration. Preconstruction Costs and Schedules for Comparative Electric 
Generation Study Coal-fired Power Plants. Prepared for Bonnevi I le Power Administration 
by Kaiser Engineers Power Corporation. November, 1986. 

Henriques(84a): Letter from R. E. Henriques, Washington Water Power Company to J.C. King, Northwest Power Planning 
Counci I, dated August 15, 1984, containing recommendations regarding coal-fired power plant 
siting and I icensing assumptions. 

Henriques(84b): Letter from R. E. Henriques, Washington Water Power Company to J.C. King, Northwest Power Planning 
Council, dated July 17, 1984. 

HW: Handy-Whitman Index of Pub I ic Uti I ity Construction Costs 

NWPPC(86): Northwest Power Planning Counci I. 1986 Northwest Conservation and Electric Power Plan. January 1986. 

PNUCC(84): Pacific Northwest Uti I ities Conference Committee. Thermal Resources Data Base. October 1984. 
(Revised July 1987). 

Wi I I iams(87): Wi I Iiams, D.H. "Decommissioning Costs: Coal compared to Nuclear" Proceedings of the 1987 
International Decommissioning Symposium. Pittsburgh, Pennsylvania. October, 1987. 
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11-SEP-91 Northwest Power Planning Counci I Representative Power Plant 
2 X 6 0 3 M W P U L V E R I Z E D C O A L - F I R E D P O W E R P L A N T 

G E N E R A L 

Type: 
Configuration: 
Site: 

Primary Fuel: 

P L A N T 

Heat Value (Btu/lb, HHV) 
De I i very 
Inventory (days) 
Fixed Cost ($/kW/yr) 
Variable Cost ($/MMBtu) 

A I tern ate Fue I : 
Heat Value (Btu/lb, HHV) 
De I i very 
Inventory (days) 
Fixed Cost ($/kW/yr) 
Variable Cost ($/MMBtu) 

Environmental Controls: 
Heat Rejection 

D E S C R I P T I O N 

Air Emission Controls (to meet NSPS): 

Grid Interconnection: 
Configuration 
D"1stance (mi) 

P L A N T P E R F O R M A N C E 

Net Capacity and Heat Rate: 

Maximum Sustainable Capacity 
Rated Capacity 
Minimum Sustainable Capacity 

Ava·1 labi I ity: 
Routine Inspection and Maintenance (days/year) 
Major Inspection and Overhaul (days/frequency) 
Average Annual Maintenance and Outage (days/year) 
Other Planned and Unplanned Outages (¾) 
Equivalent Annual Avai labi I ity (¾) 

Serv·1ce I ife (years) 

January 1990 Base Year 

Pulverized firing steam-electric, 2400 psig/1000F/1000F reheat 
Two 603 MW units 
Hermiston, Oregon 

East Kootenay bitumirous coal 
12000 
Ra i I 
90 
$0.00 
$1.50 

None 
n/a 
n/a 
None 
n/a 
n/a 

Mechanical draft cooling towers 
Precipitators 
Wet I imestone scrubbers 
Combustion temperature control 

500kV, double circuit 
10 

Capacity (MW) Heat Rate (Btu/kWh) 
------------- -------------------
1266 10970 
1206 10856 
302 Not specified 

30 
60 days Q five-year intervals 
36 
17.0¾ 
74.8¾ 

40 

BPA(87) 
BPA(87) 
BPA(87) 
BPA(87) 

Note 1 
Note 1 
Note 1 

Note 2 
Note 2 
Note 2 
Note 3 
Note 4 

Note 5 
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ll-SEP-91 Northwest Power Planning Counci I Representative Power Plant 
2 X 6 0 3 M W P U L V E R I Z E D C O A L - F I R E D P O W E R P L A N T 

January 1990 Base Year 

P L A N T P E R F O R M A N C E (CONT IN U ED) 

Energy production potential by month (Percent of annual total): Note 6 

Jan 8.37, 
Feb 8.37. 
Mar 8.37, 
Apr 8.37. 
May 8.37, 
Jun 8.37. 
Jul 8.37, 
Aug 8.37. 
Sep 8.37. 
Oct 8.37. 
Nov 8.37, 
Dec 8.37, 

D E V E L O P M E N T S C H E D U L E S 

Siting and Licensing (months) 48 
Engineering, Equipment Procurement and Construction (months) 
Construction Cash Flow (7. by year) 

72 
2/10/21/29/27/11 

S I T I N G &, L I C E N S I N G C O S T S 

Price Yr 
Price Estimate 

Account Acct. Source Year (MM$) 
-------------------------- ------- -------

Land Option Sll Batte I I e (82) 157. of DCl 1/90 0.579 
Easements & ROW SL2 BPA(86), Tl-1 1/86 1.190 
Owner's Costs SL3 BPA(86) Tl-1 (1. 57. TPC) 1/90 23.497 
Permits&, Licenses SL4 BPA(86), Tl-1 1/86 0.470 
Geotechnical SL5 BPA(86) Tl-1 (0 .127. TPC) 1/90 1.880 
EIS SL6 BPA (86) , Tl-1 1/86 0.500 

Total S'1ting &, Lie. TSL 

0 P T I O N H O L D C O S T S 

Price Yr 
Price Estimate 

Account Acct. Source Year (MM$) 
------------------- ----- -------------------------- ------- -------
Project Management OHl Note 9 1/86 0.050 
Siting Counci I Fees OH2 $0 .04/kW/yr, Henriques(84b) 1/84 0,048 
Environmental Base I i ne OH3 $0.14/kW/yr, Henriques(84b) 1/84 0 .169 
Land Option OH4 Note 10 1/90 0.579 
Owner's Indirects OHS 117. OHl-4, Henriques(84b) 1/90 0.099 

Total Annual Hold Costs THC 

Esc I. Price Yr Base Yr 
Index Index Index 

------- ------- -------
n/a 100 100 

GNPD 112.4 128.8 
n/a 100 100 

GNPD 112.4 128.8 
n/a 100 100 

GNPD 112.4 128.8 

Esc I. Price ·yr Base Yr 
Index Index Index 

------- ------- -------
GNP 1.124 1.288 
GNP 1.058 1.288 
GNP 1.058 1.288 
n/a 100 100 
n/a 100 100 

Henriques(84a) 
Note 7 
Note 8 

Base Yr. Base Yr. 
Estimate Estimate 

(MM$) ($/kW) 
------- -------

0.579 $0 
1.364 $1 

23.497 $19 
0.539 $0 
1.880 $2 
0.573 $0 

28.431 $24 

Base Yr. Base Yr. 
Estimate Estimate 

(MM$) ($/kW) 
------- -------

0.057 $0.05 
0.059 $0.05 
0.206 $0 .17 
0.579 $0.48 
0.099 $0.08 

0.999 $0.83 
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:8 11-SEP-91 Northwest Power Planning Counci I Representative Power Plant 
2 X 6 0 3 M W P U L V E R I Z E D C O A L - F I R E D P O W E R z 

0 
cl :c 

January 1990 Base Year 

~ m 
(I) 
...; 

6 P L A N T C O S T S 

~ 
Price Yr ;,:, .,, 

Price Estimate Esc I. Price Yr :;: Account Acct. Source Year (MM$) Index Index z 
I ------------------- ----- -------------------------- ------- ------- ------- -------< 
0 Direct Costs: (Note 11) 
E 
::: Land DCl BPA(87) (1680 AC 2000/A) 1/86 3.366 GNPD 112.4 m 
::: Struct. &, Imp. DC2 BPA(87) 1/86 82.607 HW7 250 

Steam Generation DC3 BPA(87) 1/86 654.312 HW9 277 
Turb. Plant Equip. DC4 BPA(87) 1/86 155.409 HW12 262 
Electrical Equip. DC5 BPA(87) 1/86 27.373 HW13 271 
Miscellaneous Equip. DC6 BPA(87) 1/86 0.899 HW14 285 
Switchyard DCB BPA 1/87 9.900 HW34 263 
Trans. Interconnect DC9 Inc. in burdened costs n/a 0.000 n/a 100 

DC10 n/a 0.000 n/a 100 

Total Direct Cost TDC 

, Indirect Costs: 

Contractor O&P ICl Included in direct costs. n/a 0.000 n/a 100 
Engineering IC2 BPA(87) (8% of TDC) 1/90 86.756 n/a 100 
Construction Management IC3 BPA (87) (5% of TDC) 1/90 54.223 n/a 100 
Contingency IC4 BPA (87) 20% of TDC+IC2+IC3 1/90 245.086 n/a 100 
Owner's Cost IC5 PNUCC(84), 4% of TDC+IC2+IC31/90 58.821 n/a 100 

IC6 0.000 n/a 100 

Total Indirect Cost TIC 

Burdened Costs: 

Switchyard BCl Included in direct costs. n/a 0.000 n/a 100 
Trans. Interconnect BC2 BPA, 10mi 500kV dbl ckt 1/87 8.500 HW33 252 
Spares BC3 BPA(87) n/a 9.913 HW6 269 Prepaid royalties BC4 Included in direct costs. n/a 0.000 n/a 100 
SE Impact Mitigation BC5 1% of TPC, COTF 1/90 15.665 n/a 100 

BC6 n/a 0.000 n/a 100 

Total Burdened Cost TBC 

Total Plant Cost TPC TDC + TIC + TBC 

0, 

:'; 

P L A N T 

Base Yr 
Index 

-------

128.8 
276 
325 
298 
323 
324 
300 
100 
100 

100 
100 
100 
100 
100 
100 

100 
297 
311 
100 
100 
100 

Base Yr. Base Yr. 
Estimate Estimate 

(MM$) ($/kW) 
------- -------

3.857 $3 
91.198 $76 

767.695 $637 
176.763 $147 

32.625 $27 
1.022 $1 

11.293 $9 
0.000 $0 
0.000 $0 

1084.453 $899 

0.000 $0 
86.756 $72 
54.223 $45 

245.086 $203 
58.821 $49 

0.000 $0 

444.886 $369 

0.000 $0 
10.018 $8 
11.461 $10 
0.000 $0 

15.665 $13 
0.000 $0 

37.143 $31 

1566.482 $1,299 
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ll-SEP-91 Northwest Power Planning Counci I Representative Power Plant 
2 X 6 0 3 M W P U L V E R I Z E D C O A L - F I R E D P O W E R P L A N T 

January 1990 Base Year 

P R E P R O D U C T I O N C A P I T A L C O S T S 

Account 
-------
Fue I i nventory : 

Primary Fuel In vento ry 
Secondary Fuel Inventory 

Acc t. 

Fil 
FI2 

Total Fuel Inventory CostTFI 

Startup Costs: 

Fixed O&M 
Variable O&M 
Fixed Fuel 
Variable Fuel 
Equip. Modification 

SU l 
SU2 
SU l 
SU3 
SU4 

Total Startup Cost: TSU 

Tota l Preproduction Cost TPPC 

Source 

EPRI standard assumption 
EPRI standard assumption 
EPRI standard assumption 
EPRI standard assumpt i on 
EPRI standard assumption 

TFI + TSU 

C A P I T A l C O S T S U M M A R Y 

Siting & Licensing 
Plant 
Preproduction 

Total Overnight Capital Costs 

0 P E R A T I N G C O S T S 

Account Acct . Source 
------------------- ----- --------------------------
Fi xed O&.M ($/kW/yr) OCl Note 12 
Var. O&M (m/kWh) OC2 Note 13 
Consumables (m/kWh) OC3 Note 14 
Byproduct Credit (m/kWh) OC4 Non e 
Cap . Rep . ($/kW/yr) OC5 Included in OCl 
Decomissioning OC6 Note 15 

Qty. 

Price 
Year 

90 
0 

30 
30 

7 
7 

2.07. 

-------
1/90 
1/90 
1/90 
n/a 
n/a 
1/90 

Units 

days 
days 

days 
days 
days 
days 

percent total plant cost 

Price Yr Esc I. Price Yr 
Estimate Inde x Inde x 
------- ------- -------

23.46 GNPD 128.8 
1.6 GNPD 128.8 
0.4 GNPD 128.8 
0 . 0 n/a 100 

$0 . 00 n/a 100 
$1.65 n/a 100 

Base Yr 
Inde x 

-------
128.8 
128.8 
128.8 

100 
100 
100 

Base Yr . Base Yr. 
Estimate Est i mate 

(MM$) 
----- --

42.403 
0.000 

42 . 403 

2.489 
1 . 806 
0.000 
3.298 

31.330 

38.923 

81.326 

28.431 
1566.482 

81. 326 

1676.239 

Base Yr 
Estimate 
-------

$23.46 
1. 6 
0.4 
0 . 0 

$0.00 
$1.65 

($/kW) 
-------

$35 
$0 

$36 

$2 
$1 
$0 
$3 

$26 

$32 

$67 

$24 
$1,299 

$67 

$1,390 
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ll-SEP-91 Northwest Power Planning Counci I Representative Power Plant 
2 X 6 0 3 M W P U L V E R I Z E D C O A L - F I R E D P O W E R P L A N T 

January 1990 Base Year 

N O T E S 

1. Capacity and heat rate from performance curves supplied by Bonnevi I le, May 1, 1985. 

2. Maintenance outage periods based on Northwest experience; see PNUCC (84). 

3. Backcalculated from the equivalent annual availability and annual maintenance outage period. See NWPPC(86). 

4. Equ i va I ent annua I ava i I ab i Ii ty based on North American EI ectr i c Re Ii ab i Ii ty Counc i I Generating 
Avai labi I ity Data System records for subcritical coal-fired power plants. See NWPPC(86). 

5. Design I ife of major components. Assumes a major refurbishment at year 20. 

8. Plant output may vary slightly by season because of ambient temperature. Planned outages can be scheduled at any time. 

7. Based on discussions of the Counci I's Coal Options Task Force, consistent with the schedule proposed for Creston. 
(to complete first unit; second unit would lag by 12 months). 

8. $-Shaped cash flow, right-side skewed. For one unit. From Phung(78). 

9. Annual cost of one engineering staff, as estimated by the Northwest Power Planning Counci I 
Coal Options Task Force. 

10. Annua I I and option ho Id cost is estimated to be 15¾ of tota I I and cost, based on Washington Water Power experience 
at the Creston site. 

11. Sales tax excluded from al I cost estimates. 

12. Annual O&M cost (excluding consumables) is labor plus maintenance materials and services. 
Labor costs are from BPA(87). Maintenance materials and services costs are calculated as 
1.8 percent of total capital costs, excluding preproduction costs (An EPRI rule-of-thumb intended to 
include both routine annual maintenance and post-operational capital replacement costs). 
In accordance with EPRI practice, 70¾ of total O&M costs are taken as fixed; 30¾ as variable. 
70¾ capacity factor used to calculate unit variable costs. 1986 dollar costs escalated to 1/88 
using BPA "JEFOM" escalation series (per 1989 Supplement to 1986 power plan); and escalated from 1/88 
to 1/90 using GNPD. 

Labor (BPA (87)), Tab I e 5-3 
Maintenance materials and services 

Total 
Fixed O&M costs (70¾ of total) 
Variable O&M costs (30¾ of total) 

(MM$/yr) 
(1/86) 
8.891 

(MM$/yr) 
(1/90) 
11.711 
28.708 
40.419 
28.293 
12.126 

(1.8 ¾ 

23.46 
1.6 

Overnight Capital Costs) 

$/kW/yr 
mi I ls/kWh 

13. Consumables include costs of materials and chemicals, uti I ities and sludge and ash disposal from BPA(87), Table 5-3. 
70¾ capacity factor assumed. Escalated as described in note 12. 

Materials and chemicals 
Ut i Ii ti es 
Sludge and ash disposal 

Total 

(MM$/yr) 
(1/86) 
1.894 
0.519 
0.844 

(MM$/yr) 
(1/90) 
2.495 
0.684 
1.112 
3.257 0.4 mi I ls/kWh 
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ll-SEP-91 Northwest Power Planning Counci I Representative Power Plant 
2 X 6 0 3 M W P U L V E R I Z E D C O A L - F I R E D P O W E R P L A N T 

January 1990 Base Year 

14. Information from Wi I I iams(87) suggests that coal plant decomissioning costs may be of the same 
order of magnitude as nuclear decomissioning costs. Wi I Iiams' makes the case that coal plant 
oecomissioning should cost, on a per kilowatt-hour basis, about the same as nuclear decomissioning. 
Review of Wi 11 iams' adjustments to a coal plant decomissioning estimate (Table 3 of Wi 11 iams(87)) 
indicates that several of Wi 11 iams' adjustments may not be appropriate. Specifically: 
a greater contingency would likely apply to the nuclear decommissioning; unit removal costs for non-
contaminated material may remain greater for nuclear because of routine survei I lance for potential contamination; 
energy costs may be greater for nuclear because of large-sc?le electric cutting activities; and 
f i na I I y, ash pond so·, I remova I shou Id not be necessary if pond is in it i a I I y designed as a permanent 
disposal site. Correcting Wi I Iiams' table 3 for these factors yields a coal decomissioning cost about half 
that of nuclear. WNP-1 and WNP-3 decomissioning cost estimates are used as representative of nuclear 
decomissioning costs. 

R E F E R E N C E S 

Batte I le (82): Batte I le, Pacific Northwest Laboratories. Development and Chararacterization of Electric 
Power Conservation and Supply Resource Planning Options. Prepared for the Northwest Power Planning 
Counci I. August, 1982. 

BPA (87): Bonnevi I le Power Administration. Comparative Electric Generation Study: Coal-fired Power Plants. 
Prepared for Bonnevi I le Power Administration by Kaiser Engineers Power Corporation. October, 1987. 

BPA (86): Bonnevi I le Power Administration. Preconstruction Costs and Schedules for Comparative Electric 
Generation Study Coal-fired Power Plants. Prepared for Bonnevi I le Power Administration 
by Kaiser Engineers Power Corporation. November, 1986. 

Henriques(84a): Letter from R. E. Henriques, Washington Water Power Company to J.C. King, Northwest Power Planning 
Counci I, dated August 15, 1984, containing recommendations regarding coal-fired power plant 
siting and licensing assumptions. 

Henriques(84b): Letter from R. E. Henriques, Washington Water Power Company to J.C. King, Northwest Power Planning 
Council, dated July 17, 1984. 

HW: Handy-Whitman Index of Pub I ic Uti I ity Construction Costs 

NWPPC(86): Northwest Power Planning Counci I. 1986 Northwest Conservation and Electric Power Plan. January 1986. 

PNUCC(84): Pacific Northwest Uti I ities Conference Committee. Thermal Resources Data Base. October 1984. 
(Revised July 1987). 

Wi I I iams(87): Wi I Iiams, D.H. "Decommissioning Costs: Coal compared to Nuclear" Proceedings of the 1987 
International Decommissioning Symposium. Pittsburgh, Pennsylvania. October, 1987. 
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~ I Table 8-B-1 
Potentially Developable Hydropower Sitesa 

Installed Average Probable 
Location Development Probability Type Cost Capacity Energy Energy 

FERC No. Project Name ST COb River Regul. Final Codec ($/kWa)d (MW) (MWa) (MWa) 

00044-00 Hugh L. Cooper WA 051 1.00 0.60 0.60 I 0 22.371 22.380 13.428 
01815-03 Mahoney Springs Minor MT 053 1.00 0.60 0.60 F 0 0.004 0.001 0.001 
02151B00 Beaver Creek Hydroelectric WA 007 1.00 0.80 0.80 I 4,781 14.000 7.000 5.600 
02316B00 E.F. Griffin Creek WA 033 0.65 0.75 0.65 0 0 29.381 20.566 13.409 
02316C00 Carnation WA 033 0.65 0.75 0.65 0 6,102 34.100 17 .050 11.117 
02494A02 White River WA 053 0.69 0.90 0.69 J 6,050 14.000 9.532 6.598 
02507 A00 Flathead MT 089 1.00 0.60 0.60 L 0 120.000 67.831 40.699 
02507B00 Flathead 2 MT 047 1.00 0.60 0.60 L 0 120.000 45.662 27.397 
02526-13 Sullivan Lake Dam WA 051 1.00 0.85 0.85 F 2,664 13.600 7.050 5.992 
02657-00 Thunder Creek WA 073 0.60 0.10 0.10 C 0 1.305 13.014 1.301 
02811D03 White Salmon Wallace Bridge WA 039 0.64 0.10 0.10 F 0 30.000 12.000 1.200 
02811G03 White Salmon Conduit WA 039 0.91 0.20 0.20 J 0 42.000 29.400 5.880 
02833-13 Cowlitz Falls WA 041 1.00 0.99 0.99 C 4,534 70.000 30.502 30.197 
02844-01 Tumwater WA 007 0.69 0.25 0.25 G 0 4.000 2.511 0.628 
02899-03 Milner ID 083 1.00 0.95 0.95 p 2,636 43.650 16.210 15.400 
02952-21 Gem State ID 011 1.00 1.00 0.95 I 4,023 22.300 14.283 13.569 
02959-17 South Fork Tolt WA 033 0.55 0.95 0.55 D 5,027 15.000 8.596 4.737 
02973-04 Island Park ID 043 0.92 0.99 0.92 J 0 4.800 1.347 1.239 
03073-01 Clifford Rosenbalm ID 015 1.00 0.92 0.92 D 0 0.008 0.003 0.003 
03109-01 Blue River OR 039 0.92 0.90 0.90 J 4,938 14.650 3.930 3.537 
03111-01 Dorena OR 039 0.70 0.20 0.20 M 0 2.900 1.689 0.338 
03112B02 Minto 2A Powerhouse B OR 047 1.00 0.10 0.10 0 7,702 32.770 16.233 1.623 
03210-01 Gold Hill OR 029 0.56 0.60 0.56 D 1,366 3.000 2.540 1.425 
03239A09 Koma Kulshan WA 073 0.50 0.95 0.50 F 1,770 5.600 4.154 2.096 
03239B09 Koma Kulshan-Sandy Creek WA 073 0.50 0.95 0.50 F 2,263 5.600 4.154 2.096 
03257-05 Zillah Wasteway WA 077 0.54 0.92 0.54 D 4,466 11.900 3.379 1.832 .,, 
03347-01 Sunset Falls Water Power Plant WA 061 0.55 0.20 0.20 D 0 7.500 7.192 1.438 ~ 
03378-00 Ochoco Project OR 013 0.93 0.20 0.20 A 1.600 0.457 0.091 

tn 
0 z 

s -l 

03385-02 Oxbow Ranch ID 059 0.92 0.25 0.25 D 10,366 1.800 1.370 0.342 s: 
r z 03403-00 Mora Canal Drop ID 001 1.00 0.95 0.95 p 5,815 1.900 0.926 0.880 s:: 0 q 03466A01 Columbia Southern Canal OR 017 1.00 0.30 0.30 p 0 3.200 1.573 0.472 
t) 
tn 

:r: < 
:E 03466B01 Columbia Southern Canal 2 OR 017 1.00 0.30 0.30 p 6,095 3.200 1.573 0.472 tn 
tn r 
"' 03466C01 Columbia Southern Canal OR 017 0.92 0.25 0.25 A 7,801 2.400 1.180 0.295 0 
-l ~ .,, 
0 03473-13 North Canal Dam OR 017 0.91 0.90 0.90 G 3,875 2.825 0.809 0.728 "' 
:E [;; 
tn 03486-01 Easton Dam WA 037 0.61 0.92 0.61 D 4,283 1.500 0.840 0.513 :r: ;,, .,, 03489-01 Roza Dam WA 037 0.71 0.60 0.60 A 4,686 2.400 1.573 0.944 -< 
:;: Ci 

03560-01 Wickiup OR 017 0.91 0.90 0.90 G 3,950 7.000 2.979 2.682 
;,, 

z C 
I 

.,, 
03571-08 Central Oregon Siphon OR 017 1.00 0.60 0.60 p 2,953 5.500 3.209 1.925 0 

< :E 
0 

03672-00 Horn Rapids Water Power WA 005 0.69 0.25 0.25 A 32,494 1.395 0.822 0.205 tn r ;,, 
C 
:::: 03701-01 Tieton WA 077 0.70 0.90 0.70 G 3,099 13.600 5.651 3.937 V: 

tn 
::; 

= 03717-00 Ringold W asteway WA 021 1.00 0.30 0.30 p 3,350 3.100 1.228 0.368 8l 
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m 0 
;,:, ;;; 
:9 to 
:,. OR G 0.132 

:--
03784-00 Bend Diversion Dam 017 0.91 0.20 0.20 10,256 2.300 0.662 m z :r: 

I 03827-00 Haystack OR 031 1.00 0.30 0.30 p 0 2.500 1.027 0.308 
_, 

< d 
0 

03828A00 North Unit Canal Mile 45 OR 031 1.00 0.30 0.30 p 2,591 2.200 1.256 0.377 ;,:, 

~ 0 
7 03828B00 North Unit Canal Mile 51 OR 031 1.00 0.30 0.30 p 3,293 1.900 1.027 0.308 "' 
rn 

0 
:E 

= 03840-01 Unity OR 001 0.95 0.25 0.25 G 11,487 0.500 0.171 0.043 m 
;,:, 

03867-01 McKay Dam OR 059 0.97 0.25 0.25 G 4,658 2.500 0.674 0.168 (/) 

=i 
03913-01 Thunder Creek WA 057 0.90 0.85 0.85 F 1,758 9.425 5.800 4.930 m 

(/) 

03918-02 Gold Ray OR 029 0.68 0.20 0.20 M 7,452 7.200 0.936 0.187 
03975-00 Deschutes Main Canal Mile 45 OR 031 1.00 0.20 0.20 p 0 4.000 1.393 0.279 
03989-00 Savage Rapids Diversion Dam OR 029 0.68 0.20 0.20 J 5,292 9.400 4.646 0.929 
03991-06 Cross Cut Diversion ID 043 0.91 0.95 0.91 G 5,351 1.754 1.239 1.132 
04061-00 Eagle Creek OR 001 1.00 0.30 0.30 p 0 1.800 1.142 0.342 
04159-00 Magic Springs ID 047 1.00 0.20 0.20 s 0 2.531 2.278 0.456 
04160-02 Rangen Research ID 047 1.00 0.30 0.30 p 0 0.250 0.179 0.054 
04188-01 John W. Jones, Jr. ID 047 1.00 0.92 0.92 D 0 0.105 0.111 0.102 
04217-00 Rock Creek WA 045 1.00 0.10 0.10 F 9,196 1.800 0.696 0.070 
04220-01 Park Creek WA 073 1.00 0.85 0.85 F 3,984 1.900 1.062 0.902 
04227-00 Snake River Trout ID 047 1.00 0.20 0.20 s 0 0.150 0.138 0.028 
04243-00 Saddle Springs ID 047 1.00 0.20 0.20 s 0 0.100 0.085 0.017 
04269-00 Manson Hydroelectric Project WA 007 0.95 0.25 0.25 D 0 1.800 1.621 0.405 
04295-00 Aldrich Creek WA 073 1.00 0.10 0.10 F 5,088 0.575 0.394 0.039 
04308-01 Mud Mountain-White River WA 033 0.69 0.25 0.25 G 0 5.800 2.968 0.742 
04358-00 Scooteney Inlet WA 021 1.00 0.30 0.30 p 8,515 2.800 1.142 0.342 
04408-00 Mill City Diversion OR 047 0.53 0.25 0.25 D 4,219 60.000 30.137 7.534 
04435-05 Damnation Peak WA 057 1.00 0.60 0.60 F 3,333 5.000 2.127 1.276 
04458A04 Middle Fork lrrig. Dist. PH 1 OR 027 1.00 1.00 0.60 M 3,466 2.130 1.724 1.034 
04458B04 Middle Fork lrrig. Dist. PH 2 OR 027 1.00 1.00 0.60 M 7,315 0.593 0.475 0.285 
04458C04 Pressure Reducing Station 1 OR 027 1.00 1.00 0.60 M 2,232 0.399 0.367 0.220 
04458D04 Pressure Reducing Station 2 OR 027 1.00 1.00 0.60 s 0 0.236 0.217 0.130 
04458E04 Middle Fork lrrig. Dist. PH 3 OR 027 1.00 1.00 0.60 s 0 0.584 0.395 0.237 
04458F04 Pressure Reducing Station 3 OR 027 1.00 1.00 0.60 M 7,303 0.078 0.071 0.043 
04458G04 Pressure Reducing Station 4 OR 027 1.00 1.00 0.60 s 0 0.092 0.084 0.051 
04458H04 Pressure Reducing Station 5 OR 027 1.00 1.00 0.60 M 136,223 0.027 0.008 0.005 
04458I04 Pressure Reducing Station 7 OR 027 1.00 1.00 0.60 s 0 0.077 0.002 0.001 
04458J04 Pressure Reducing Station 6 OR 027 1.00 1.00 0.60 M 8,085 0.062 0.017 0.010 
04479-00 Howard Prairie Hydroelectric OR 029 0.94 0.25 0.25 A 18,688 0.224 0.148 0.037 
04507-00 Lost Lake ~ WA 037 1.00 0.10 0.10 F 6,063 2.000 0.639 0.064 
04539-01 Clear Lake Hydro Project WA 077 1.00 0.60 0.60 A 4,128 1.230 0.445 0.267 ;, 

"O 

04574A06 Three Lynx Creek OR 005 0.58 0.95 0.58 F 1,001 0.565 0.203 0.119 
.,, 
m z 

04574B06 Three Lynx Creek OR 005 0.65 0.95 0.65 D 2,560 0.565 0.079 0.052 0 
;?, 

§ I 04586-06 Swamp Creek WA 073 0.76 0.95 0.76 F 3,877 3.500 1.712 1.305 00 
I 
to 
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04587-07 Ruth Creek WA 073 0.65 0.95 0.65 F 4,402 2.800 1.313 0.856 
04606-01 Little Rattler Hydro Project WA 077 0.73 0.25 0.25 G 0 12.400 6.804 1. 701 
04656-02 Arrowrock Dam ID 039 0.94 0.90 0.90 G 3,959 60.000 19.132 17.219 
04698-01 Nevada Creek MT 077 1.00 0.25 0.25 G 0 1.480 0.320 0.080 
04709-00 Lake Como MT 081 1.00 0.20 0.20 J 9,260 0.570 0.320 0.064 
04710-00 Potholes Canal Chute 1158 WA 001 1.00 0.20 0.20 p 4,869 7.630 3.105 0.621 
04711-01 Potholes E Canal Sta. 1720+44 WA 021 1.00 0.30 0.30 p 0 0.690 0.297 0.089 
04712-00 Dry Falls Dam Canal WA 025 1.00 0.20 0.20 M 5,427 20.860 9.418 1.884 
04732-00 Applegate Lake OR 029 0.95 0.60 0.60 J 3,302 9.000 4.292 2.575 
04748-00 Potholes Canal Chute 3480&43 WA 021 1.00 0.20 0.20 p 0 10.150 4.292 0.858 
04750-02 Eltopia Branch Canal 625+90 WA 021 1.00 0.95 0.95 p 3,299 0.682 0.352 0.334 
04759-00 West Canal Station 1992+00 WA 025 1.00 0.20 0.20 p 4,269 9.120 3.858 0.772 
04763-01 EL 85 Station 125+25 WA 001 1.00 0.30 0.30 p 0 0.400 0.148 0.045 
04764-01 EL 68 Station 31 +oo WA 001 1.00 0.30 0.30 p 0 0.420 0.160 0.048 
04765-01 EL 68 Station 65+54.65 WA 001 1.00 0.30 0.30 p 0 0.390 0.148 0.045 
04766-01 EL 68 Station 135+76.24 WA 001 1.00 0.30 0.30 p 0 0.350 0.126 0.038 
04768-01 EL 85 Station 140+10 WA 001 1.00 0.30 0.30 p 0 0.440 0.160 0.048 
04776-01 Experimental Forest Hyd. Proj. ID 017 1.00 0.10 0.10 F 21,439 0.100 0.048 0.005 
04778-01 Morris Creek ID 017 1.00 0.10 0.10 F 22,980 0.200 0.102 0.010 
04780-00 Keokee Creek ID 017 1.00 0.10 0.10 F 45,106 0.100 0.043 0.004 
04858-00 Arena Drop ID 027 1.00 0.95 0.95 p 0 0.540 0.188 0.179 
04885-20 Twin Falls WA 033 0.68 0.95 0.68 F 3,609 20.000 8.801 5.985 
04886-02 Sand Hollow WA 025 1.00 0.30 0.30 p 0 1.700 0.993 0.298 
04887-02 CCL4 Hydroelectric Project WA 025 1.00 0.30 0.30 p 0 0.600 0.354 0.106 
04890-01 Bumping Lake WA 077 0.69 0.25 0.25 G 2,108 31.000 18.493 4.623 
04905-03 Big Lost River ID 037 0.94 0.60 0.60 M 10,648 3.000 0.491 0.295 "" 
04948-02 Thief Valley OR 061 0.94 0.60 0.60 G 0 0.712 0.331 0.199 

0 ..., 
m 

05038-00 Main Canal 6 ID 001 1.00 0.95 0.95 s 8,554 1.200 0.480 0.456 z 
:§ 

..., 
05039-00 Golden Gate ID 027 1.00 0.95 0.95 s 0 0.700 0.313 0.298 s; 

r 
z 05040-00 Fargo Drop 2 ID 027 1.00 0.95 0.95 p 15,955 0.175 0.076 0.072 [;: 
0 
q 05041-00 Main Canal 10 ID 027 1.00 0.95 0.95 p 12,165 0.500 0.241 0.229 

0 m 
:r: ~ :E 05042-00 Fargo Drop 1 ID 027 1.00 0.95 0.95 p 5,709 0.650 0.277 0.263 m r 
(/) 05043-00 Waldvogel Bluff ID 001 1.00 0.95 0.95 p 14,581 0.300 0.130 0.124 0 ..., ~ 
"" 05056-00 Low Line 8 ID 027 1.00 0.95 0.95 p 8,611 0.385 0.175 0.166 = 0 r 

~ 05074-06 Mill Creek OR 019 0.49 0.95 0.49 F 3,296 10.500 3.702 1.830 
m 

;,, ~ 
"" 05094-01 Barnum Creek MT 053 0.91 0.10 0.10 F 12,409 0.300 0.150 0.015 0 

~ 
;,, 

05097-01 Lime Creek MT 047 1.00 0.10 0.10 F 24,366 0.100 0.057 0.006 0 

"" I 05098-00 Hall Creek MT 047 0.99 0.10 0.10 F 4,736 0.400 0.238 0.024 0 
< :E 
0 05100-01 Indian Springs MT 053 0.96 0.10 0.10 F 6,009 0.375 0.169 0.017 m 
r ;,, 
C 
:::: 05101-01 Deep Creek WA 065 1.00 0.10 0.10 F 12,172 0.150 0.084 0.008 

(/) 

=i 
m m 
= 05102-01 Brush Creek MT 053 1.00 0.10 0.10 F 7,833 0.100 0.057 0.006 (/) 
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> 05104-01 Ruby Creek MT 053 0.99 0.10 0.10 F 5,412 0.300 0.148 0.015 m 
z :r: 
I 05106-01 Highland Creek ID 021 1.00 0.10 0.10 F 9,930 0.150 0.080 0.008 -< 
< Cl 
0 

05107-01 Spruce Creek Water Power ID 021 1.00 0.10 0.10 F 13,333 0.200 0.087 0.009 " [: 0 .,, 
:::: 05108-01 Curley Creek ID 021 0.88 0.60 0.60 F 3,597 0.500 0.285 0.171 0 
m :e 
= 05109-01 Hellroaring Creek ID 021 1.00 0.10 0.10 F 16,043 0.125 0.065 0.007 m 

" 05110-01 Curtis Creek ID 017 0.98 0.10 0.10 F 16,095 0.050 0.032 0.003 "' :j 

05112-01 Falls Creek ID 017 0.86 0.10 0.10 F 13,518 0.100 0.056 0.006 m 
VO 

05113-01 Canyon Creek ID 017 0.86 0.10 0.10 F 22,637 0.075 0.033 0.003 

05116-01 Tieton Canal Drop WA 077 1.00 0.30 0.30 p 3,735 10.000 3.002 0.901 

05208A02 Lower Crow Creek MT 047 1.00 0.20 0.20 G 0 1.000 0.500 0.100 

05241-01 Wallace Creek Hydro Project WA 073 1.00 0.20 0.20 0 8,647 3.000 1.484 0.297 

05242-01 Warm Creek WA 073 1.00 0.10 0.10 F 0 3.200 1.484 0.148 

05278-03 N. Fork Flume Creek Hyd Proj. WA 051 1.00 0.87 0.87 D 0 0.100 0.060 0.052 

05279-05 Birch Creek WA 073 1.00 1.00 0.87 D 0 0.010 0.007 0.006 

05290-01 Pugh Creek WA 061 0.98 0.10 0.10 F 4,943 2.800 1.427 0.143 

05299-00 Ana Springs OR 037 0.82 0.25 0.25 D 5,901 0.350 0.251 0.063 

05301AO0 Drews 2 OR 037 1.00 0.30 0.30 p 0 0.300 0.104 0.031 

05301B00 Drews 1 OR 037 1.00 0.30 0.30 p 8,771 0.186 0.078 0.024 

05341-01 Mineral Butte WA 061 0.51 0.90 0.51 F 0 5.000 2.235 1.145 

05349-00 Swift Creek WA 073 0.98 0.85 0.85 F 3,478 17.500 6.279 5.337 

05364-00 Deschutes-Tumwater WA 067 0.70 0.60 0.60 G 7,121 2.500 0.890 0.534 

05376-06 Horseshoe Bend ID 015 0.63 0.95 0.63 F 4,043 9.500 5.959 3.730 

05396-00 Fairwell Bend OR 029 0.83 0.10 0.10 F 0 3.100 1.998 0.200 

05407-00 Oakley Dam ID 031 0.97 0.25 0.25 G 0 0.836 0.325 0.081 

05409-00 C. Ben Ross Dam ID 003 0.98 0.25 0.25 G 17,503 2.050 0.394 0.099 

05415-00 Trail Creek ID 013 0.94 0.25 0.25 G 0 0.300 0.150 0.038 

05418-01 Big Creek WA 057 0.98 0.60 0.60 F 3,211 17.500 6.621 3.973 
05454-00 Sheep Creek Falls WA 065 0.51 0.60 0.51 L 1,143 4.900 3.430 1.736 
05467-01 Little North Fork MT 053 0.99 0.10 0.10 F 0 0.150 0.077 0.008 
05468-01 Flower Creek MT 053 0.99 0.10 0.10 F 9,952 0.400 0.190 0.019 
05470-01 North Meadow Creek MT 053 0.97 0.10 0.10 F 11,084 0.150 0.076 0.008 
05471-02 Upper Tenmile Creek MT 053 0.91 0.10 0.10 F 27,676 0.300 0.110 0.011 
05475-01 O'Brian Creek MT 053 0.89 0.10 0.10 F 10,839 0.250 0.120 0.012 
05476-09 Lower Tenmile Creek MT 053 0.91 0.10 0.10 F 28,091 0.200 0.090 0.009 
05477-01 Whitetail Creek MT 053 1.00 0.10 0.10 F 15,790 0.050 0.021 0.002 

05478-00 Boulder Creek MT 053 0.89 0.10 0.10 F 5,783 0.750 0.367 0.037 
05479-01 Camp Creek MT 053 0.78 0.10 0.10 F 11,893 0.225 0.095 0.009 
05480-01 Pheasant Creek MT 053 1.00 0.10 0.10 F 11,135 0.075 0.050 0.005 > .,, .,, 
05481-01 Middle Parsnip Creek MT 053 1.00 0.10 0.10 F 114,133 0.075 0.037 0.004 m z 
05482-01 Gold Creek MT 053 1.00 0.10 0.10 F 29,471 0.200 0.064 0.006 Cl 

~ 

§ I 05483-01 Flat Creek MT 053 1.00 0.10 0.10 F 31,652 0.150 0.080 0.008 \"' 
"' 
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05484-01 Sutton Creek MT 053 1.00 0.10 0.10 F 18,676 0.260 0.153 0.015 

05485-00 Sullivan Creek MT 053 0.89 0.10 0.10 F 6,415 0.500 0.264 0.026 

05486-01 Arbo Creek MT 053 1.00 0.10 0.10 F 5,880 0.230 0.114 0.011 

05487-01 Independence Creek MT 053 1.00 0.10 0.10 F 12,776 0.100 0.050 0.005 

05488-01 Alexander Creek MT 053 1.00 0.10 0.10 F 13,365 0.060 0.036 0.004 

05489-01 Cyclone Creek MT 053 1.00 0.10 0.10 F 9,156 0.150 0.064 0.006 

05491-01 Cadette Creek MT 053 1.00 0.10 0.10 F 11,255 0.200 0.071 0.007 

05497-04 Falls Creek Small Hydro Proj. WA 009 1.00 1.00 0.10 F 6,242 0.200 0.160 0.016 

05498-00 Kaster Riverview ID 083 1.00 0.90 0.90 F 0 0.316 0.315 0.283 

05507 A00 Crooked River {Mile 2) OR 017 1.00 0.30 0.30 p 0 2.200 0.970 0.291 

05507B00 Crooked River {Station 688) OR 017 1.00 0.30 0.30 p 0 1.400 0.674 0.202 

05507C00 Crooked River {C) OR 017 1.00 0.30 0.30 p 0 10.700 2.694 0.808 

05513-00 Napoleon Gulch MT 053 1.00 0.10 0.10 F 10,373 0.125 0.060 0.006 

05517-01 Scout Creek MT 047 1.00 0.10 0.10 F 0 0.407 0.281 0.028 

05521-02 Porcupine Creek MT 047 0.99 0.10 0.10 F 4,446 0.259 0.179 0.018 
05522-02 Bethal Creek MT 047 1.00 0.10 0.10 F 3,634 0.263 0.182 0.018 

05525-02 Cedar Creek MT 047 0.89 0.10 0.10 F 0 0.377 0.260 0.026 

05544-00 Tomyhoi Creek WA 073 1.00 0.10 0.10 F 6,783 3.200 1.484 0.148 
05545-02 White Salmon Creek WA 073 1.00 0.82 0.82 F 6,716 1.300 0.765 0.627 

05554-01 Iron Mountain Project WA 057 0.64 0.90 0.64 F 3,653 1.620 0.836 0.539 

05556-01 South Fork Woodward Creek MT 047 0.99 0.10 0.10 F 4,093 1.411 0.974 0.097 
05558-01 Cold Creek MT 063 0.91 0.10 0.10 F 5,041 0.929 0.641 0.064 

05562-01 Upper Oak Grove Fork OR 005 0.76 0.10 0.10 F 3,339 10.500 7.420 0.742 

05584-01 Coffee Pot OR 037 0.61 0.10 0.10 L 0 3.750 1.027 0.103 

05600-01 Springfield Canal OR 039 1.00 0.30 0.30 p 0 0.300 0.263 0.079 

05608-00 McCully Creek OR 063 1.00 0.60 0.60 p 6,416 0.200 0.084 0.050 
"' 

05616-01 Icicle Creek WA 007 0.98 0.10 0.10 F 1,181 80.000 34.247 3.425 0 ...., 

05617 A00 Meadows W aterpower (A) WA 059 1.00 0.10 0.10 F 2,830 10.000 5.936 0.594 m 
:0 

z 

s 05617B00 Meadows W aterpower {B) WA 059 1.00 0.10 0.10 F 0 31.000 17.808 1.781 ~ 
z 05650-02 Kanaka Creek ID 047 1.00 0.60 0.60 p 12,250 0.090 0.046 0.027 ~ 
0 ~ 
q 05653-00 Mission Dam MT 047 1.00 0.20 0.20 J 10,950 0.300 0.148 0.030 0 

:r: m 
:E 05654-01 Hubbart Dam MT 029 0.99 0.20 0.20 J 41,394 0.250 0.070 0.014 < m 
m r 

"' 05655A00 Post Creek {A) MT 047 1.00 0.20 0.20 A 0 0.400 0.153 0.031 0 .., 
:l3 

"" 05655B00 Post Creek {B) MT 047 1.00 0.20 0.20 G 5,895 1.500 0.793 0.159 0 "' 
~ 

r 
05656A00 Dry Creek (A) MT 047 1.00 0.20 0.20 G 13,155 0.500 0.217 0.043 m 

;,; :r: 
;s 05656B00 Dry Creek (B) MT 047 1.00 0.20 0.20 p 0 5.000 0.234 0.047 .,' 

ti 
> 05658-00 Stahl Creek MT 053 0.97 0.10 0.10 F 4,690 0.750 0.518 0.052 

;,; 

z 0 
"' I 

< 05659-00 Williams Creek MT 053 0.99 0.10 0.10 F 4,393 1.300 1.036 0.104 0 

0 
:E 

r 05660-00 Deep Creek MT 053 0.99 0.10 0.10 F 9,963 1.500 1.053 0.105 m 
C 

;,; 

7 05661-00 Kopsi Creek MT 053 1.00 0.10 0.10 F 4,838 0.500 0.345 0.035 S2 
8 ;;j 
;:: 05663-01 Foundation Creek MT 053 0.99 0.10 0.10 F 6,929 0.350 0.242 0.024 [/l 
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05664-00 Blue Sky Creek MT 053 0.97 F 1.000 z 0.10 0.10 6,046 0.690 0.069 
I 
< 05699-00 Victor Falls WA 053 0.73 1.00 0.73 M 0 0.125 0.070 0.052 
0 
r 05711-01 Nespelem River WA 047 1.00 0.25 0.25 D 2,574 1.800 1.027 0.257 r ,,. 

05719-00 Bond Creek MT 047 0.96 0.20 0.20 F 0 0.367 0.254 0.051 i 
= 05733-00 Groom Creek MT 047 1.00 0.10 0.10 F 4,965 0.376 0.260 0.026 

05783-00 Woodward Tributary MT 047 0.99 0.10 0.10 F 13,485 0.200 0.100 0.010 
05819-00 Johnson Creek WA 061 1.00 0.10 0.10 F 4,503 4.700 1.781 0.178 
05823-00 Boulder Creek OR 039 0.87 0.10 0.10 F 2,553 4.900 2.694 0.269 
05825-00 May Creek WA 061 1.00 0.10 0.10 F 3,665 0.800 0.571 0.057 
05829-01 Beckler River Hydro Project WA 061 0.50 0.90 0.50 F 6,152 3.000 2.100 1.060 
05830-02 New Willamette Falls OR 005 0.68 0.25 0.25 G 0 60.000 34.932 8.733 
05851-00 Black Creek OR 039 0.93 0.20 0.20 M 0 9.000 4.589 0.918 
05853-00 Olney Creek Falls WA 061 0.70 0.60 0.60 G 2,590 1.500 1.062 0.637 
05877-00 Dodge Creek MT 053 0.76 0.10 0.10 F 13,210 0.760 0.524 0.052 
05882-00 Roaring Creek WA 007 1.00 0.10 0.10 F 5,491 0.600 0.282 0.028 
05883-00 Resort Creek WA 037 1.00 0.10 0.10 F 6,106 0.350 0.165 0.017 
05884-00 Rocky Run Creek WA 037 1.00 0.10 0.10 F 7,851 0.525 0.207 0.021 
05898-00 Bliss Diversion ID 047 1.00 0.30 0.30 p 0 0.550 0.331 0.099 
05899-00 Mill Creek W aterpower Project WA 037 1.00 0.10 0.10 F 0 0.225 0.100 0.010 
05903-01 Black Canyon ID 045 0.91 0.45 0.45 M 0 24.000 7.078 3.185 
05926A02 N. Fork Snoqualmie River (A) WA 033 0.73 0.60 0.60 C 37 14.800 7.400 4.440 
05926B02 N. Fork Snoqualmie River (B) WA 033 0.73 0.60 0.60 I 0 20.000 10.000 6.000 
05932-00 Crane Creek MT 047 0.91 0.10 0.10 F 4,819 0.210 0.145 0.014 
05939-00 Granite Creek Power Project WA 019 1.00 0.60 0.60 G 0 0.050 0.040 0.024 
05957-01 Reed Road Pump Generator OR 027 1.00 0.95 0.95 s 0 0.160 0.086 0.081 
05978-03 Diamond Creek WA 073 1.00 0.90 0.90 F 5,677 0.350 0.171 0.154 
05979-01 I Coulee Hydroelectric ID 083 1.00 0.60 0.60 F 5,075 0.299 0.186 0.111 
05982-00 Smith Creek Project WA 073 0.64 0.90 0.64 F 16,697 0.093 0.054 0.035 
06003-00 Wat son Creek WA 045 1.00 0.10 0.10 F 7,264 0.973 0.411 0.041 
06007-00 Boulder Creek WA 045 1.00 0.10 0.10 F 3,953 3.000 1.438 0.144 
06089-03 Skate Creek WA 041 0.71 0.90 0.71 F 2,428 5.000 3.653 2.601 
06092-05 Butter Creek WA 041 0.70 0.90 0.70 F 0 2.785 1.210 0.842 
06138-11 Pine Creek MT 053 1.00 0.60 0.60 F 6,471 0.350 0.138 0.083 
06143-00 Mt. Rose Hydro Project WA 045 1.00 0.10 0.10 F 4,364 0.200 0.199 0.020 
06151-06 Cabin Creek WA 031 1.00 0.95 0.95 F 2,948 2.890 1.355 1.287 
06165-00 Dixie Waterworks WA 041 1.00 0.60 0.60 F 0 0.001 0.001 0.000 
06169-00 Dupris Hydro WA 073 1.00 0.60 0.60 F 0 0.009 0.006 0.003 
06221-01 Black Creek WA 033 1.00 0.95 0.95 F 8,659 3.700 1.199 1.139 

> 
'ti 
";l 

06231-01 W ardenhoff Creek ID 085 1.00 0.90 0.90 F 3,425 0.392 0.120 0.108 i 
06247-00 Upper Big Creek WA 057 0.98 0.60 0.60 F 2,534 2.700 1.397 0.838 

::, 
~ 

§ I 06248-01 Waste Waterway 68D Dike 9 WA 001 1.00 0.30 0.30 p 12,883 0.250 0.114 0.034 
00 
I 

::0 
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06254-00 Lower Big Creek WA 057 0.98 0.60 0.60 F 0 3.610 1.842 1.105 
06259-00 Little Squaw Creek ID 045 0.98 0.20 0.20 F 0 0.800 0.320 0.064 
06260-01 Shafer Creek ID 015 0.86 0.60 0.60 F 0 0.150 0.060 0.036 
06263-01 Waste Waterway 68D Dike 8 WA 001 1.00 0.30 0.30 p 0 0.190 0.094 0.028 
06264-01 Waste Waterway 68D Dike 6 WA 001 1.00 0.30 0.30 p 0 0.220 0.108 0.033 
06271B00 White Water Ranch ID 047 1.00 0.90 0.90 F 59,523 0.030 0.022 0.020 
06272-00 Grade Creek Project WA 057 1.00 0.60 0.60 F 3,856 3.240 1.651 0.990 
06273-00 Big Creek WA 057 0.98 0.60 0.60 F 7,067 2.600 1.336 0.801 
06283B02 Twin Lks/Goose Lk/Brundage R ID 003 0.49 0.90 0.49 F 11,997 0.250 0.126 0.061 
06283C02 Twin Lks/Goose Lk/Brundage R ID 003 0.69 0.60 0.60 M 7,577 0.985 0.492 0.295 
06283D02 Twin Lks/Goose Lk/Brundage R ID 003 0.49 0.90 0.49 F 3,763 2.800 1.400 0.681 
06286-00 Little Wolf Creek WA 047 1.00 0.30 0.30 p 0 0.100 0.100 0.030 
06287-02 Lena Creek WA 031 1.00 0.60 0.60 F 2,485 5.000 2.671 1.603 
06301-00 Trout Creek WA 061 0.50 0.90 0.50 F 5,187 5.000 1.884 0.950 
06316-00 Carroll Creek WA 033 1.00 0.20 0.20 I 2,629 0.900 0.884 0.177 
06331-03 McGowan Properties WA 049 1.00 0.87 0.87 D 0 0.030 0.022 0.019 
06343-00 Dinner Creek OR 005 0.89 0.10 0.10 F 10,129 0.568 0.252 0.025 
06348-01 Harlan Creek WA 033 1.00 0.60 0.60 F 0 2.000 1.370 0.822 
06381-00 Little Goose Creek ID 003 1.00 0.82 0.82 F 3,146 0.730 0.307 0.252 
06382-00 Lemah Creek ID 085 1.00 0.60 0.60 F 2,751 0.559 0.264 0.158 
06385-00 Wind River WA 059 0.60 0.25 0.25 D 0 0.500 0.197 0.049 
06400-00 Mann Creek ID 087 0.95 0.25 0.25 G 10,115 0.365 0.160 0.040 
06401-00 Tyee/Jumbo Basin ID 085 1.00 0.60 0.60 F 3,072 0.741 0.298 0.179 
06406-01 Gerber Reservoir OR 035 0.95 0.25 0.25 A 0 0.190 0.095 0.024 
06407-00 KID Upper "C" Drop OR 035 1.00 0.30 0.30 p 0 0.760 0.308 0.092 
06415-03 Bagley Creek WA 073 1.00 0.60 0.60 F 4,078 3.000 1.427 0.856 .,, 
06422-06 Wyeth OR 027 0.64 0.90 0.64 F 5,571 1.000 0.308 0.199 0 

-l 
m 

06434-06 Ditch Creek ID 085 1.00 0.85 0.85 F 3,826 0.440 0.137 0.116 z 
-l 

"' 06437-05 Upper Glacier Creek WA 073 0.50 0.90 0.50 F 5,776 3.300 1.815 0.910 s: 
:cc r 

z 06444-02 Cedar Creek MT 053 0.97 0.90 0.90 F 553 1.300 1.300 1.170 ~ 
0 

06460-00 Dry Creek OR 001 1.00 0.95 0.95 p 0 0.421 0.235 0.224 0 

cl m 
< ::c 06461-08 Morse Creek WA 009 1.00 1.00 0.95 D 3,106 0.465 0.348 0.331 m 

:-;; s m 06468-01 Star Creek MT 053 0.97 0.60 0.60 F 0 2.000 0.571 0.342 V, ~ -l 
06472-01 King Hill/Draper ID 039 1.00 0.95 0.95 p 0 0.175 0.088 0.084 .,, "' 0 r 

:-;; 06477-01 Lilborn Creek WA 041 1.00 0.60 0.60 F 2,911 0.861 0.651 0.390 m 
m ~ " 06481-00 Beyer OR 005 0.97 1.00 0.97 G 0 0.024 0.008 0.007 ..,, 
r 06496-00 Skykomish Tributaries Project WA 061 1.00 0.10 0.10 F 4,410 3.260 1.631 0.163 " :,. 0 
z 

.,, 
06504-04 Upper Found Creek WA 057 0.90 0.82 0.82 F 3,985 1.870 0.936 0.768 0 

I :-;; 
< 06505-00 Howard Creek WA 061 1.00 0.10 0.10 I 5,089 3.450 1.727 0.173 m 
0 " r r 06506-00 Excelsior Creek WA 061 1.00 0.10 0.10 F 2,795 1.630 0.816 0.082 "' i =i 
m 06510-00 Trout Creek Water Power ID 021 0.77 0.10 0.10 F 0 3.780 1.941 0.194 tTl 

(/; 

= 
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:,:, S: .,, 

C, 
t"' t"' > 06524-05 Elk Creek Falls ID 035 0.62 0.85 0.62 F 2,515 4.320 2.167 1.344 tr1 z :i: 
I 06538-00 Helena Creek WA 061 1.00 0.20 0.20 F 4,840 1.810 1.084 0.217 "' < 0 
C 06552-08 Sprague River OR 035 0.66 0.95 0.66 F 6,073 1.119 0.656 0.433 :,:, 
t"' C C 

06558-00 Sullivan Springs ID 047 1.00 0.60 0.60 F 6,168 0.170 0.118 0.071 
.,, 

::: ~ tr1 
06568-04 Grave Creek 2 OR 033 0.49 0.95 0.49 F 7,154 2.500 1.267 0.627 = m 

:,:, 
06582-00 Woodcock Creek OR 005 0.87 0.60 0.60 F 0 0.082 0.046 0.027 Vl 

=1 
06600-03 Silver Creek WA 041 0.75 0.90 0.75 F 0 4.900 3.425 2.562 tr1 

Vl 

06616-00 Sky Creek WA 057 1.00 0.60 0.60 F 0 1.900 1.427 0.856 
06636-00 Big Elk Creek YMCA Camp ID 019 1.00 1.00 0.60 F 0 0.007 0.003 0.002 
06654-00 Fall Creek OR 005 0.82 0.10 0.10 F 0 1.400 0.848 0.085 
06656-00 McGee/Elk Creek OR 027 0.87 0.10 0.10 F 0 1.870 0.928 0.093 
06659-00 Sardine Creek OR 047 0.87 0.10 0.10 F 0 1.720 0.909 0.091 
06663-04 KTFI Creek ID 083 1.00 0.82 0.82 F 20,732 0.034 0.033 0.027 
06667-00 Battle Ridge ID 049 0.51 0.60 0.51 D 5,599 0.908 0.794 0.406 
06675-01 Spruce WA 059 0.69 0.60 0.60 A 3,556 0.385 0.170 0.102 
06692-01 Ollalie Creek OR 043 0.80 0.10 0.10 F 2,000 4.550 3.901 0.390 
06707-05 Sheep Falls ID 043 0.74 0.60 0.60 F 5,936 4.200 2.486 1.492 
06709-00 Cortright Creek WA 041 1.00 0.82 0.82 F 4,162 4.900 2.397 1.966 
06711-01 Crystal Springs Hatchery ID 047 1.00 0.60 0.60 s 7,182 0.200 0.182 0.109 
06717-00 Thunder Creek 3 WA 073 0.95 0.82 0.82 F 3,913 5.000 3.699 3.033 
06719-00 Th under Creek 2 WA 073 0.95 0.82 0.82 F 2,995 5.000 3.699 3.033 
06737-00 Th under Creek 1 WA 073 0.95 0.82 0.82 F 6,661 5.000 3.699 3.033 
067 41-00 Blackfoot Dam ID 029 0.92 0.25 0.25 G 9,729 1.000 0.685 0.171 
06760-00 Oroville-Tonasket Canal WA 047 1.00 0.20 0.20 p 2,434 2.000 1.438 0.288 
06769-00 Sixmile Creek MT 047 1.00 0.10 0.10 F 5,812 0.200 0.137 0.014 
06788-02 Deep Creek ID 083 0.75 0.82 0.75 F 19,794 0.280 0.127 0.095 
06798-00 Tunnel Creek OR 047 1.00 0.10 0.10 F 27,767 1.100 0.590 0.059 
06799-00 Lost Creek OR 039 1.00 0.10 0.10 F 0 3.200 2.797 0.280 
06800-00 White Water Creek OR 047 0.82 0.10 0.10 F 7,865 3.600 1.901 0.190 
06801-02 FID Project 3 OR 027 1.00 1.00 0.10 p 0 1.800 0.850 0.085 
06804-01 Downing Creek OR 043 0.89 0.10 0.10 F 2,936 3.277 1.802 0.180 
06824-02 Silver Creek WA 053 0.58 0.95 0.58 F 4,007 3.800 2.426 1.407 
06828-00 Lower Palouse River WA 021 0.32 0.10 0.10 0 0 50.000 13.402 1.340 
06832A00 Basin Creek {A) MT 093 0.91 0.10 0.10 F 0 0.190 0.076 0.008 
06832B00 Basin Creek (B) MT 093 0.82 0.10 0.10 0 0 0.090 0.063 0.006 
06836-00 Dryden WA 007 1.00 0.20 0.20 p 3,531 4.000 2.511 0.502 
06842-14 Wynoochee River WA 027 0.69 0.95 0.69 G 3,708 10.800 4.811 3.335 
06850-00 Cox's Hydro Project ID 083 0.75 0.90 0.75 F 0 0.300 0.088 0.066 > .,, 
06854-00 Brown's Pond ID 085 0.96 0.25 0.25 G 0 0.750 0.288 0.072 

.,, 
m z 

06857-01 Yakima Diversion Dam WA 077 0.71 0.25 0.25 A 0 0.650 0.400 0.100 0 
:::: 

§ I 06858-00 Honeymoon Creek MT 089 0.95 0.10 0.10 F 4,150 0.950 0.329 0.033 0, 
I 

C, 
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06859-00 Bull Run Creek ID 035 0.98 0.10 0.10 F 0 2.580 1.008 0.101 
06874-00 South Fork Eagle Creek OR 005 1.00 0.10 0.10 F 4,086 6.861 4.498 0.450 
06895-01 Fisher Creek ID 085 0.81 0.60 0.60 F 5,104 5.000 1.461 0.877 
06921-00 Dry Ridge OR 005 1.00 0.10 0.10 F 2,568 1.400 0.878 0.088 
06965-00 Hecla Power Project ID 079 1.00 1.00 0.10 G 0 0.000 0.878 0.088 
06978-00 Fern Ridge OR 039 0.91 0.20 0.20 G 0 2.500 0.822 0.164 
06979-00 Huckleberry Creek OR 039 0.87 0.20 0.20 F 0 5.700 5.575 1.115 
06989-01 Little Sardine Creek OR 047 1.00 0.10 0.10 F 0 0.305 0.153 0.015 
07018-00 Goldsborough Creek WA 045 0.72 0.25 0.25 G 8,563 0.380 0.151 0.038 
07028-00 Cottage Grove Dam OR 039 0.91 0.20 0.20 J 5,997 1.400 0.628 0.126 
07032-00 Gresham Brothers Lake Creek 3 ID 079 1.00 0.10 0.10 F 0 0.185 0.126 0.013 
07036A00 Stillaguamish Tributaries (A) WA 061 1.00 0.20 0.20 F 0 1.600 0.799 0.160 
07036E00 Stillaguamish Tributaries (E) WA 061 1.00 0.20 0.20 F 0 1.810 0.905 0.181 
07036F00 Stillaguamish Tributaries (F) WA 061 1.00 0.20 0.20 F 0 2.340 1.171 0.234 
07036G00 Stillaguamish Tributaries ( G) WA 061 1.00 0.20 0.20 F 0 3.580 1.790 0.358 
07038B00 Wallace-Isabel (B) WA 061 1.00 0.20 0.20 F 2,572 2.628 2.591 0.518 
07039-01 Bob Moore Creek ID 059 1.00 0.20 0.20 F 28,975 0.550 0.201 0.040 
07065-00 Long Lake Dam WA 043 1.00 0.30 0.30 p 2,247 67.610 30.537 9.161 
07074-00 Snowshoe Creek MT 053 0.89 0.60 0.60 F 0 4.500 2.051 1.231 
07075-00 McNary Fish Attraction WA 005 0.76 0.30 0.30 B 0 7.000 4.680 1.404 
07076-00 The Dalles WA 039 0.77 0.99 0.77 H 3,116 4.200 3.687 2.827 
07083-01 Savage Rapids OR 029 0.68 0.20 0.20 J 0 7.500 3.750 0.750 
07089-00 Alfred Teufel Nursery OR 067 0.91 0.85 0.85 F 10,433 0.040 0.012 0.010 
07092-00 P.E. 16.4 Wasteway Hendricks WA 021 1.00 0.30 0.30 p 4,114 0.790 0.587 0.176 
07097-01 Rainbow Creek Hydro WA 009 1.00 0.95 0.95 p 3,626 3.000 2.100 1.995 
07110-00 Boulder Creek ID 079 1.00 0.10 0.10 F 7,040 0.185 0.126 0.013 .,, 
07111-01 Wright Creek WA 027 1.00 0.60 0.60 F 6,740 0.500 0.251 0.151 

0 ..., 
m 

07134-00 Squirrel Creek OR 047 0.87 0.20 0.20 F 0 0.510 0.319 0.064 z ..., 
:;; 07166-00 Diamond Cogeneration OR 027 1.00 0.60 0.60 p 0 0.050 0.035 0.021 :;: 
:::: r 
z 07174-05 Cottrell WA 059 0.49 0.99 0.49 I 4,089 3.000 1.142 0.563 c:: 
0 Cl 
::1 07182-06 Davis Creek WA 041 0.77 0.82 0.77 F 2,422 1.600 0.742 0.570 tl1 

< :c 07184-00 Sorensen ID 037 0.78 0.10 0.10 F 0 0.030 0.029 0.003 tr'l 

"' 
r 

m 07185-00 NG Rock Creek 5 ID 079 1.00 0.10 0.10 F 0 0.150 0.126 0.013 
0 

(/) ~ ..., .,, 07214-01 Spring Creek WA 039 1.00 1.00 0.10 C 0 0.006 0.003 0.000 "' 0 r 

"' 07215-00 South Prairie Creek WA 053 0.60 0.20 0.20 D 
tri 

m 3,258 5.000 2.255 0.451 :c 
;o 07217-01 Valsetz OR 053 0.64 0.87 0.64 D 0 3.900 1.943 1.241 

-< 
-0 

Cl 

r Fall Creek 
;o 

07225-03 ID 003 1.00 0.85 0.85 F 5,031 1.091 0.298 0.253 0 
z 

.,, 
I 07255-01 Stanton Creek MT 029 0.81 0.10 0.10 F 8,290 0.100 0.080 0.008 0 

< "' 0 07269-00 Jim Boyd OR 059 1.00 1.00 0.10 F 16,906 1.095 0.483 0.048 m 
r 

;o 

C 07276-02 Fall Creek ID 077 0.95 0.60 0.60 F 2,563 0.150 0.137 0.082 
V, 

$'. ::; 
m 07286-00 Beulah ( Agency Valley) OR 045 0.94 0.25 0.25 G 2.000 

:-:: 
6,591 0.594 0.148 V. 

= 
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> 07289-00 Juntura OR 045 0.93 0.25 0.25 G 6,521 3.000 0.799 0.200 tn 
;r: z 07290-00 Hood River OR 027 1.00 0.20 0.20 p 0 3.960 2.232 0.446 ~ I Cl < 07294-03 North Fork OR 029 0.65 0.82 0.65 F 3,288 3.350 2.112 1.373 :,, 

0 0 
~ Timberline OR F 0.350 0.314 0.031 

.,, 
07311-00 005 0.82 0.10 0.10 0 0 ;::: :E m 07315-01 Curry Ditch OR 001 1.00 0.60 0.60 p 0 0.420 0.251 0.150 !Tl 

== :,, 
07318-02 Kirtley-York ID 013 0.76 0.60 0.60 D 0 0.600 0.382 0.229 V, 

:J 
07322-00 Trail Creek ID 081 1.00 0.20 0.20 p 4,455 0.450 0.212 0.042 01 

(/. 

07324-00 Dead Horse Creek ID 085 1.00 0.60 0.60 F 36,267 0.360 0.148 0.089 
07325-00 Rogue River OR 029 0.69 0.10 0.10 F 0 19.000 12.215 1.221 
07368-00 Wagner Enterprises OR 005 0.72 1.00 0.72 A 0 0.032 0.014 0.010 
07390-00 Little Palouse Falls WA 021 0.55 0.60 0.55 F 6,295 5.000 1.986 1.092 
07393-02 Bagley Creek Water WA 073 1.00 0.60 0.60 F 3,178 2.500 1.199 0.719 
07402-00 Dailey Creek OR 019 1.00 0.60 0.60 F 0 0.300 0.080 0.048 
07405-00 Upper Indian Creek OR 061 1.00 1.00 0.60 F 31,124 0.075 0.065 0.039 
07439-00 George 1 ID 043 0.74 0.10 0.10 F 6,168 2.649 1.804 0.180 
07440-00 George 2 ID 043 0.74 0.10 0.10 F 5,712 3.098 2.110 0.211 
07 441-00 George 3 ID 043 0.74 0.10 0.10 F 0 3.547 2.416 0.242 
07447-02 Portneuf River ID 005 0.73 0.99 0.73 I 2,744 0.744 0.445 0.324 
07 452-01 Clear Creek OR 001 0.89 0.82 0.82 F 0 0.522 0.459 0.376 
07455-00 Triple Creek WA 061 1.00 0.60 0.60 F 5,080 0.640 0.279 0.167 
07533-00 Farmers Irrigation District OR 027 1.00 0.95 0.95 p 0 2.500 1.484 1.410 
07562-00 Tomtit Lake Power Project WA 061 1.00 0.30 0.30 s 0 0.300 0.228 0.068 
07577-00 Burton Creek WA 041 1.00 1.00 0.30 F 7,175 0.800 0.400 0.120 
07589-00 Shingle Creek ID 049 1.00 0.85 0.85 F 5,790 0.621 0.160 0.136 
07 491-00 Italian Creek WA 015 1.00 0.10 0.10 F 0 1.500 0.228 0.023 
07598-00 Arrow Creek WA 057 1.00 0.10 0.10 F 0 0.950 0.380 0.038 
07600-00 Iron Creek WA 057 1.00 0.20 0.20 F 3,309 2.800 1.118 0.224 
07601-00 Peek-a-boo Creek WA 061 1.00 0.10 0.10 F 13,919 0.890 0.356 0.036 
07602-01 Loch Katrine WA 033 1.00 0.20 0.20 F 13,009 1.147 0.459 0.092 
07606-00 Harvey Creek WA 051 1.00 0.10 0.10 F 6,574 0.700 0.490 0.049 
07620-00 SMC Lake WA 033 0.73 0.20 0.20 F 4,579 1.700 0.670 0.134 
07627-00 Ashley Creek MT 029 0.93 0.10 0.10 F 4,318 0.352 0.243 0.024 
07640-00 French Cabin Creek WA 037 1.00 0.20 0.20 N 5,863 2.949 1.180 0.236 
07641-00 Black Creek WA 061 1.00 0.20 0.20 F 3,685 2.040 0.815 0.163 
07644-00 Greider Creek Water Power WA 061 1.00 0.20 0.20 F 6,690 0.860 0.342 0.068 
07666-00 Meadow Creek WA 061 1.00 0.20 0.20 F 0 3.470 1.389 0.278 
07668-00 Silver Creek WA 037 1.00 0.20 0.20 F 0 2.817 1.127 0.225 
07672-00 Canyon Creek WA 053 0.78 0.20 0.20 N 7,221 1.960 0.784 0.157 );, .,, .,, 
07675-00 Sloan Peak Water Power Proj WA 061 1.00 0.20 0.20 F 3,996 1.150 0.460 0.092 m 

/. 

07684-00 Leishman Irrigation System WA 037 1.00 1.00 0.20 s 0 0.032 0.007 0.001 Cl 
~ 

07697-00 Chester Dam ID 043 0.71 0.60 0.60 D 10,222 0.900 0.674 0.404 00 

25 I I 
tJ:j 
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07719-03 O.J. Power Company ID 071 1.00 1.00 0.60 F 6,695 0.146 0.152 0.091 
07732-00 Mason Dam OR 001 0.93 0.90 0.90 G 3,267 2.300 0.902 0.812 
077 41-00 Thorp Creek WA 037 1.00 0.20 0.20 F 7,583 2.393 0.957 0.191 
07786A00 Three Mile Falls 1 OR 059 1.00 0.30 0.30 p 0 5.000 0.463 0.139 
07786B00 Three Mile Falls 2 OR 059 1.00 0.30 0.30 p 0 3.700 0.722 0.217 
07788-01 Nancy 3 Water Power WA 051 1.00 0.10 0.10 F 4,945 0.200 0.171 0.017 
07806-01 Prospect Creek MT 089 0.86 0.95 0.86 F 3,535 2.900 0.936 0.807 
07817-00 Cummings Hydro Power ID 059 1.00 0.60 0.60 F 0 0.030 0.012 0.007 
07819-01 Lava Creek ID 023 1.00 0.10 0.10 F 7,384 0.530 0.308 0.031 
07829-00 Emigrant Dam OR 029 0.72 0.90 0.72 M 7,912 1.850 0.628 0.450 
07833-00 Gill Creek Hydro Project WA 007 1.00 0.20 0.20 F 6,380 0.993 0.397 0.079 
07834-00 Evans Lake WA 033 1.00 0.20 0.20 F 8,399 1.005 0.402 0.080 
07839-00 Cougar Creek WA 061 1.00 0.20 0.20 F 6,981 1.334 0.534 0.107 
07840-00 Hansen Creek WA 033 1.00 0.20 0.20 F 5,816 1.340 0.534 0.107 
07846-00 Bonneville Fish Attraction OR 051 0.76 0.20 0.20 B 0 7.600 7.237 1.447 
07858-00 Boulder Park OR 001 1.00 0.60 0.60 F 0 0.600 0.046 0.027 
07859-00 Carmen Creek ID 059 0.88 0.10 0.10 F 8,434 2.300 0.986 0.099 
07878-00 Hidden Springs ID 047 1.00 0.87 0.87 D 10,762 0.073 0.035 0.031 
07903-00 Squaw Creek OR 017 0.66 0.10 0.10 F 0 3.500 2.511 0.251 
07926-00 Spread Creek MT 053 0.89 0.10 0.10 F 7,393 0.700 0.490 0.049 
07940-00 Price Creek WA 073 1.00 0.60 0.60 F 2,020 1.900 1.073 0.644 
07978-00 Boulder Creek MT 039 0.99 0.60 0.60 F 2,406 0.500 0.194 0.116 
08040-02 Kinney Lake OR 063 1.00 0.20 0.20 p 6,104 1.277 0.596 0.119 
08043-03 Crow Creek OR 065 0.74 0.20 0.20 0 8,607 3.350 1.747 0.349 
08082-00 Cotten Hydro WA 041 1.00 0.60 0.60 F 0 0.040 0.020 0.012 
08094-02 Pine Creek OR 001 0.70 0.20 0.20 F 4,338 1.700 1.095 0.219 "" 
08120-00 Wallace Creek ID 059 0.98 0.60 0.60 F 0 0.007 0.007 0.005 0 

;;J 
08121-00 Deer Creek ID 015 0.98 0.95 0.95 F 1,414 0.383 0.275 0.261 z 

:0 -i 

~ 08128-00 Bob Nydegger Hydro Project ID 083 0.90 0.20 0.20 J 0 4.702 0.940 0.188 > r 
z 08130-01 Brush Creek ID 085 1.00 0.20 0.20 F 9,373 2.000 0.571 0.114 t;: 
0 
cl 08131-00 Box Creek ID 085 0.98 0.10 0.10 F 10,824 2.000 0.571 0.057 

0 
~ 

:c < 
:E 08133-04 East Fork Ditch ID 003 0.98 0.95 0.95 D 3,145 4.980 1.522 1.446 m 
m r 
(/) 08151-00 Clearwater Ditch and OR 063 1.00 0.95 0.95 s 0 0.057 0.047 0.045 0 
-i 5;' 
'"O 

Chamberlin Pipeline tc 
0 r 
:E 08183-00 Deer Creek WA 061 1.00 0.20 0.20 F 1,404 2.600 2.600 0.520 

m 
m :c 
tc ..,: 
'"O 08202-00 Home Project WA 041 1.00 0.60 0.60 F 0 0.008 0.002 0.001 0 

§ tc 
08229-00 Freeman Creek ID 059 0.98 0.10 0.10 F 6,066 1.200 0.853 0.085 0 .,, 

I 08250-00 Amy Ranch ID 023 0.98 0.82 0.82 F 11,389 0.450 0.228 0.187 0 
< :E 
0 08251-03 Riser Creek ID 017 0.88 0.10 0.10 F 7,040 0.500 0.225 0.022 m 
r tc 
C: (/) 

3:: 08253-00 Sharrott Creek MT 081 1.00 0.60 0.60 F 20,255 0.095 0.040 0.024 :j 
m [;l = 08279-00 Lincoln Bypass ID 063 1.00 0.60 0.60 p 2,070 1.960 1.139 0.684 



Table 8-B-1 
.,, 

:;; 0 ..., 
::: Potentially Developable Hydropower Sitesa m 
z z ..., 
0 > 3 r 

~ !::: 
m Installed Average Probable Cl 
(/l m ..., < .,, Location Development Probability Type Cost Capacity Energy Energy m 
0 r 
:;:; FERC No. Project Name ST COb River Regul. Final Codec ($/kWa)d (MW) (MWa) (MWa) 0 
m ~ 
;,:l 0:, ..,, [;; 
!;'. 08289-08 Noisy Creek WA 073 0.98 0.95 0.95 F 2,910 10.700 5.057 4.804 :i:: z 08314-00 Deer Creek WA 061 1.00 0.10 0.10 F 0 2.600 1.541 0.154 """ I Cl 
< 08332-00 1146 Wasteway WA 037 1.00 0.20 0.20 p 0 3.600 0.792 0.158 

;,:l 

0 0 
r ..,, 
r:: 08375-01 Blind Canyon ID 047 1.00 1.00 0.20 p 4,958 1.300 0.646 0.129 0 
$'. :;:; 
m 08379-01 Louie Creek ID 085 0.84 0.10 0.10 F 7,608 3.600 1.800 0.180 m 
= ;,:l 

08479-00 Damfino Creek WA 073 1.00 0.10 0.10 F 4,156 4.300 2.055 0.205 "' =1 
08481-00 Hill-Hagerman ID 047 1.00 0.60 0.60 s 12,188 0.050 0.050 0.030 m 

"' 
08515-00 Hope Creek OR 063 1.00 0.60 0.60 F 2,773 0.115 0.040 0.024 
08523-01 Jug Creek ID 085 1.00 0.10 0.10 F 9,733 1.500 0.308 0.031 
08524-01 Fall Creek ID 085 1.00 0.10 0.10 F 7,725 3.900 0.799 0.080 
08525-01 Boulder Creek ID 085 0.95 0.10 0.10 F 8,485 4.500 0.890 0.089 
0854 7-00 North Bend WA 033 0.77 0.10 0.10 F 2,490 7.700 3.938 0.394 
08601-01 Jore MT 047 1.00 0.85 0.85 F 897 1.000 0.362 0.307 
08612-01 Geo-Bon 1 ID 063 0.64 0.85 0.64 F 2,252 1.350 0.799 0.511 
08643-00 Lower Patterson Creek ID 059 0.82 0.20 0.20 F 7,164 1.350 0.675 0.135 
08646-06 Mink Creek ID 041 1.00 1.00 0.20 F 2,497 2.750 1.071 0.214 
08667-00 Greenwood ID 053 1.00 0.60 0.60 p 0 2.400 2.352 1.411 
08670-00 Prineville OR 013 0.90 0.20 0.20 G 0 2.900 1.949 0.390 
08706-04 Keechelus to Kachess WA 037 1.00 0.20 0.20 J 0 3.250 2.477 0.495 
08790-00 Wishkah WA 027 1.00 0.95 0.95 s 0 0.330 0.220 0.209 
08795-00 Royal Catfish ID 053 1.00 0.60 0.60 p 0 3.100 2.800 1.680 
08804-01 Strawberry Flats OR 029 0.93 0.20 0.20 M 0 20.000 7.991 1.598 
08860-03 Little Gold MT 039 1.00 1.00 0.20 F 5,017 0.450 0.217 0.043 
08864-03 Calligan Creek WA 033 0.77 0.45 0.45 F 0 5.050 2.020 0.909 
08871-00 Marsh Valley ID 005 1.00 0.60 0.60 p 3,796 1.700 0.813 0.488 
08917-00 Phillips Ditch OR 001 0.87 0.20 0.20 F 8,674 0.260 0.153 0.031 
08946-01 Willow Creek ID 031 1.00 0.20 0.20 F 10,665 0.740 0.308 0.062 
08950-04 Twelve Mile Creek ID 059 0.76 0.10 0.10 F 0 0.450 0.338 0.034 
08971-05 Lincoln Bypass ID 063 1.00 0.95 0.95 p 2,070 1.900 1.139 1.082 
09006-02 Tumalo Creek OR 017 0.76 0.25 0.25 D 6,186 7.300 3.311 0.828 
09025-00 Hancock Creek WA 033 0.77 0.45 0.45 F 0 5.220 2.599 1.169 
09035-00 Clarence Creek OR 057 0.53 0.95 0.53 F 3,120 0.550 0.258 0.138 
09044-01 Bigg's Creek WA 011 1.00 0.95 0.95 F 0 0.015 0.006 0.005 
09060-01 North Boulder Creek OR 005 1.00 0.10 0.10 F 0 3.100 1.747 0.175 
09067-01 Warm Springs Creek OR 019 0.87 0.20 0.20 F 0 3.000 1.374 0.275 
09103-02 Cherry Creek OR 003 1.00 0.85 0.85 F 1,647 0.015 0.006 0.005 
09121A00 Nampa 1 ID 027 0.98 0.25 0.25 G 0 4.000 1.204 0.301 
09121B00 Nampa 2 ID 027 0.98 0.25 0.25 G 0 4.000 1.204 0.301 ~ ..,, 
09134-00 Dry Creek ID 023 1.00 1.00 0.25 s 0 3.600 2.021 0.505 m z 
09247-01 Pratt Creek ID 059 1.00 0.82 0.82 F 8,126 0.305 0.183 0.150 

Cl 
x 

09336-00 Eagle Creek WA 047 1.00 0.20 0.20 F 0 0.350 0.137 0.027 "' 
~ I 

I 
0:, 



t I Table 8-B-1 
Potentially Developable Hydropower Sitesa 

Installed Average Probable 
Location Development Probability Type Cost Capacity Energy Energy 

FERC No. Project Name ST COb River Regul. Final Codec ($/kWa)d (MW) (MWa) (MWa) 

09364-00 Painted Rocks Dam MT 081 0.99 0.45 0.45 J 0 5.000 3.500 1.575 
09377-02 Big Quilcene WA 031 0.70 0.25 0.25 G 1,173 1.000 5.708 1.427 
09424-04 Cascade Creek ID 021 0.77 0.95 0.77 F 2,286 0.900 0.405 0.313 
09491-00 Fall Creek OR 039 0.70 0.45 0.45 M 0 1.400 0.719 0.324 
09543A00 Rim View Trout Company, Inc. ID 047 1.00 0.65 0.65 s 9,911 0.215 0.205 0.133 
09543B00 Rim View Trout Company, Inc. ID 047 1.00 0.65 0.65 s 6,861 0.333 0.317 0.206 
09587-00 Patterson Creek Associates ID 059 0.74 0.20 0.20 F 4,448 3.000 1.712 0.342 
09633-01 Hawkins Willow Creek ID 019 0.75 0.20 0.20 F 6,647 0.693 0.428 0.086 
09643-00 Tony Creek MT 089 0.96 0.55 0.55 D 0 0.100 0.040 0.022 
09656-02 Marble Creek ID 079 0.65 0.95 0.65 F 0 3.200 1.142 0.742 
09693-00 Challis Canal ID 037 1.00 0.30 0.30 p 2,871 1.600 1.313 0.394 
09867-00 Newman Ranch ID 059 0.73 0.60 0.60 F 20,859 0.140 0.086 0.052 
09883-02 Black Canyon WA 033 1.00 0.45 0.45 F 0 2.500 13.744 6.185 
09885-03 Falls River ID 043 1.00 0.95 0.95 p 1,307 7.500 5.274 5.010 
09890A02 Upper Mesa Falls ID 043 0.74 0.10 0.10 F 1,763 8.000 7.203 0.720 
09907-00 Sunshine ID 059 1.00 1.00 0.10 s 5,503 0.110 0.065 0.006 
09940-00 Pines Hydro ID 037 1.00 0.20 0.20 F 11,200 0.900 0.628 0.126 
09975-00 Howard Hanson Dam WA 033 0.68 0.50 0.50 G 0 24.500 12.250 6.125 
09986-00 Elk Creek Lake OR 029 0.71 0.45 0.45 M 0 7.000 4.900 2.205 
09998-00 St Anthony Canal ID 043 1.00 0.20 0.20 p 0 0.800 0.628 0.126 
10002-00 Lake Isabel WA 061 1.00 0.40 0.40 I 0 5.000 2.500 1.000 
10019-01 Scoggins Water Power OR 067 0.69 0.20 0.20 M 0 1.500 0.474 0.095 
10027-00 Broughton WA 059 0.57 0.55 0.55 D 0 4.500 4.326 2.380 
10039-00 Riverdale Hydro ID 041 0.74 0.20 0.20 F 0 5.200 2.215 0.443 
10040-01 Dry Creek ID 041 0.74 0.20 0.20 F 17,776 14.000 2.340 0.468 
10069-00 Upper Deer Creek OR 033 0.55 0.95 0.55 F 0 3.350 1.296 0.713 

"O 

10100-00 Irene Creek WA 057 1.00 0.45 0.45 F 0 3.680 1.839 0.828 0 
-l 

10101-00 Black Creek WA 061 1.00 0.45 0.45 F 0 1.230 0.629 0.283 m z 
:3 10106-00 South Creek ID 023 1.00 0.45 0.45 F 0 0.450 0.198 0.089 

--i 
;;:: - 10115-01 Bull Run Creek ID 035 0.98 0.20 0.20 0 0 3.950 2.765 0.553 
r 

:z C: 
0 10145-00 Lowe Creek WA 033 1.00 0.45 0.45 F 0 1.720 0.864 0.389 0 a t!1 
:i 10146-00 San Juan Creek WA 061 1.00 0.45 0.45 F 0 2.240 0.896 0.403 < 
:E s t!1 10148-00 Bear Creek WA 061 1.00 0.45 0.45 F 0 2.700 1.080 0.486 "' --i 

10151-00 Howard Creek WA 061 0.45 F 
;;; 

-0 1.00 0.45 0 3.500 1. 727 0.777 t:O 
0 

10152-00 Excelsior Creek WA r 
:E 061 1.00 0.45 0.45 F 0 1.700 0.816 0.367 t!1 

; 10164-00 Hazelton A ID 053 1.00 0.95 0.95 p 0 8.940 2.854 2.711 =2 .,, c; 
r 10178-00 Deadwood Dam ID 085 0.87 0.20 0.20 J 0 2.600 2.055 0.411 :,, 
;, 0 z 10180-00 Deep Creek ID 003 0.98 0.45 0.45 F 0 1.646 0.982 0.442 

-0 

I 0 
< 10184-00 Pressentin Creek WA 057 1.00 0.45 0.45 F 0 3.160 1.264 0.569 

:E 
0 t"!; 
r :,, 
C: 10186-00 Sloan Creek WA 061 1.00 0.45 0.45 F 1,333 3.620 2.174 0.978 V, 
7 :::i m 10187-00 Salmon Creek WA 061 1.00 0.45 0.45 F 1,712 2.880 1.438 0.647 t!1 
::: V, 



Table 8-B-1 "O 

~ 0 

Potenti"ally Developable Hydropower Sitesa 
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:c: rn 
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Installed Average Probable C rn 
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"O 
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0 
FERC No. Project Name ST COb River Regul. Final Codec ($/kWa)d (MW) (MWa) (MWa) 5 ::: S:' rn 

;,, tr: 
"O 

r 
r 10189-00 Burn Creek WA 033 1.00 0.45 0.45 F 1,357 3.440 1.751 0.788 ::n 
:,, 
z 10193-00 Crystal Creek WA 061 1.00 0.45 0.45 F 1,457 2.880 1.467 0.660 :::: 
I g 
< 10194-00 Helena Creek WA 061 1.00 0.45 0.45 F 1,114 2.200 1. 701 0.765 0 0 

t: "' 10197-00 Skykomish Tributaries WA 061 1.00 0.45 0.45 F 0 4.408 2.626 1.182 0 ..., ::: m 10206-01 New Prospect OR 029 0.82 0.20 0.20 I 2,176 16.000 11.073 2.215 rn 
;,, 

:: 
10208-00 Enterprise Hydro ID 043 1.00 0.65 0.65 p 0 1.200 0.600 0.390 V, 

=i 
10210-00 Harlan Creek WA 033 1.00 0.40 0.40 I 0 2.330 1.164 0.466 rn 

Vl 

10213-00 Boulder Creek 1 WA 061 1.00 0.45 0.45 F 0 1.362 0.680 0.306 
10214-00 Evergreen Creek WA 061 1.00 0.45 0.45 F 0 1.701 0.850 0.383 
10215-00 Fourth of July Creek WA 061 1.00 0.45 0.45 F 0 1.696 0.848 0.382 
10216-00 Bullbucker Creek WA 061 1.00 0.45 0.45 F 0 1.548 0.774 0.348 
10217-00 Johnson Creek WA 061 1.00 0.40 0.40 I 0 2.515 1.258 0.503 
10222-00 Barometer Creek 2 WA 073 1.00 0.45 0.45 F 0 10.700 5.365 2.414 
10236-00 Lower Cedar Creek ID 037 1.00 0.40 0.40 C 0 2.660 1.330 0.532 
10237-00 Low Head 1 WA 001 1.00 0.95 0.95 p 2,524 0.200 0.080 0.076 
10238-00 Low Head 2 WA 001 1.00 0.95 0.95 p 2,524 0.200 0.080 0.076 
10239-00 Low Head 3 WA 001 1.00 0.95 0.95 p 2,524 0.200 0.080 0.076 
10256-00 Hood Street Reservoir WA 053 1.00 1.00 0.95 u 0 0.800 0.548 0.521 
10258-00 Sonny Boy Creek WA 057 1.00 0.45 0.45 F 0 3.510 1.791 0.806 
10266-00 Found Creek 2 WA 057 0.90 0.45 0.45 F 0 4.120 2.079 0.935 
10272-00 Thunder Creek WA 057 0.90 0.45 0.45 F 0 2.494 1.244 0.560 
10273-00 Shannon Creek WA 073 1.00 0.45 0.45 F 0 2.430 1.215 0.547 
10274-00 Sibley Creek WA 057 1.00 0.45 0.45 F 0 2.980 1.493 0.672 
10277-00 Wells Creek WA 073 1.00 0.20 0.20 F 0 6.514 3.257 0.651 
10287 A00 Grandy Creek Tributary 1 WA 057 1.00 0.45 0.45 F 0 2.524 1.261 0.568 
10287B00 Grandy Creek Tributary 2 WA 057 1.00 0.45 0.45 F 0 0.680 0.548 0.247 
10290-00 Sandy + Dillard Creek WA 073 1.00 0.45 0.45 F 0 3.787 1.894 0.852 
10299-00 Nooksack River Tributary WA 073 1.00 0.45 0.45 F 0 5.467 2.734 1.230 
10305-00 Hidden Creek WA 073 1.00 0.45 0.45 F 0 4.805 2.402 1.081 
10326-00 Hazelton B ID 053 1.00 0.95 0.95 p 0 7.500 2.580 2.451 
10328-00 Alma/ Copper Creek WA 057 1.00 0.45 0.45 F 0 10.478 5.239 2.357 
10356E00 Middle Fork Snoqualmie River WA 033 1.00 0.45 0.45 F 0 1.397 0.699 0.314 
10356G00 Middle Fork Snoqualmie River WA 033 1.00 0.45 0.45 F 0 2.072 1.037 0.466 
10360-00 Upper S. Fork Snoqualmie River WA 033 0.63 0.40 0.40 I 7,379 1.838 0.919 0.368 
10371-00 Bear Creek Power WA 057 0.97 0.50 0.50 G 1,988 2.000 1.370 0.685 
10382C00 N. Fork Snoqualmie (Calligan) WA 033 0.77 0.20 0.20 F 1,448 3.583 1.791 0.358 
10382D00 N. Fork Snoqualmie (Hancock) WA 033 0.77 0.20 0.20 F 2,848 4.328 2.164 0.433 
10392-00 Falls Creek WA 061 1.00 0.45 0.45 F 7,021 3.460 1.764 0.794 

:,, 
"O 
"O 

10396B00 North Fork Payette ID 015 0.43 0.40 0.40 C 0 320.000 114.808 45.923 m z 
10398-00 Goblin Creek WA 061 1.00 0.45 0.45 F 0 0.759 0.377 0.170 0 

>'. 
7"' I 10416-00 Anderson Creek WA 073 1.00 0.45 0.45 F 2,052 3.094 1.705 0.767 '" I 

tr: 
V, 
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10420-00 Tye River WA 033 1.00 0.60 0.60 I 0 8.000 3.984 2.390 
10421-00 Howard Creek WA 057 0.90 0.40 0.40 C 1,213 4.230 2.115 0.846 
10424-00 Anderson Creek WA 073 1.00 0.20 0.20 F 3,558 3.500 1.370 0.274 
10428-00 Ebey Hill WA 061 1.00 1.00 0.20 M 4,051 0.100 0.070 0.014 
10432-00 Lookout-Fossil Creek WA 073 1.00 0.40 0.40 I 0 1.500 0.582 0.233 
10433-00 Ririe ID 019 0.96 0.20 0.20 G 2,365 3.400 2.283 0.457 
10468-00 Dike ID 005 0.80 0.85 0.80 F 0 1.700 0.850 0.677 
10496-00 Big Creek WA 033 1.00 0.45 0.45 F 2,675 1.183 0.591 0.266 
10536-00 Enloe Dam WA 047 0.70 0.50 0.50 G 0 4.500 3.425 1.712 
10540-00 Harry Nelson ID 087 0.79 0.35 0.35 L 1,401 4.500 2.333 0.817 
10552-00 Mile-28 Water Power ID 053 1.00 0.65 0.65 p 0 1.500 0.750 0.487 
10558-00 McCoy Creek WA 061 0.73 0.20 0.20 M 3,541 0.230 0.228 0.046 
10568-00 Cispus River 3 WA 041 0.77 0.45 0.45 F 0 13.100 9.804 4.412 
10574-00 Freeway Drop ID 039 1.00 0.65 0.65 p 0 1.400 0.685 0.445 
10607-00 Reeds Creek ID 035 0.88 0.45 0.45 F 10,556 4.800 1. 735 0.781 
10610-00 Trout Creek ID 029 0.95 0.60 0.60 D 5,466 0.640 0.274 0.164 
10611-00 Whiskey Creek ID 029 0.91 0.60 0.60 D 2,353 0.640 0.584 0.351 
10625-00 Taneum Chute WA 037 1.00 0.65 0.65 p 0 0.760 0.212 0.138 
10671-00 Silver Creek WA 041 0.81 0.10 0.10 F 0 6.000 4.566 0.457 
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Table 8-B-1 
Potentially Developable Hydropower Sitesa 

NOTES: 

a This table was compiled using the best information available to the Council at the time the draft plan was prepared. Hydropower site 
information changes over time and is being refined constantly. Therefore, the inclusion of a specific project on this list does not imply 
that there are no institutional constraints on the development of the project. In particular, it should be noted that possible constraints 
presented by the Oregon listings of the federal Wild and Scenic Rivers Act and the Oregon Scenic Waterway Act (ORS 390805 to 390925) 
may apply to certain projects included on this list. 

b Federal General Data Standard county code (key follows). 

C Type code key: 

Status of Run-of River 
Waterway Run-of Reservoir with Storage 
Structure River Diversion Diversion Reservoir 

Existing A D G J 
Existing w /power B E H K 
Undeveloped C F I L 

d Note that capital cost is in terms of dollars per average kilowatt energy production. 

Storage 
Reservior with 

Diversion 

M 
N 
0 

Canal 

p 
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s 
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Pumped 
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ACCOUNTING FOR ENVIRONMENTAL EFFECTS IN RESOURCE PLANNING CHAPTER9 

CHAPTER9 

ACCOUNTING FOR ENVIRONMENTAL 
EFFECTS IN RESOURCE PLANNING 

The Council's Environmental Strategy 

The Northwest Power Act identifies several distinctly 
different ways that environmental effects are to be consid
ered by the Council, as it develops its power plan, and by 
the administrator of the Bonneville Power Administration 
when he acquires the capability or output of resources. 
Section 4( e )(2) of the Act requires the Council to give 
"due consideration" to the environment in developing its 
plan for the region. Section 4(e)(3)(C) requires the Coun
cil to include in the plan "a methodology for determining 
quantifiable environmental costs and benefits under sec
tion 3(4)." Section 3(4)(B) defines incremental system 
costs of a resource to include "such quantifiable environ
mental costs and benefits as the administrator determines 
on the basis of a methodology developed by the Council a~ 
part of the plan ... are directly attributable to such measure 
or resource." 

Congress recognized that the Council would need to 
consider environmental effects in the planning stage, be
fore specific information related to resource siting is avail
able. At that phase of planning, it is not possible to 
develop specific estimates of environmental effects. Con
sequently, the Council's consideration of environmental 
effects must be focused on general impacts associated with 
various types of electricity resources. This required the 
Council to use considerable judgment in its deliberations 
on how environmental effects are factored into establish
ing priorities for resource acquisition. 

To shape that judgment, the Council adopted the fol
lowing strategy to help explore the environmental effects 
of resources and to decide how to incorporate them in the 
planning process. 

1. The Council elected to continue to incorporate exist
ing regulations in resource costs. The costs of meeting 
existing laws and regulations, such as provisions in the 
Clean Air Act, are reflected in the resource costs 
used throughout the power plan. In some cases, for 
example in its choice to focus on coal-gasification in 

1991 NORTHWEST POWER PLAN - VOLUME II 

lieu of pulverized coal plants, the Council has gone 
beyond present and anticipated regulatory action. 

2. The Council elected to continue incorporating into 
resource decisions prior environmental judgments on 
resources. In prior deliberations, the Council moved 
to protect the environment in specific ways. For exam
ple, the Council incorporated indoor air quality provi
sions in its efforts to secure energy-efficient housing; 
it designated certain river stretches as protected from 
hydropower development; and it developed criteria 
that are to be met before Bonneville offers financial 
assistance for hydropower development. These costs 
and constraints are incorporated into the assessment 
of each resource and are discussed in their respective 
chapters. In this plan, the Council has indicated its 
intent to develop criteria for the siting, licensing and 
operation of other resources in its portfolio. 

3. The Council conducted sensitivity analyses to see 
what would happen if resources with less environmen
tal impact were favored over the base-case portfolio 
analysis. This meant departing from strict cost-effec
tiveness, based on internalized costs, by switching the 
places of resources in the portfolio. These, as well as 
other sensitivity studies, were crucial in helping define 
the activities in Volume I, Chapter 1, and the possible 
consequences of those actions. The sensitivity analyses 
are described more fully in the resource portfolio 
chapter (Volume II, Chapter 10). 

4. The Council developed descriptive information on 
emissions and other key impacts from resources, to 
the extent information is available. This chapter com
piles the information that was collected on each re
source. The information was used to help judge the 
relative environmental impact of each resource. 

5. The Council allowed an additional 2 cents per 
kilowatt-hour of credit for conservation, because of its 
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CHAPTER9 

many non-quantified benefits, including its environ
mental advantage over other resources. In addition, it 
focused much of the near-term activity toward confir
mation of renewable resources. This activity should 
speed the entry of those resources into the regional 
mix of generating plants. 

6. The Council elected to constrain its reliance on cer
tain resources. Part of the reason for these limitations 
was to reflect the uncertainty surrounding possible 
environmentally based regulation of fossil fuel com
bustion. It appears increasingly likely that some form 
of regulation or taxation of carbon dioxide and other 
"greenhouse" gases could occur. Therefore, the 
Council felt it was prudent to anticipate some limita
tions on the desirability of fossil-fuel combustion re
sources. Thus, the initial reliance is on conservation 
and natural gas, with conversion from natural gas to 
coal gasification remaining as an option subject to 
conditions of the future. 

In implementing the strategy described above, the 
Council effectively weighed the costs and benefits of envi
ronmental mitigation and explored alternative actions to 
incorporate environmental considerations. None of these 
choices led to establishing an explicit dollar value for ex
ternalities. However, the actions did lead to a more in
formed judgment about which resources are most 
appropriate to meet loads and which have the least impact 
on the environment. The final judgment was that conser
vation, in particular, and most renewable resources have 
fewer and less severe environmental impacts than either 
fossil-fuel-based generation or nuclear power and, there
fore, should be vigorously pursued before the develop
ment of fossil-fuel-based generation or nuclear. This is 
especially important given the large uncertainty intro
duced by potential regulation of emissions from fossil-fuel 
burning plants to control global warming. Action on con
servation has effectively become the theme of the power 
plan, and this theme is reflected in the direction given in 
the recommended activities in Volume II, Chapter l. In 
addition, the Council will continue to work with Bonne
ville, utilities and states to enhance methodologies for 
quantifying and incorporating environmental costs. 

While the discussion above describes the strategy for 
environmental consideration during the planning process, 
at the time of resource acquisition, Bonneville administra
tor or other purchasers of the electricity will have much 
more information specific to the resource and its location. 
Using this more specific information and a methodology 
for weighing quantifiable environmental costs and bene
fits, such as that developed by the Council and appearing 
in Appendix 9-A of this chapter, the administrator or oth
er purchaser can conduct specific estimates of environ
mental costs and benefits and weigh them accordingly. 
The Council's methodology contains specific steps to 
quantify costs and benefits, but recognizes that within the 
specific steps, quantification of environmental effects be-
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comes a judgment call. Details of the methodology are, as 
a result, quite general. The methodology recognizes that 
not all environmental effects can be adequately quantified 
in dollars. However, for those that can be so quantified, 
the methodology refers the analyst to an exhaustive set of 
tools. The tools and their description were assembled for 
the Council under contract during the development of the 
1983 plan. These estimation methods represent the best 
thinking on various methods in use to quantify the effects 
of environmental costs and benefits. The Bonneville Pow
er Administration has taken this methodology and applied 
it to various resources in an attempt to test the methodol
ogy. These "case studies" have been some of the most 
extensive efforts in the nation to quantify the environmen
tal costs of resources. 

The remainder of this chapter reviews historical expe
riences in the Northwest and elsewhere in estimating envi
ronmental costs. It then discusses the effects of key 
pollutants associated with many resources. Pollutants asso
ciated with specific plants and their known effects are 
identified, and their effects on the environment are 
spelled out. Finally, the section summarizes the residual 
environmental effects1 of each resource. Where applicable 
and where the information is available, physical quantities 
of pollutant releases are shown. Physical quantities shown 
are those released even though mitigation controls, consis
tent with assumptions in Volume II, Chapter 8, are in
stalled and operating satisfactorily. 

Experiences in Addressing Environmental 
Costs 

Environmental effects of generating resources histori
cally have been addressed either by establishing required 
mitigation (design requirements) or by establishing maxi
mum allowable releases (performance standards). The 
regulations depended in part on where the resources were 
to be developed and the ambient environmental condi
tions. 2 

1. In this context, residual environmental effects are defined 
as the effects of pollutants released to the environment, assum
ing all pollution control equipment is in place and operating. 
Each plant is assumed to have incorporated all pollution con
trol equipment required by the most stringent standards in each 
of the four Northwest states. The capital costs of pollution miti
gation equipment are included in the costs estimated for each 
resource. 

2. Requirements are based on whether a resource is developed 
in an area that has attained a certain level of environmental 
acceptability or not. These areas, for obvious reasons, are re
ferred to as attainment and non-attainment areas. Resources 
developed in attainment areas must use the best available con
trol technologies to reduce the amount of undesirable emis
sions. Resources developed in non-attainment areas must 
obtain a permit, one requirement of which is emission control 
to a level that does not violate performance standards (for re
leases) or ambient air-quality requirements. In addition, offsets 
of pollutants from other sources may be required to achieve a 
net reduction in emissions. 
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Because full control of environmental impacts may be 
extremely costly or not possible, the requirements fall 
short of total mitigation of the adverse environmental ef
fects associated with resource exploration, development, 
operation, waste disposal and retirement. Thus, there are 
residual effects on the environment that remain after reg
ulatory requirements have been met. Before the Council 
was formed in 1981, the residual effects were given a lot 
of attention by the academic community, but were often 
ignored by utility planners when they made resource deci
sions. Because the costs of environmental damage caused 
by power plants were not being "paid" by utilities, the 
costs and rates of the utilities often did not account for 
the damages, and the utilities had no economic incentive 
to mitigate pollutant levels. Environmental damages that 
are not paid for by the polluter represent the classic eco
nomic problem of externalities, actions that impose costs 
on society, but for which, in this instance, the polluter is 
not required to pay. 

The typical response to resource externalities is gov
ernment regulation, to either control the externalities or 
to establish a market for the right to impose the external 
costs. Typically, governments at the federal and state level 
have chosen regulation. The most important of the regula
tions is the Clean Air Act and the rules established by the 
Environmental Protection Agency pursuant to the Clean 
Air Act. Recently, several states have established markets 
in "rights to pollute" as an alternative approach to limit
ing pollutants. In this concept, there is usually an overall 
air-quality level established for an airshed, and within the 
allowed level, polluters are allowed to bid for the right to 
pollute. If the market works as it should, higher-valued 
products will be able to bid away rights from lower-valued 
products. The question of the overall level of pollutants to 
be allowed is still a major environmental and political 
policy call. Both of these methods internalize the costs 
imposed by forcing the agent of the externality to either 
mitigate or pay3 for the external costs imposed. 

The Northwest Power Act directed the Council to give 
due consideration to environmental quality. In addition, 
the Council is the first planning body that actually in
cluded an explicit premium for conservation in its plan
ning. As mentioned earlier, in general, the Council does 
not estimate a dollar value for externalities during its 
planning process. Instead, it considers the relative envi
ronmental degradation from each of its planned resources 
subjectively. In this plan, the Council's subjective decisions 
to protect the environment include a 2 cent per kilowatt
hour credit for conservation, limited reliance on coal-fired 
plants, and an aggressive agenda to prove the reliability of 
renewable resources in the region. Earlier, in the five
year review of conservation, submitted to the U.S. Con
gress in 1987 pursuant to Section 4(k) of the Northwest 
Power Act, the Council recommended to the Bonneville 
administrator that he maintain the 10-percent cost advan
tage for conservation, in part, because conservation is en
vironmentally benign compared to most other resources. 
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The Council also has made environmental decisions 
based on the need to protect fish and wildlife. These deci
sions were made without specific dollar estimates of the 
different environmental damages of alternative resources, 
but with considerable supporting information. For exam
ple, the Council's decision to protect certain important 
stream reaches was aided by a lengthy and detailed study 
of the effects of hydropower development on fish and 
wildlife; however, an assessment of the dollar value of 
hydropower-related damages was not made. In the future, 
the Council will continue to grant a pre-approved envi
ronmental benefit to one or more resources, or to make 
environmental decisions based on the preponderance of 
evidence, whether or not valid dollar estimates of the rela
tive damages can be made. 

Other states followed the Council's 1987 decision to 
maintain an environmental benefit for conservation. Cit
ing the Council's actions, Wisconsin adopted a 15-percent 
credit for conservation resources because of their environ
mental benefits. New England is considering going well 
beyond the 15-percent benefit. New York recently 
adopted a scoring system to evaluate the environmental 
costs of all resources. In this system, conservation scores 
well, as do some renewables. 

The fact that many of these efforts have attached a 
single benefit to conservation relative to all other re
sources, without differentiation, is an indication of how 
difficult it is to treat all resources on a comparative basis. 
Conservation clearly is more environmentally benign than 
most generating resources, but the residual effects of all 
generating resources also vary. And, the relative effects of 
these resources are very hard to determine. As a result, 
the difficult task of determining the comparative effects, 
in a quantitative assessment, has not been completed sat
isfactorily in other areas of the country. 

Recently, there have been a number of attempts to 
establish more resource-specific estimates of environmen
tal damages. Perhaps the most comprehensive study was 
by the Pace University Center for Environmental Legal 
Studies, documented in Environmental Costs of Electricity. 
Bonneville also has conducted updated estimates of exter
nalities that it is using to assess resources in its competi
tive acquisition process. Bonneville used the Council's 
methodology in its efforts. This chapter presents a com
prehensive description of the amount of pollutants 
emitted by generating plants under consideration and dis
cusses their known and hypothesized effects on the envi
ronment. It stops short of ranking resources by their 
externalities or any attempt to quantify them. 

3. In fact, payment is not tied to damages imposed. It is deter
mined by willingness to pay for the right to pollute. 
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The Council maintains that quantification of environ
mental effects is more appropriate as specific resources 
are being acquired. At that point, characteristics of indi
vidual power plants and their location relative to affected 
fauna and flora are known. In addition, the Council recog
nizes that clear policy directions are needed to ensure that 
"dirty" plants are not built. Without clear policy, these 
plants could be built even if environmental effects have 
been quantified if base costs are low enough to offset esti
mated externalities. As a result, the Council has directed 
its staff to work with Bonneville, utilities, state regulatory 
commissions, and other state government agencies as they 
seek to quantify environmental effects in their own fo
rums. In its plan, the Council has focused on acquisition 
of environmentally responsible resources in the near-term 
and has delayed reliance on thermal plants that many con
sider to be risky environmentally. 

In the past, many utilities voiced concern that adding 
the costs of environmental consequences to resource esti
mates could greatly increase the potential cost of those 
resources, thus increasing the companies' avoided costs. 
This could have the effect under the Public Utility Regu
latory Policies Act (PURPA) of compelling utilities to pur
chase higher priced resources, including more costly 
conservation. Many utilities now appear to be willing to 
risk such an event if they are able to earn returns on those 
resource expenditures. 

Review of Environmental Pollutants and 
Their Major Effects on the Environment 

The purpose of this section is to lay out in some detail 
the major environmental effects caused by actions related 
to both generation and conservation options contained in 
this plan. In any discussion of environmental effects, it is 
important to maintain a balanced perspective, one that 
does not distort the relative effects of each resource. If 
taken in isolation, discussion of the effects of a particular 
pollutant or action associated with resource development 
can be misleading. Discussion tends to focus on what we 
know best, when what we do not know may cause greater 
environmental harm. The environmental effects of any 
resource development and operation, looked at alone, may 
appear to be great, but the risks imposed on humans and 
the environment may be less than other activities we 
choose to do every day. It is critical, to the extent possible, 
that we keep these issues in perspective. The existing liter
ature is not well balanced in its treatment of each re
source, nor are the environmental effects of resource 
development compared against other resources or against 
the risks that humans face every day. 

In this chapter, to the extent practicable, each of the 
major environmental pollutants or other electric energy
related disruptions to the environment are physically 
quantified, and the known damages or benefits associated 
with each are described. This information enables the 
Council to consider the order of resource acquisition 
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based on systemwide criteria, such as costs, operating pro
files and so forth, along with the anticipated environmen
tal effects associated with each resource. As discussed 
above, through this process, the Council decides which 
activities to pursue. In this and all preceding plans, the 
Council has decided to pursue aggressively the more envi
ronmentally responsible resources, such as conservation, 
and to defer coal and nuclear plants until major uncertain
ties regarding their development are resolved. 

The first step in this overview is to identify all of the 
known and hypothesized effects of major pollutants or 
other actions related to generating electricity. This will be 
done without regard for the source of the pollutant. The 
effect of sulfur dioxides, for example, will be discussed 
regardless of the source. Later, in the discussion of each 
specific generating resource, the physical quantity of all 
major pollutants emitted from each will be presented. 
This will allow consideration first of the effect of the pol
lutant, followed by a comparison of each resource based 
on the physical amount of the pollutant emitted. 

Thble 9-1 contains a list of environmental pollutants 
related to generating power in the left column and the 
element of the environment that is affected along the top 
of each column. An "X" in a cell of the table indicates 
where there are known environmental effects. Table 9-2 
contains the same list of pollutants in the left column of 
the table and three review categories along the top of the 
columns. The three categories are: 1) pollutants addressed 
in the National Environmental Policy Act; 2) "criteria pol
lutants" regulated by the Clean Air Act; and 3) pollutants' 
applicability to more than one resource. Entries in Thble 
9-2 can be thought of as a measure of the perceived im
portance of the pollutant historically. Pollutants with en
tries ("X") under the NEPA and the criteria pollutants 
categories are addressed by the Environmental Protection 
Agency in one way or another and also are addressed in 
the federal Clean Air Act. While it can be argued that all 
of these effects are important, to consider all of the ef
fects equally will obscure those that are more important. 
Thbles 9-1 and 9-2 taken together can help pare an ex
haustive list to concentrate on those major pollutants or 
actions that are expected to have the greatest effect on 
the environment. 

A review of Thbles 9-1 and 9-2 shows that pollutants 
emitted during plant operation have been given more at
tention by the regulatory agencies than pollutants emitted 
at other stages of the fuel cycle. This is due in part to the 
vast amounts that can be emitted at this stage, in part be
cause of the damaging properties of the pollutants, and in 
part because airborne emissions from plants can affect the 
environment thousands of niiles away, as well as at and 
around the plant site. In particular, the following airborne 
emissions appear to be the most onerous and deserving 
of scrutiny: 1) particulates; 2) sulfur dioxide (S02); 3) 
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nitrogen oxides (NOx); 4) carbon monoxide (CO); 5) hy
drocarbons4 (HC); and 6) carbon dioxide (CO2). Carbon 
dioxide is not one of the "criteria pollutants" designated 
by the Environmental Protection Agency, but it is the ma
jor "greenhouse gas," which many scientists believe could 
cause the planet to undergo dramatic climate changes. 
Thus, it is included in this chapter as an emission of major 
concern. 

CHAPTER9 

The rest of this chapter describes the effects of pollut
ants indicated in Thble 9-1 for each generating resource 
and distills this information to a usable summary of envi
ronmental impacts. At the time of proposed acquisition, 
additional specific analyses will have to be undertaken 
before any resource can be considered environmentally 
acceptable. 

4. Hydrocarbons are not discussed further in this document, 
because they are easy to control and are well controlled by ex
isting regulation. 

Table 9-1 
Environmental Pollutants and Their Effectsa 

Socioeconomic 
Physical Environment Biological Environment Environment 

Fauna Flora "Boom 
Town" 

Material Human Population Habitat Vegetation Crop (Public 
Visibility Damage Health Changes Change Damage Losses Services) Recreation 

Air 

• Particulates X X X 

• Sulfur Dioxide X X X X X X X X 

• Nitrogen Oxides X X X X X X X 

• Carbon Monoxide X X X X X X 

• Hydrocarbons X X X 

• Lead X X 

• Trace Elements X X X 

• Aldehydes 

• Dust X X X X X 

• Methane 

• Hydrogen Sulfide X X X X X X X 

• Radioactive Gas X X X X 
(tritium, iodine, 
noble gases) 

• Ammonia X X X 

• Argon 

• Carbon Dioxideb X X X X X X 

Water 

• Biological Oxygen X 
Demand 

• Chemical Oxygen X 
Demand 

• Suspended Solids X X X X X 

• Dissolved Solids X X X X X X 
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Table 9-1 ( cont.) 
Environmental Pollutants and Their Effects 

Socioeconomic 
Physical Environment Biological Environment Environment 

Fauna Flora "Boom 
Town" 

Material Human Population Habitat Vegetation Crop (Public 
Visibility Damage Health Changes Change Damage Losses Services) Recreation 

• Toxic Substances/ X X X X X X 
Trace Elements 

• Organics X X X X X 

• Consumption X X X X X 

• Carbonates 

• Ammonia X 

• Chlorine X X X X X 

Land 

• Use/Requirements X X ? X X 

• Solid Wastec X ? ? ? ? 

• Other 

Noise X X X 

Radioactive Emissions X X X X X X 

Community Infrastructure X X 

a Except for carbon dioxide, adapted from Nero and Associates, Inc. Working Paper, Study Module VI, Quantification of Environmen-
tal Costs wzd Benefits. Task 1: Taxonomy of Impacts. Prepared for the Northwest Power Planning Council, April 1982. 

b These impacts assume that increased carbon dioxide will cause global warming. 

C Including radioactive waste. 
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Table 9-2 
Applicability of Selection Criteria to Environmental Impacts 

Criteria NEPA Applicability to Multiple 
Requirementsa Criteria Pollutanta, b Resources 

Air 

• Particulates X X X 

• Sulfur Dioxide X X X 

• Nitrogen Oxides X X X 

• Carbon Monoxide X X X 

• Hydrocarbons X X X 

• Lead X X 

• Trace Elements X 

• Aldehydes X 

• Dust X 

• Methane X 

• Hydrogen Sulfide X 

• Radioactive Gas (tritium, iodine, X xc 
noble gases) 

• Ammonia X 

• Argon X 

• Hydrogen X 

• Carbon Dioxide X 

Water 

• Biological Oxygen Demand X X X 

• Chemical Oxygen Demand X X X 

• Suspended Solids X X X 

• Dissolved Solids X X X 

• Toxic Substances/Trace Elements X X X 

• Organics X X X 

• Consumption/Requirements X X X 

• Carbonates X X X 

• Ammonia X X X 

• Chlorine X X 

• Phosphates 

Land 

• Use/Requirements X X 

• Solid Waste X xc X 

• Other 
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Table 9-2 (cont.) 
Applicability of Selection Criteria to Environmental Impacts 

Criteria NEPA Applicability to Multiple 
Requirementsa Criteria Pollutanta, b Resources 

Noise X 

Radioactive Emissions X X 

Community Infrastructure X X 

a Criteria pollutant applicability is from Nero and Associates, Inc., 1982. The effect of later amendments or administrative actions 
related to the Clean Air Act, Clean Water Act or other federal pollution control legislation are not shown. The information regarding 
control of radioactive materials from nuclear power plants is based on the discussion of nuclear power plant environmental effects 
that appears in this chapter. 

b Pollutants for which federal standards are established. 

C Federal standards applying to radioactive material releases from nuclear power plants. 

Description of Major Pollutants 
Associated with Multiple Resource 
Options 

This section describes the major airborne effluents 
released from power plants along with appropriate mitiga
tion technologies for each.5 Thbles 9-1 and 9-2 show a 
number of important pollutants typically associated with 
combustion-based power plants. They are: 1) particulates, 
2) sulfur dioxide, 3) oxides of nitrogen, 4) carbon monox
ide, 5) carbon dioxide and 6) methane. These effluents are 
being addressed here as a group so that the information 
will not have to be repeated under the discussion of each 
separate resource, which follows. Effluents and damages 
unique to a particular resource will be discussed below for 
each resource. 

Particulates 

All small particles and liquid droplets in the air are 
referred to collectively as the Total Suspended Particles 
(TSP). That subset of particles small enough to be inhaled 
and to lodge in the lungs is referred to as "respirable sus
pended particulates" (RSP). These smaller particles are 
often toxic because they can be carriers of harmful pollut
ants that can damage the lining of the lungs. Most of the 
respirable suspended particles are formed by combustion 
of fuels in automobiles, industrial processes and in power 
plants. 

Particulates also affect visibility. Loss of visibility, par
ticularly where the views are important, has been shown 
to be costly to the public in a number of economic studies. 

716 

Mitigation 

With conventional coal combustion, the composition 
of the particulates and potential emission levels are a 
function of the plant's firing configurations, boiler opera
tion and coal properties. The primary kinds of control de
vices include electrostatic precipitators, fabric filters 
(baghouses) and scrubbers. Some control even results 
from ash settling in boiler/air heater/economizer dust hop
pers, breeches and chimney bases. 

Electrostatic precipitators are the most common high
efficiency control devices used on pulverized coal plants. 
They are typically more than 99-percent efficient at re
moving the particulates in the flue gas. The presence of 
sulfur increases the efficiency of the electrostatic precipi
tators. When low-sulfur coal is being used and the precip
itator is located after air preheaters (i.e., cold side 
precipitators) their efficiency is significantly reduced. 

Baghouses have a similar efficiency and are being 
used increasingly in utility and industrial applications. An 
advantage of this technology is that it is unaffected by high 
fly ash resistivities associated with low-sulfur coals, which 
affects the operation of electrostatic precipitators. 

Scrubbers also are used to control particulates, al
though their primary use is to control sulfur oxides. A 
drawback with scrubbers is the large amount of energy 
they require if they are to achieve a control efficiency 
comparable to precipitators or baghouses. 

5. Much of the material that follow.; is taken from reports 
produced for the Council by NERO, Inc., under contract in 
1982; from a draft report prepared for Bonneville by Battelle 
Northwest in 1990; from the Council's 1986 Power Plan; and 
work done for the Council by Battelle as the Council developed 
its first power plan. 
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Even with the 99 percent effective controls used on 
modem coal plants, the amount of particulates released 
into the atmosphere is about 1.75 tons per megawatt-year, 
or about 450 tons per year for a large coal plant. 

Particulate removal in coal gasification plants is ac
complished by subjecting the product gas to a series of wet 
and dry particulate removal operations. In the representa
tive coal gasification combined-cycle power plant used as 
the basis for coal resource cost analysis in this plan, the 
product gas is cooled as it is discharged from the gasifier 
then passed through a dry cyclone that removes the major
ity of entrained solids. The gas is then washed in a scrub
ber and passed through a second cyclone which removes 
more solids and water droplets. The gas receives a final 
washing in a tray scrubber. The resulting particulate re
leases (0.2 tons per megawatt-year) from the gas turbine " 
are no greater than if the turbine operated on natural gas. 
(Additional particulates, however, would be released from 
the coal feed and ash handling systems). 

For fuel oil combustion, particulate production de
pends most on the grade of fuel fired. Lighter distillate 
oils result in significantly fewer particulates than the 
heavier residual oils. And the heavier residual oils pro
duce more than the lighter residuals. In boilers firing re
sidual (No. 6) fuel oil, particulate emissions are a function 
of the sulfur content of the oil. These emissions can be 
reduced considerably when low-sulfur residual oil is fired. 

On large oil-fired boilers, mechanical collectors often 
are used to control particulates. Electrostatic precipitators 
also are commonly used. Older, usually smaller precipita
tors remove generally 40 to 60 percent of the particulate 
matter. Today, new or rebuilt precipitators have collection 
efficiencies of up to 90 percent. Scrubbing systems can 
also remove 50 to 60 percent of the particulates. 

Boiler load also can affect the emissions of particu
lates in units firing residual fuel oil. At low-load condi
tions, particulate emissions may be lowered 30 to 40 
percent from utility boilers and by as much as 60 percent 
from small industrial and commercial units. However, this 
does not appear to be true when firing lighter grades of 
oil. 

Because of the gaseous fuel, particulate release from 
natural gas-fired combustion turbines is very low. Particu
late releases from the representative simple-cycle com
bustion turbines used in this plan are estimated to be 
about 0.3 tons per megawatt-year. Because of greater effi
ciency, the Council's representative natural gas-fired com
bined-cycle plants could be expected to release about 0.2 
tons per megawatt-year. 

Particulates are the major emission concern from 
wood-fired boilers. Furnace design and operating condi
tions are particularly important in controlling particulates. 
For example, because of the high moisture content that 
can be present in wood wastes, a larger than usual area of 
refractory surface is often necessary to dry the fuel before 
combustion. In addition, sufficient secondary air must be 
supplied over the fuel to bum the volatiles. Fly ash rein
jection has a considerable effect on particulate emissions 
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and is commonly used in many larger boilers to improve 
fuel efficiency. 

In addition, wood-fired boiler emissions are in
fluenced by boiler size, age, load factors and wood species. 
When wood is co-fired with other fuels, as it often is, the 
effect of these factors on emissions is difficult to quantify. 

Municipal solid waste plants use a number of technol
ogies to control particulate emission rates. Currently the 
most widely used are electrostatic precipitators, fabric fil
ters, wet scrubbers and dry scrubbers. 

Sulfur Dioxide 

Much of the sulfur in coal and fuel oil is converted to 
sulfur dioxide during combustion. The sulfur dioxide 
emitted into the atmosphere either settles out locally or is 
slowly transported over large distances and converted to 
sulfuric acid or sulfates. The potential impacts from these 
emissions include human health effects, crop and forest 
damage, acid rain, metal corrosion and visibility degrada
tion. 

Health effects in humans include shortness of breath, 
coughs, viral respiratory infections, and allergic reactions 
when inhaled as respirable particles. Long-term exposure 
to sulfur dioxide can cause chronic bronchitis and exacer
bate asthma. Other effects include changes in blood chem
istry, enzyme levels, lung capacity and pulmonary 
resistance. Sulfur dioxide is also believed to have carcino
genic effects. These impacts are known to occur when sul
fur dioxide levels are high, generally above the national 
ambient air quality standards. 

Acid rain results from the combination of sulfates and 
oxides of nitrogen.6 Acid rain is known to acidify lakes, 
harm certain key flora and fauna, corrode buildings, 
bridges, and other infrastructure, and is a major culprit in 
impairing visibility. It is also believed to be a carcinogen. 

Mitigation 

One way to reduce sulfur dioxide from coal combus
tion is to bum lower-sulfur coals, because sulfur oxide 
emissions are proportional to the sulfur content of the 
coal. Most commercially available Western coals have a 
low sulfur content. 

6. Acidity is measured in terms of "pH" or (p )otential of 
(H)ydrogen. The scale runs from O to 14, with 7 being consid
ered neutral, above 7, alkaline, and below 7, acidic. The pH 
scale is logarithmic; for example, the acidity of a pH 5 liquid is 
10 times that of a liquid of pH 6. Acid rain is defined as rain 
with a pH of less than 5.6. The effect of acid rain depends on 
where it falls. For example, if it falls on an area that is already 
acidic, it could do more damage than if it falls on an area that 
is naturally low in acidity. 
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Flue gas desulfurization techniques are used to fur
ther reduce sulfur oxides formed during combustion. Wet 
lime scrubbing or limestone scrubbing are the most com
mon mitigation methods used and can remove up to 95 
percent7 of the sulfur dioxide from the flue gases. A slurry 
of lime or limestone absorbs the sulfur dioxide, and a 
waste sludge of calcium sulfate (in the case of lime scrub
bing) or sulfate and limestone (in the case of limestone 
scrubbing) is formed. 8 

After being treated to prevent sulfur from leaching to 
the groundwater, the waste sludge is buried in landfills. 
Some is recycled for its gypsum content. 

Advanced generating plants offer alternate ways to 
control sulfur dioxide emissions. For example, fluidized
bed combustion coal plants prevent the creation of sulfur 
dioxide by injecting lime in the fluidized bed before sulfur 
dioxide is produced. This technique appears to be all that 
is needed with low-sulfur coal, but fluidized-bed combus
tion would need additional mitigation if high-sulfur coal is 
used. 

Gasification plants incorporate sulfur removal equip
ment in the product gas clean-up section to remove sulfur 
from the gas prior to combustion. Sulfur removal efficien
cies exceeding 99 percent are possible with coal gasifica
tion plants. The sulfur is converted to pure sulfur and 
marketed as a byproduct. Because waste sludge is not pro
duced, the solid waste produced by coal gasification plants 
is much less than for pulverized or fluidized bed designs. 

The sulfur emissions from fuel oil combustion depend 
almost entirely on the sulfur content of the fuel and are 
not affected by boiler size, burner design or grade of fuel 
being fired. Scrubbing systems have been installed on oil
fired boilers to control sulfur oxides. These can be 90 to 95 
percent effective. 

Most municipal solid waste systems also use scrubbing 
systems. 

Oxides of Nitrogen 

End products from fuel combustion include several 
oxides of nitrogen. These are formed through the oxida
tion of nitrogen in the fuel and in the combustion air. Ox
ides of nitrogen include nitrogen dioxide (N02) and nitric 
oxide (NO). Both of these can form nitrosamines-highly 
potent carcinogens in aqueous solution. 

When exposed to ozone, nitric oxide reacts to form 
nitrogen dioxide. Nitric oxide is a gas that can irritate 
membranes and can cause coughs and headaches. Further, 
nitrogen dioxide can react with moisture to form nitric 
acid ("acid rain"), which is known to damage buildings, 
bridges and other infrastructure, as well as fish, vegeta
tion, soil and surface water. 

718 

ACCOUNTING FOR ENVIRONMENTAL EFFECTS IN RESOURCE PLANNING 

Mitigation 

One technique to minimize oxides of nitrogen is to 
switch to a coal or fuel oil with a lower nitrogen content. 
However, this is limited by the ability of a given boiler 
configuration to fire a different type of fuel and by the 
cost and availability of substitute fuels. 

In coal units, the formation of oxides of nitrogen can 
be reduced by modifying the way the fuel is burned. One 
technique called "low excess air firing" limits the amount 
of combustion air (and thus nitrogen) available, reducing 
the formation of oxides of nitrogen. This is the most wide
ly used technique, because it can be practiced in both old 
and new units and in all sizes of boilers. It is easy to im
plement and has the added advantage of increasing fuel
use efficiency. Low excess-air firing is generally effective 
only above 20 percent excess air for pulverized coal units. 
Below these levels, the nitrogen oxides' reduction from 
the decreased availability of air is offset by the increasing 
nitrogen oxide levels due to the increased flame tempera
ture (nitrogen oxide levels increase as a function of the 
combustion temperatures). Excess combustion air can be 
limited by staged combustion. This involves a two-stage 
fuel bum. The first stage uses a minimum amount of oxy
gen, and the second stage introduces more oxygen to yield 
a complete bum. 

A second approach to controlling NOx formation in 
coal furnaces is to lower flame temperatures. This can be 
accomplished by use of "dual-register burners" that pro
long combustion and thereby lower combustion tempera
tures. In fluidized-bed plants, the formation of oxides is 
slowed, because the combustion temperature is lower than 
for conventional furnaces. 

Other nitrogen oxide reduction techniques include 
flue-gas recirculation, load reduction, and steam or water 
injection. However, these techniques are not very effec
tive with coal-fired equipment because of the nitrogen 
content of the fuel. Ammonia injection is another tech
nique that can be used, but it is costly. 

The reduction of nitrogen oxides from any of these 
techniques or combinations varies considerably with boiler 
type, coal properties and existing operating practices. Typi
cal reductions range from 10 to 60 percent of the nitrogen 
oxides released from unmitigated coal plants. 

Nitrogen oxides formation is significantly reduced in 
medium Btu coal gasification plants. These plants (includ
ing the representative coal gasification plant used as the 
basis for the cost analysis of this plant) use an oxygen feed 

7. The higher the removal rate, the higher are the capital and 
operating costs. Scrubbing to 95 percent will require more capi
tal and higher operating costs. With a given scrubber, operating 
costs are related directly to the degree of scrubbing done. 

8. Magnesium oxide, double alkali, sodium bicarbonate, am
monia or alkali fly ash also can be used as fluids to absorb sul
fur dioxide. 
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so that no nitrogen is introduced to the gasification pro
cess through combustion air. Some oxides of nitrogen are 
formed from the nitrogen in the coal, and additional nitro
gen oxides are formed during the combustion of the prod
uct gas in the combustion turbine. Nitrogen formation in 
the combustion turbine is controlled by saturating the 
product gas with moisture and by water injection. These 
techniques reduce turbine combustion temperatures, in
hibiting formation of oxides of nitrogen. Additional nitro
gen oxide control can be obtained by catalytic reduction of 
nitrogen oxides in the combustion turbine exhaust. (Cata
lytic reduction is not included in the Council's representa
tive coal-gasification power plant, but is compatible with 
this plant design, at additional cost.) 

Similar combustion modifications are used for boilers 
burning fuel oil, natural gas, biomass residues and munici
pal solid waste. Limited excess air firing, flue-gas recircu
lation and staged combustion reduce nitrogen oxide 
emissions in large fuel oil facilities by 5 to 60 percent. Ni
trogen oxide emissions with fuel oil can also be reduced by 
0.5 to 1 percent for each percentage reduction in load 
from full load operation. 

For natural gas plants, low excess-air firing can re
duce nitrogen oxide emissions 5 to 35 percent, and flue 
gas recirculation by 4 to 85 percent, depending on the 
amount of gas recirculated. Flue gas recirculation is best 
suited for new boilers, because retrofit applications would 
require extensive burner modifications. Low nitrogen ox
ide burners (20 to 50 percent reduction) and ammonia in
jection (40 to 70 percent reduction) also offer nitrogen 
oxide emission reductions. Combinations of these modifi
cations also may be used to reduce emissions further. 

Selected catalytic reduction can be used to reduce 
nitrogen oxide emissions by about 80 percent. This tech
nique has not been used until recently, probably because it 
is expensive. However, utilities in the Los Angeles area 
are planning to retrofit their natural gas-fired boilers with 
selected catalytic reduction, in order to meet the require
ments of the South Coast Air Quality Management Dis
trict. The expected cost of the retrofit is about $1,200 per 
kilowatt of capacity. Note that this cost is much greater 
than the estimated cost of installing selective catalytic re
duction on new combustion turbine power plants. 

Nitrogen oxide control on natural gas combustion tur
bine power plants, both simple and combined-cycle, is ac
complished by steam or water injection, "low-NOx" 
combustor designs and by selective catalytic reduction. 
Low-NOx combustors and steam or water injection con
trol excess air and combustion temperatures, and can 
achieve NOx releases to about 40-50 parts per million, 
and possibly as low as 25 parts-per-million. Further reduc
tion will likely require use of catalytic converters. NOx 
release levels as low as 9 parts-per-million are achievable 
with selective catalytic reduction (SCR) technology. SCR 
technology on a combined-cycle plant is estimated to cost 
from $25 to $32 per kilowatt capacity. Operating costs are 
estimated to be $26 to $40 per kilowatt per year. 
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The representative simple and combined-cycle com
bustion turbines used in this plan include low-NOx com
bustors and water injection. SCR is not included, but is 
compatible with the representative designs. 

Carbon Monoxide 

Carbon monoxide is a colorless, odorless gas. It inter
feres with the body's ability to deliver oxygen. Moderate 
levels of oxygen deficiencies have caused vision and brain 
dysfunction. Headaches, nausea, irregular heart beat, 
weakness and confusion also can be caused by exposure to 
high levels of carbon monoxide. At the extreme, exposure 
to high levels of carbon monoxide can cause death. Fe
tuses whose mothers have been exposed to carbon monox
ide have experienced impaired growth and mental 
development. 

Mitigation 

Carbon monoxide is generally emitted in quite small 
amounts from power plants. However, during start-ups, 
temporary upsets or other conditions preventing complete 
combustion, these emissions may increase dramatically. 
Measures used for nitrogen oxide control can increase 
carbon monoxide emissions. Therefore, such measures are 
applied only to the point at which carbon monoxide in the 
flue gas reaches a maximum of about 200 parts per mil
lion. Other than maintaining proper combustion condi
tions, special control measures to limit carbon monoxide 
are not typically applied. 

Carbon Dioxide 

The combustion of any fossil fuel produces carbon 
dioxide. Carbon dioxide is the largest by volume of the 
"greenhouse gases," the gases believed to cause global 
warming. Carbon dioxide and the other greenhouse gasses 
let the sun's radiation through, but trap the heat, keeping 
it from escaping the earth's surface. The greenhouse ef
fect of the atmosphere is not new. The earth would be too 
cold for human survival without this characteristic of the 
atmosphere. What is new is the rapid change in the con
centrations of greenhouse gasses. Climatologists have ar
gued that the increasing concentrations of greenhouse 
gasses may cause the earth's temperature to increase at 
unprecedented rates, with potentially disastrous results. 
The feared results include rising sea levels; climate 
changes to rapid too allow plants and animals time to ad
just to the new environmental conditions; and dramatic 
changes in local climates around the world.9 One of the 

9. Interested readers should review the papers presented dur
ing a workshop held by the Council on the greenhouse effect 
and its result, global warming. The workshop included presen
tations to the Council by experts on the subject of global warm
ing. It was held in Olympia, Washington, on February 9, 1989. 
Call the Council's public affairs division for copies. 
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key elements driving these fears is the expected doubling 
of the world's population over the next 40 to 50 years. The 
doubling would take the earth's population to 10 billion 
people. In 1940, the earth's population was 2 billion peo
ple. 

Mitigation 

The amount of carbon dioxide released from fuel 
combustion is a function of the fuel's carbon-to-hydrogen 
ratio (the principal combustible elements in fossil and bio
mass fuels). Coal contains the greatest proportion of car
bon, and fuel oils and natural gas proportionally less. 
Variations in carbon dioxide emissions from combustion of 
a given carbon-containing fuel depend almost entirely on 
the overall efficiency of the process. More efficient tech
nologies such as combined-cycle plants produce less CO2 
per unit of energy produced than less efficient technolo
gies using the same fuel. 

Beyond fuel selection and efficiency improvements, 
there is no good way to mitigate the release of carbon 
dioxide from the combustion of fossil fuels. Preliminary 
studies have been conducted to determine the cost of re
covering carbon dioxide from coal-fired power plant flue 
gasses, but the costs appear to be prohibitive and, if re
quired, would probably mean that other resource options, 
such as wind, solar, geothermal and other renewables 
would be more cost-effective than coal. 

A technique used recently is planting trees in num
bers sufficient to absorb and fix the carbon dioxide from a 
given power plant. The number of trees would be selected 
based on the ability of the tree type and climate to absorb 
over their lives the amount of carbon dioxide expected to 
be released from the subject power plant. Urban tree 
planting, which has the added effect of lowering tempera
tures in urban spaces, could achieve the same results with 
fewer trees. 

Methane 

In addition to carbon dioxide, methane is an important 
greenhouse gas. The greenhouse effect is described above 
under the discussion of carbon dioxide. Methane is pro
duced from naturally occurring biological processes. It is 
also released into the atmosphere when natural gas is 
vented. While carbon dioxide is undoubtedly a key green
house gas, methane is also important, because it is about 
21 times more effective, molecule-for-molecule, than car
bon dioxide at trapping infrared radiation. 

Mitigation 

Leaks when natural gas wells are drilled, when gas is 
transported and when it is used are the key sources of 
methane related to power production. Mitigation is best 
accomplished by prevention of leaks through maintenance. 
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Review of Environmental Effects by 
Resource Type 

The previous section contained a discussion of pollut
ants that are released by most combustion-based power 
plants. This section will review the remaining environmen
tal pollutants from each specific resource being considered 
for inclusion in the Council's power plan. 

Coal-Fired Generation 

Environmental effects of coal-fired generation start 
with the mining of the coal and continue through trans
portation to the generating plant, combustion of the coal 
to produce electricity, disposal of waste products, and de
commissioning of the plant. 

Mining, 'Iransportation and Coal Handling 

Exploration for coal can include drilling and blasting, 
which risk contamination of groundwater. Strip-mining 
coal involves removing large amounts of soil and other 
materials overlaying the coal beds. Federal and many state 
laws require reclamation of strip-mined lands and include 
procedures for refilling and regrading, water protection 
and revegetation, as well as prohibitions against mining 
sensitive lands, such as alluvial valley floors and prime 
farmland. However, there is debate over whether these 
reclaimed lands can sustain long-term productivity or re
establish the diversity of species characteristic of the na
tive range. 

Because coal beds often serve as aquifers, their re
moval by mining often disrupts groundwater and can dry 
up neighboring wells used for domestic or stock water 
uses. The resaturation of soils when mined pits are refilled 
can degrade water quality. The Council's data indicated 
that acid mine runoff can contaminate local surface and 
groundwater, and toxic materials exposed by mining can 
both contaminate nearby water sources and hamper later 
efforts to reclaim the land. 

Air quality is affected at this stage by the release of 
dust particles. Because the dust particles are large, and 
therefore reasonably filtered by the respiratory system, 
health problems are not considered to be a major concern. 
However, the total amount released can be large, both in 
the mining process and in the transportation of the coal. A 
unit train (100 cars long) can lose about 140 tons in partic
ulates on a 700-mile run for each trillion (101) Btu of fuel 
transported. At a heat rate of 10,000 Btu per kilowatt
hour, 114 megawatts of coal plant could run for one year 
on 1012 Btu of coal. Therefore, a train haul supporting a 
plant the size of Boardman (in eastern Oregon) would 
lose about 455 tons of coal dust per year, assuming a 700 
mile haul. 
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Plant Construction 

See discussion under nuclear, later in this chapter. 

Combustion of Fuel to Produce Electricity 

Coal is contaminated with heavy metals, radionuclides 
and rare elements. These are released into the atmo
sphere in the coal combustion process. The types and 
amounts of these pollutants released from a typical pul
verized coal-fired plant burning Western coal are dis
played in Table 9-3. 

Water quality can be affected when cooling water is 
returned to its source. The water is heated in the cooling 
process and may come in contact with and be contami
nated by solids, oils, grease and metals. This discharge can 
affect the health of the ecosystem and change productivity 
of the body of water, especially if the body of water is 
small. Water quality also can be affected if rainwater com
es in contact with coal piles, sludge or other contaminated 
surfaces before entering the groundwater. These effects 
can be mitigated with the use of water purification systems 
and "zero discharge" plant designs. 

The use of water in a coal plant also can affect fish 
and wildlife habitat when the water is withdrawn. 

Waste Disposal 

A typical pulverized coal-fired plant produces about 
440 tons of solid waste per megawatt year, or about 25 
tons per hour of operation. The waste is generally not 
classified as toxic, but it does require a significant amount 
of land-several thousand acres over the life of a typical 
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plant. The waste is disposed of in landfills or ash ponds. 
Leachate from the landfills can pollute surface waters. 
Because of lead in some waste, some vegetation has a dif
ficult time growing in the waste. The sulfur removal pro
cess used in coal gasification plants reduces the solid 
waste production of these plants in comparison with con
ventional plants. 

Natural Gas-Fired and Oil-Fired 
Generators 

Combined-cycle combustion turbines and single-cycle 
combustion turbines are being considered for the resource 
portfolio. These resources appear to have the best overall 
set of characteristics to complement the existing power 
system, in particular the hydropower portion of the sys
tem. These resources are being considered as the best way 
of "firming" nonfirm hydropower.10 Natural gas is gener
ally much cleaner environmentally than coal. Distillate 
fuel oil, which will be used when gas is not available, will 
produce more pollutants than natural gas, but less than if 
coal were being burned. 

There remains some question related to how methane 
releases to the atmosphere, associated with natural gas 
exploration, recovery and transportation, contribute to 
greenhouse gases and the related potential effect on glob
al warming. 

10. Nonfinn hydropower refers to that portion of hydropower 
that exceeds the amount produced at the critical water level 
(historical dry period). Because it depends on weather and can
not be guaranteed, it has not been counted among finn re
sources. This power plan discusses ways to back up a portion of 
this hydropower so it can be used as a finn resource. 

Table 9-3 
Releases of Heavy Metals from Coal-Fired Power Plant 

Thousand Pounds per Megawatt-Year Pounds per Year per Planta 

Arsenic .0003 128 

Beryllium Unknown Unknown 

Cadmium .00003 11.7 

Manganese .000002 .6 

Lead .00008 32.1 

Selenium .000005 2.0 

Uranium .0018 718 

Zinc .0007 286 

Radium-226 .0035 Curies 1,400 Curies 

a Typical 500-megawatt coal plant burning Western coal. 
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Exploration, Extraction, 1ransportation and 
Fuel Handling 

Use of combustion turbines fueled with natural gas or 
oil raises certain environmental concerns in connection 
with exploration, development and transportation of the 
fuel. Off-shore exploration and development of fossil 
fuels can interfere with commercial and recreational fish
ing and could cause aesthetic impacts on shoreline areas. 
In addition, there can be fish and wildlife impacts from 
spills and leaks of crude oil from off-shore operations. 
On-shore exploration and development can intrude on 
roadless areas and wildlife habitat and affect the aesthet
ics of natural areas. If imports are relied on, there also 
may be increased risk of oil spills from tanker accidents. 
Transportation by pipeline involves potential spills and can 
disrupt existing land uses and cause some aesthetic im
pacts. 

Most of the potential effect is related to the transpor
tation of oil. When oil is transported, there is always a 
possibility of a spill. Spill rates have been estimated to be 
about 2.5 barrels per 219,000 barrels of oil transported. 
This would translate into about .08 barrels of oil spilled 
per megawatt-year for a typical plant. Other effects, 
whose physical amounts have not been quantified, include 
methane releases in the exploration, extraction and trans
portation of natural gas, contamination of land and seas 
due to end-uses of oil and gas, and the environmental 
effects associated with construction and operation of oil 
and gas pipelines. 

Combustion of Fuel to Produce Electricity 

Other than the the airborne pollutants discussed in 
the preceding section above, there is little additional com
bustion-related pollution associated with natural gas-fired 
and oil-fired generation. 

Biomass 

Biomass can be used to produce electricity alone or to 
produce both electricity and process steam. This section 
discusses the effects of using biomass to produce electric
ity. The biomass resources considered here include: 1) 
wood residues, and 2) refuse-derived fuel from municipal 
solid waste. 

Wood Residues 

Wood residues usually are composed of logging slash 
and residues from lumber mills and other wood processing 
facilities. They include sawdust, bark and other wood left
overs from the cutting of lumber and from the production 
of manufactured lumber products. 
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Fuel Collection and lransportation 

Because the biomass resources considered in this plan 
include only wood or agricultural residues, there would be 
no incremental environmental impact from growing or 
harvesting the fuel. The environmental effects of moving 
wood residues to power plants principally include the ef
fects of increased truck or rail traffic from the collection 
area to the power plant. 

Combustion of Fuel to Produce Electricity 

Additional environmental effects from wood-fired 
generation, aside from the major air pollutants discussed 
above, are not significant. To the extent that logging resi
dues are combusted under controlled power plant condi
tions rather than burned as slash, a net environmental 
benefit may accrue from use of this material as fuel. 

Refuse-Derived Fuel 

Refuse-derived fuel comes from garbage that has 
been sorted to eliminate non-combustibles, other undesir
able elements and recyclable materials. 

Fuel Handling 

Because garbage is collected, whether used for fuel or 
not, the incremental effect of fuel handling is negligible. 

Combustion of Fuel to Produce Electricity 

Production of electricity from refuse-derived fuel can 
cause air pollution. The major criteria pollutants have 
been discussed above. In addition to those pollutants, re
fuse-derived fuel plants can emit volatile organic matter, 
mercury, lead, fluorides, hydrogen chloride, tetrachlori
nated dioxins, beryllium, polynuclear aromatic compounds 
and polychlorinated biphenyls (PCBs). These pollutants 
can be controlled to acceptably low levels by exposing the 
exhaust gases to temperatures in the 1,800 to 2,000 degree 
Fahrenheit range for several seconds and by using bag
houses and electrostatic precipitators. Residual pollutants 
remaining after environmental controls have been in
stalled are not well known. One difficulty in arriving at 
consistent values is the ever-changing content of the 
stream of garbage. 

Waste Handling 

Waste produced from garbage burning to produce 
electricity is in the form of an ash, which is typically buried 
in a lined landfill. The Environmental Protection Agency 
will be determining whether this ash should be treated as 
a hazardous waste. If this ash were determined to be haz
ardous, the cost of waste handling and the corresponding 
cost of electricity from refuse-derived fuel would increase. 
In addition, if the ash were judged to be hazardous, plant 
operators probably would be required to "concretize" the 
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ash to make it less likely to leach toxins into the ground
water. 

Biomass: Cogeneration 

Wood Residue 

Resources are the same as those discussed under bio
mass. 

Fuel Collection and Transportation 

Same as under biomass. 

Combustion of Fuel to Produce Electricity 

Same as under biomass per unit of fuel input. Because 
cogeneration is more efficient, the amount of pollution 
per unit of useful work is lower than for a biomass re
source producing electricity only. 

Refuse-Derived Fuel 

Same as for refuse-derived fuel producing electricity 
only. 

Fuel Collection and Transportation 

Same as for refuse-derived fuel producing electricity 
only. 

Combustion of Fuel to Produce Electricity 

Same as for refuse-derived fuel producing electricity 
only. Because cogeneration is more efficient, each level of 
refuse-derived fuel burned in the process results in more 
useful work. Therefore, the amount of pollution per unit 
of useful work is lower when refuse-derived fuel is being 
burned in a cogeneration mode. 

Nuclear 

This section presents an overview of the principal po
tential impacts a nuclear power plant could have on the 
environment. A summary of the major effects is provided 
along with a description of mitigating measures. Many of 
the environmental impacts of nuclear generating plants 
are those common to other central station generating faci
lities. This discussion is general (i.e., not plant-specific) 
and focuses on unique aspects of nuclear plants. 

Uranium Mining and Fuel Processing 

Uranium ore, the fuel source for nuclear power 
plants, is extracted by surface or open pit mining. Explora
tion can involve drilling, blasting and road building that 
may contaminate groundwater and disrupt wildlife habitat. 
Many of the same water pollution, air pollution and recla
mation problems are encountered in uranium mining as in 
coal mining. However, the scale of uranium mining is sub
stantially smaller for a given energy content in the fuel. 
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Also, the radioactive nature of uranium ore poses poten
tial health risks to miners and persons living near uranium 
mines. Uranium ore processing results in large amounts of 
tailings that contain radioactive waste materials. These 
tailings may raise human health concerns. They must be 
disposed of properly to avoid contamination of water 
sources or transportation by the wind. Electrical energy is 
used for the fuel-enrichment process, which occurs in 
areas served by coal-burning utilities. Therefore, nuclear 
enrichment also causes a portion of the environmental 
effects of coal burning. 

Plant Construction 

This discussion is not unique to the construction of 
nuclear plants. Any major construction project, including 
coal plants, can create the same effects. Construction of a 
nuclear power plant is a major undertaking and, because 
of large plant sizes, can create more severe "boom and 
bust" social and environmental effects than other generat
ing plants. However, construction costs often include com
pensation to the local community for the stresses put on 
the infrastructure. Significant local socioeconomic impacts 
already have been experienced at Washington Nuclear 
Projects 1 and 3 (WNP-1 and WNP-3). WNP-1 is located, 
however, in a community with a long-term commitment to 
nuclear work. Mechanisms for adjusting to economic fluc
tuations due to construction may be better developed 
there than elsewhere. Some central station power devel
opments (including nuclear plants) require high-voltage 
transmission lines and their associated effects. 

The primary atmospheric impacts from the construc
tion of a nuclear power plant are those common to large 
construction projects. They include an increase in atmo
spheric dust due to removal of existing groundcover dur
ing construction activities and a decrease in air quality due 
to pollutants related to automobile exhaust. Soil erosion 
can be a significant problem at a large construction site. 
Special soil management practices are typically required to 
minimize adverse land and vegetation impacts during con
struction. Where there are small streams, erosion of ex
posed soil must be controlled to control sediment load. 
Disturbance of vegetation along the stream's banks also 
must be minimized. 

Producing Electricity 

The potential atmospheric effects of nuclear power 
plant operation are a result of heat and moisture released 
from the plant cooling system, cooling tower drift and re
lease of airborne radioactive materials. With the exception 
of airborne radioactive effluents, these effects are com
mon to large, thermal generating facilities (radioactive 
materials also are released from the operation of coal
fired power plants). Airborne radioactive effluents can be 
divided into several groups. The first are isotopes of the 
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fission-product noble gases11 krypton and xenon, as well 
as those of argon, which are not deposited on the ground 
and are not absorbed and accumulated within living organ
isms. 1reatment of noble gas effluents generally consists 
of collection, holding-up to permit decay of shorter-lived 
isotopes, followed by release. Noble gas isotopes act pri
marily as a source of direct external radiation emanating 
from the effluent plume. 

A second group of airborne radioactive effluents, the 
fission product radioiodines, as well as carbon 14 and tri
tium, also are gaseous, but these effluents tend to be de
posited on the ground and/or inhaled during breathing. 
Because these are active elements that may be incorpo
rated within the body, concentrations of iodine in the thy
roid and of carbon 14 in bone are of particular 
significance. Currently, lodine-131 is captured by filtration 
through charcoal beds. Carbon 14 and tritium are re
leased. 

The third group of airborne effluents is made up of 
particulates. These include fission products, such as ce
sium and barium, and activated corrosion products, such 
as cobalt and chromium. Particulates are controlled by 
filtration in high-efficiency particulate filters. 

Permissible levels of radiation in unrestricted areas 
and release of radioactivity and effluents to unrestricted 
areas are specified in 10 Code of Federal Regulations, part 
20, Standards for Protection Against Radiation. These regu
lations specify limits on levels of radiation and limits on 
concentrations of radionuclides in releases into the air and 
water. These regulations state that no members of the 
general public in unrestricted areas shall receive a radi
ation dose as a result of facility operation of more than 0.5 
rem 12 in one calendar year or, if an individual were con
tinuously present in an area, 2 millirem to the total body 
in any one hour or 100 millirem in any seven consecutive 
days. Experience with the design, construction and opera
tion of nuclear reactors indicates that average annual re
leases of radioactive material and effluents typically will 
be small percentages of the limits specified in 10 Code of 
Federal Regulations, part 20 (Table 9-4). 

Potential water-related effects of nuclear power plant 
operation include thermal discharges, release of water
borne chemical pollutants, water consumption and release 
of waterborne radioactive materials. 

There can be thermal impacts to aquatic organisms 
residing in surface waters, as a result of either raising the 
temperature of the receiving waters or by thermal shock 
accompanying changes in plant operation. Because of this, 
most contemporary power plants use the atmosphere as a 
heat sink. This is accomplished through closed-cycle cool
ing involving the use of cooling ponds, lakes, canals, or 
natural or mechanical draft cooling towers for heat ex
change with the atmosphere. The Washington Nuclear 
Projects 1, 2 and 3 and the Trojan nuclear plant all use 
some form of cooling tower for waste heat discharge. 

Due to partial evaporation of coolant in evaporative 
cooling towers, the natural concentration of contaminants, 
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such as mineral salts, that enter the system in the make
up water continually increases. These increases are con
trolled through periodic blowdown of coolant, whereby 
portions of the coolant are withdrawn and replaced with 
fresh coolant. Because of the concentration of impurities, 
the blowdown can be environmentally damaging when dis
charged to receiving waters. Waste water treatment tech
niques can be used to remove impurities prior to discharge 
of blowdown. "Zero discharge" plant designs incorporat
ing total recycle of plant water are available. lypically, a 
large power plant, whether nuclear or fossil-fuel, requires 
about 40 or 50 cubic feet per second of water for cooling, 
assuming it uses evaporative cooling towers. About two
thirds of this amount is evaporated into the atmosphere, 
and one-third is returned to the receiving water as blow
down. The effect of water withdrawals and discharges of 
this magnitude depends on the receiving water body. 

In addition to thermal discharges, there may be re
lease of waterborne radioactive materials, including fission 
products such as nuclides of strontium and iodine, activa
tion products such as sodium and manganese, and tritium. 
Standards are established to control internal doses, if any, 
from fish consumption, from water ingestion (as drinking 
water), from eating, and from any direct external radiation 
from recreational use of the water near the point of dis
charge. Monitoring programs are established to ascertain 
that standards are not exceeded. 

Waste Disposal 

Solid wastes from nuclear power plants include those 
common to any industrial plant as well as the radioactive 
wastes related to the unique aspects of the nuclear pro
cess. The latter are by far the most significant, and are 
one of the major reasons that public acceptance of nuclear 
power has waned. People are concerned not only about 
the existence of the waste, but the failure of the federal 
government to develop a permanent storage facility for 
the waste. 

Radioactive isotopes produced as a result of reactor 
operation include fission products, actinides and activation 
products. Fission products are radioisotopes formed as the 
products of the fissioning of uranium and plutonium dur
ing reactor operation. Actinides are the isotopes of ele
ments of atomic weight 89 (Actinide) and greater. For 
commercial reactors, the actinides of greatest significance 
include residual amounts of unfissioned uranium fuel plus 
unfissioned plutonium and heavier actinides formed by 

11. Noble gases are a class of chemically inert elements, gas
eous at ambient temperatures and pressures. They include he
lium, neon, argon, krypton, xenon and radon. 

12. A rem is the dosage of any ionizing radiation that will cause 
the same amount of biological injury to human tissue as one 
roentgen of high-penetration x-rays. A millirem is one thou
sandth of a rem. 
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Table 9-4-
Representative Releases of Airborne Radioisotopes from Commercial Nuclear Power Plants 

Isotope 

Noble Gases 

lodine-131, 133 

Carbon-14 

Tritium (H-3) 

Particulates 

Maximum Individual Total Body Dose from Noble 
Gases 

Maximum Individual Organ Dose from Iodine and 
Particulates 

transmutation of uranium during reactor operation. Acti
vation products include radioisotopes formed by neutron 
flux during reactor operation. 

The classes of radioisotopes described above appear in 
a variety of physical and chemical forms during the course 
of reactor operation. Airborne particulates and gaseous 
wastes were discussed earlier; the solid waste forms will be 
discussed here. 

Techniques for treatment and disposal of radioactive 
waste depend on the physical and chemical characteristics 
of the waste as well as the radiological characteristics of 
the contained isotopes. For purposes of determining the 
general method of final disposal, radioactive waste is clas
sified as high-level waste, transuranic waste or low-level 
waste. 

High-level waste has high concentrations of beta and 
gamma-emitting isotopes and may have significant con
centrations of transuranic materials (isotopes of neptu
nium and heavier elements including plutonium). The 
only reactor product within the category is spent fuel. 
Spent fuel must either be reprocessed to recover uranium 
and plutonium or it must be treated as waste. Reprocess
ing will not be common practice for a long time, if at all. 
Transport to disposal sites or reprocessing plants raises 
concerns regarding transportation accidents, accidental 
spillage and theft. Short of accidents or willful sabotage, 
the transfer of wastes is expected to result in no damage 
to the environment or to fish and wildlife with the excep
tion of the land developments, which could affect wildlife. 

Transuranic wastes have significant amounts of alpha
emitting transuranic isotopes and low levels of beta and 
gamma emissions. Transuranic wastes are produced during 
normal reactor operation, but are contained within the 
spent fuel elements unless the fuel cladding is breached. 

High-level and transuranic radioactive wastes contain
ing significant concentrations of long-lived isotopes must 
be isolated for thousands of years. Pursuant to federal 
statute, work is now underway to choose suitable disposal 
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Boiling Water Reactors Pressurized Water Reactors 
(curies/year) (curies/year) 

32,774.0 10,179.0 

2.9 0.015 

9.5 8.0 

78.0 760.0 

0.26 0.06 

0.31 millirem/year 0.14 millirem/year 

3.4 millirem/year 0.14 millirem/year 

sites for spent nuclear fuel and high-level wastes. Under 
current planning, disposal of high-level waste in the 
United States will be in a deep geologic repository, al
though surface storage with adequate monitoring has 
many proponents. Monitored retrievable storage keeps 
options open to reprocess the fuel at a later date, and al
lows for corrective actions in the storage of the waste. 
However, retrievable storage increases the risk of sabo
tage and accidents from acts of war or nature. Spent reac
tor fuel is currently held in storage at reactor sites, 
pending implementation of a federal spent-fuel disposal 
system. 

Finally, low-level wastes are characterized by relative
ly low levels of beta or gamma emissions and insignificant 
concentrations of transuranic materials. Low-level wastes 
produced during reactor operation include gaseous waste, 
compactable and combustible wastes, concentrated liquids 
and wet wastes, and non-combustible operating and de
commissioning wastes. Disposal of low-level wastes is ei
ther by dilution to acceptable levels and release or by 
shallow land burial. Compactable and combustible wastes 
are reduced in volume by compaction and incineration, 
packaged and placed in shallow land burial sites. Liquids 
and sludges are solidified, packaged and placed in shallow 
land burial sites. Non-combustible operating and decom
missioning wastes are packaged and placed in shallow land 
burial sites. 

Typical high-level and low-level radioactive waste 
production from commercial nuclear power plants is sum
marized in Table 9--4. 

Decommissioning 

One method of decommissioning a nuclear power 
plant requires the removal of all fuel. Next, the plant is 
sealed and cooled for 10 years, during which the site must 
be monitored and isolated. The reactor building is then 
covered to withstand natural forces for 200 years. All ex-
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pected costs of decommissioning are included in the 
Council's estimated cost of producing power. 

Summary of Environmental Effects: A summary of 
the primary (first order) environmental effects of a repre
sentative nuclear power plant is provided in Tuble 9-5. 

Geothermal 

The principal environmental concerns regarding geo
thermal development in the Pacific Northwest are air, wa
ter and noise impacts; land subsidence; effects on water 
supply and wildlife habitat; aesthetic impacts; and land
use conflicts. To a large extent, many of these impacts can 
be mitigated. 

Air Impacts 

Impacts of a single geothermal facility on air quality 
are closely related to the non-condensible gas content of 
geothermal fluid. Although these impacts are usually 
minimal when viewed from a regional or national perspec
tive, they may be significant in a given locale because of 
site-specific factors. The concentrations of non-condens
ible gases in geothermal fluids are highly variable from 
field to field and even from well to well. 

Non-condensible gases may include carbon dioxide 
with lesser amounts of ammonia, methane, hydrogen sul
fide, mercury, radon, boron and trace metals. 

Non-condensible gases come out of solution during 
the depressurization of geothermal fluids for steam forma
tion. Principal release points include condenser gas ejec
tion, cooling tower exhaust, power plant bypassing during 
shutdown and well venting. Hydrogen sulfide is the most 
troublesome non-condensible gas, because of its odor at 
low concentrations and toxicity at higher concentrations. 
Hydrogen sulfide poisoning affects the nervous system, 
causing excitement and dizziness and can result in respira
tory failure at high concentrations. Contemporary flash
steam geothermal power plants, such as those likely to be 
constructed in the Northwest, collect and reinject non
condensible gasses to the geothermal reservoir. 

The greatest danger from hydrogen sulfide is to drill
ing crews during drilling. Available mitigation measures 
normally include detection equipment and alarms, emer
gency breathing equipment, well-shutdown procedures, 
mufflers with scrubbers, and chemical solutions that can 
be injected to remove hydrogen sulfide. 

Concentrations causing discomfort, but not posing a 
risk to public health or welfare, occur at generating facili
ties. Several treatment technologies have been developed 
for generation plants, including those that create sludge as 
a waste product and need proper disposal. Present evi
dence indicates that hydrogen sulfide will not cause severe 
vegetation damage. Various state and federal agencies are 
proposing emission limits for hydrogen sulfide. 
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Boron has been determined to cause symptoms of 
stress and serious damage in some tree species. It is un
clear whether it would be considered a serious environ
mental hazard at this time. Boron can be removed before 
being vented to the atmosphere. 

Non-condensible gases appear to be a minor problem 
when resource development uses binary generating tech
nology. Binary systems use a closed system to handle geo
thermal fluids, thereby reducing or eliminating their 
exposure to the atmosphere. 

Water Impacts 

Water pollution could occur at any stage of geother
mal exploration or development. Many regulations and 
operating orders are intended to prevent contamination. 
Surface water or groundwater can be contaminated by 
drilling mud, which may contain petroleum-based addi
tives; by blowouts, in which a well casing ruptures, and 
geothermal fluids mix with surface water or near-surface 
aquifers; by rock cuttings that contain toxic chemicals; and 
by surface erosion during construction. Most of these con
ditions can be prevented by isolating the surface water or 
groundwater from possible contaminants. This is done by 
using sumps with impervious linings, properly designed 
wells and casings, and removal of toxic wastes to accept
able disposal sites. 

The most serious potential contaminant is "spent" 
hydrothermal fluids. Ways of disposing of the fluids in
clude evaporation, surface spreading and injection. The 
method used depends on the quantity of waste water. 
Contemporary flash-steam and binary plants reinject 
spent geothermal fluids into the reservoir. This has the 
added advantage of maintaining reservoir fluid levels. In
jection into the producing aquifer is the preferred method, 
especially when fluids contain brine (salts) and other po
tential pollutants. This method has the advantage of help
ing to maintain the long-term productivity of the field by 
returning fluids to the geothermal reservoir. Subsurface 
disposal is regulated by Environmental Protection Agency 
regulations and by state programs developed under the 
Safe Drinking Water Act. 

Another serious concern is disturbance of aquifers 
during drilling or reinjection of spent fluids. These aqui
fers can be polluted accidentally, either chemically or 
thermally. 
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Table 9-5 
Summary of Environmental Impacts for Representative Nuclear Power Plants 

Light Water Reactor! 

Air Residuals Annual Level Per Megawatt-Year 

Sulfur Dioxide (SO2) (lb.) Negligible Negligible 

Oxides of Nitrogen (NO) (lb.) Negligible Negligible 

Total Suspended Particles (TSP) (lb.) Negligible Negligible 

Carbon Dioxide (CO) (lb.) Negligible Negligible 

Airborne Radioactive Releases (Ci) 11,000-33,000b 15-45c 

Water Use 

• Gross Water Use (gallon) 5.7x1Q9 d 7.5 X 1()6 d 

• Consumptive Use (gallon) 5.7 X 109 d 7.5 X 1()6 d 

Thermal Effects 

• Reject Heat (Btu) 45 X 1012 60 X 109 

Solid Waste 

• Spent Fuel (lb.) 50-60,000 70 

Land Requirements 

• Site (acres) 20oe 0.3f 

• Exclusion Area (acres) 7,260e 9.7f 

a 1,250 megawatt unit, 60 percent capacity factor, 10,260 Btu per kilowatt-hour. 
b 11,000 for pressurized water reactor; 32,900 for boiler water reactor. 
C 15 for pressurized water reactor; 45 for boiler water reactor. 
d Using closed-cycle cooling. 
e Site and exclusion area totals. 
f Per average megawatt energy production. 

Noise Impacts 

A number of significant noise sources are associated 
with development and use of geothermal resources. These 
sources include sounds from diesel engines used in con
struction machinery, compressors and well drilling equip
ment; compressed air releases; turbines; gas ejection; 
cooling towers; and venting of geothermal steam during 
well testing and plant shutdowns. For example, the noise 
level from venting an unmuffled well can reach 130 deci
bels (about the level of a jet on takeoff). The noise levels 
for drilling could reach 90 decibels, and a cooling tower 
for a 100-megawatt power plant could reach 84 decibels 
(slightly higher than a busy street comer in a city). If sen
sitive receptors such as recreation areas are closer than 
one mile, there is likely to be some annoyance or com-
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plaints, unless additional mitigation steps are taken. Pre
liminary noise studies from The Geysers in Calif omia on 
wildlife impacts indicate that moderately increased sound 
pressure levels up to 100 decibels do not produce any 
drastic changes in wildlife communities. Some evidence 
indicates that certain species are displaced from noisy 
areas, but noise has not been proven to be the causal fac
tor. 

Noise shielding by terrain, earth berms, vegetation 
and equipment can mitigate noise levels. Full use of dem
onstrated noise control technology can reduce most source 
noise to levels acceptable to quiet rural communities at a 
distance of 1,000 feet. 
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Land Subsidence 

The removal of large amounts of geothermal fluids 
from a geologic formation may cause land surface subsi
dence (sinking). Permanent and non-recoverable subsi
dence results from long-term removal of fluids and from 
the compression of aquitards such as clay, silty material or 
shale above and below a reservoir. 

Subsidence problems can be mitigated through injec
tion of spent geothermal fluids (or other sources of wa
ter), which serve to maintain pressures within the 
resource. Even with mitigation, there still could be some 
localized sinking around production wells and some uplift
ing around injection wells. 

Reinjection of spent geothermal fluids from electrical 
generation conserves the resource and is the usual dispos
al method for the fluid in the United States. 

Water Supply 

Geothermal power production typically requires large 
amounts of water for condenser cooling. Evaporative cool
ing systems with mechanical draft cooling towers normally 
are used. The source of this water is usually the con
densed steam from turbines. At The Geysers, for example, 
about 80 percent of the condensed water from turbines is 
used as cooling tower make-up. The remaining 20 percent 
is injected back into the geothermal reservoir. 

Binary systems (in which all geothermal fluids are re
injected) can require large volumes of water from sources 
other than geothermal reservoirs for cooling. These 
sources can include lakes, rivers or groundwater aquifers. 

Wildlife Habitat 

Human activity associated with geothermal explora
tion and development may intermittently affect patterns 
of wildlife habitat. Exploration activities are generally 
low-density and short-term, ranging from a few days to a 
few months. If development takes place, activity would 
substantially increase during construction and develop
ment, but would be reduced to a lower level during pro
duction. The production phase would last for 30 years or 
more. 

The timing and location of activities in relation to key 
habitat and use patterns would determine the significance 
of displacement or disturbance. Potential conflicts would 
be greatest in areas where wildlife congregate and during 
periods of migration and reproduction. 

Stipulations that restrict the season of use could be 
used to mitigate the effects and protect sensitive wildlife 
habitat. 

Land Use/ Aesthetics 

The amount of land where vegetation will be lost va
ries with the type of generating facility. For example, well
head generators and small plants (5 to 10 megawatts) have 
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different requirements for space than large centralized 
plants (50 to 100+ megawatts). Typically, centralized 
plants and related developments occupy from 5 to 20 per
cent of the surface area of the geothermal field. The plant 
site is used intensively and would require clearing forested 
areas. Wellfields vary from 100 acres to several thousand 
acres. Wellfield development is less intensive and includes 
scattered well pads and fluid collection and reinjection 
piping from the plant to each well. If, for example, one 
assumes that there is potential to produce electrical ener
gy in amounts ranging from 500 to 1,000 megawatts, the 
amount of surface area affected by development could 
range from 750 to 1,500 acres. (These acres would not be 
contiguous.) Should the geothermal resource be depleted, 
the area would be reclaimed, including revegetation with 
appropriate species. 

Geothermal development often occurs near natural 
and wilderness areas. Because geothermal development is 
an industrial activity in an otherwise natural area, this can 
conflict with the aesthetics of these areas. 

Solar Thermal and Solar Thermal with 
Natural Gas 

Construction 

Solar thermal resources affect land use during con
struction and thereafter. A solar-thermal power plant 
would require about 18 acres per peak megawatt; about 60 
acres per average megawatt of energy. 

Production of Electricity 

Production of electricity using solar resources creates 
no air pollutants. Heat exchange fluids can be quite toxic, 
and spills are possible. Luz International13 has experi
enced some leakage of toxic fluid from piping onto the 
desert floor. Any damages will be confined to the plant 
site, since no effluents are emitted into the air. For the 
solar thermal/gas hybrid option, the operation of the plant 
in the Northwest would result in using gas about 70 per
cent of the time. Thus, environmental effects of a gas unit 
would be weighted 70 percent and those of the solar frac
tion 30 percent. Given that a stand-alone solar generator 
is environmentally better than gas-fired generation, the 
solar hybrid also would be environmentally better, albeit 
to a lesser degree. 

As indicated, some leakage of toxic fluids from the 
piping onto the desert floor has occurred. The cleanup 
required is similar to that required for PCB spills. This 
problem could be mitigated with better seals on piping, 
although the operating temperatures make this difficult. 
Luz is considering using steam instead of synthetic oil as 
the heat-exchange medium in future plant designs. 

13. Luz International is a manufacturer of utility-scale solar 
generating facilities. 
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Solar Photovoltaic 

Construction 

A central-station solar photovoltaic power plant oper
ating in the Northwest would require about 15 acres of 
land per peak megawatt; about 45 acres per average mega
watt of energy. 

Production of Electricity 

Solar photovoltaics devices are made with many dif
ferent materials. Single crystal silicon or amorphous sili
con cells have few potential environmental effects. 
However, some of the more-efficient cells contain toxic 
materials, such as gallium arsenide and cadmium sulfide. 
Water that comes in contact with these cells during the 
manufacturing process will have to be treated carefully to 
avoid contaminating nearby groundwater.14 In addition, 
these cells may cause a waste disposal problem at the end 
of their lifetime. 

In production, a fire potentially could release some of 
the toxic chemicals used in the manufacture of the solar 
cells. In general operation, the levels of environmental 
effects should be very close to zero. 

Wind 

Construction 

A typical wind power plant will require about 30 acres 
per megawatt of capacity; about 90 to 150 acres per aver
age megawatt of energy. Unlike solar power plants, a rela
tively small percentage would be disturbed and many 
pre-existing land uses could continue at the site. 

Production of Electricity 

Using wind to generate electricity produces no pollut
ants, per se. Environmental effects include aesthetic con
cerns, land-use impacts, noise, interference with radio 
signals and possibly some disruption in migratory patterns 
of birds. Future wind power studies should examine these 
potential effects further, and mitigation techniques should 
be identified. Wind turbines alter the aesthetics of shore
lines, mountains, gorges and other areas with typically 
high winds. Each of these effects are site-specific and may 
or may not cause significant concern among citizens, de
pending on the site. 

The need to avoid obstructions around wind genera
tors may require restrictions on certain types of land use. 
The Council recognizes that wind generators do not pol
lute the air, use water, create solid waste and probably 
would not cause severe ''boom town" effects. With proper 
control, erosion, siltation and water pollution can be 
avoided. Wind generators do not affect free-flowing rivers 
and can probably be sited with minimal impact on wildlife 
habitat. The Council expects wind power to be a desired 

1991 NORTHWEST POWER PLAN-VOLUME II 

CHAPTER9 

energy resource for the region with little or no adverse 
environmental impacts, especially when considered rela
tive to fossil fuel-fired plants. 

Hydropower 

The development process for the Council's Columbia 
River Basin Fish and Wildlife Program, adopted Novem
ber 15, 1982 and amended in 1984 and again in 1987, pro
vided a wealth of information on the effects of 
hydropower development on fish and wildlife as well as 
measures for mitigating those effects. Those consider
ations also were taken into account in development of this 
plan. 

The effects of hydropower generation are limited gen
erally to the stream and fisheries affected by a dam. That 
is, no serious air pollution or solid waste problems are 
raised by hydropower projects, and they do not rely on a 
finite fossil fuel. Because new large dams are not contem
plated, the effects described below focus on high-head, 15 

run of river16 or diversion hydropower projects. 

Construction and Operation 

Construction of a hydropower project may result in 
erosion and sedimentation near the stream, causing in
creased water turbidity. These effects can reduce the aes
thetic quality of the stream as well as harm its value for 
fish, wildlife and recreational uses. Sometimes these ef
fects are limited to the construction period and are not 
considered significant enough by themselves to warrant 
foregoing otherwise feasible hydropower sites. 

Hydropower plants can block downstream movement 
of gravel and some sediment. Fish spawning and rearing 
habitat may be lost. This effect can be mitigated somewhat 
by habitat restoration projects downstream. 

Among the adverse impacts on migrating and resident 
fish are turbine-related mortality, migration barriers, de
watering of streams, alteration of flows, inundation of 
habitat and the effects of increased travel time. Although 
they are not entirely effective or feasible in all locations, 
mitigation measures include fish screens and bypass sys
tems, water spills to aid fish for passage, fish ladders, es
tablishment of minimum flows and flow augmentation. 

14. Environmental effects associated with the manufacture of 
plant parts have not been addressed for any other resource. 
They are mentioned here because the Council received com
ment that we should address this issue. However, these effects 
will not be considered in the summary at the end of this docu
ment. 

15. Head is the vertical height of the water in a reservoir above 
a turbine. 

16. A run-of-river project has little or no storage and thus lim
ited ability to regulate flows. 
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Another impact is nitrogen supersaturation caused by 
spilling of water over the dam. Sometimes lethal to fish, 
this effect can be and has been mitigated with the use of 
devices that deflect spilled water. Nitrogen supersatura
tion also can be the result of entrainment of air into the 
intake/penstock of a high-head project. Baffling to reduce 
intake vortexing, air-relief valves in the pipeline, and 
avoidance of negative pressures in the pipeline are mecha
nisms to address the problem. 

Other impacts from operations of hydropower facili
ties include stranding of adult and juvenile fish and drying 
out nests when water fluctuates in the stream. These are 
important fish considerations when designing project com
ponents and developing operation criteria where anadro
mous17 fish are found downstream of the project. 

When a typical project goes online and offline, it 
causes flows to fluctuate in the bypassed reach and down
stream of the powerhouse. Because the minimum in
stream flow in the bypassed reach is often relatively small 
compared to the quantity of water diverted for power gen
eration, the fluctuation inflow can be significant. The 
problem often is compounded by the length of time it 
takes for the water to travel from the diversion to the 
powerhouse, once water diversion is discontinued. Out
ages may result in frequent, significant flow fluctuations, 
particularly if the project is fully shut down. A project out
age can cause a decrease in flow and river levels below the 
powerhouse. This decrease in flow causes downstream 
habitat to be dewatered. Dewatering habitat can strand 
and kill juvenile and adult salmon on exposed gravel bars 
and in dewatered side channels and potholes. A similar 
problem occurs when a nest is dewatered. In this case, the 
eggs or yolk sac fry are the life stages affected. 

Mitigation recommendations include installation of a 
flow continuation valve (or a turbine design that performs 
a similar function) in the powerhouse, identification of 
critical flow levels, and the establishment of downramping 
(flow reduction) rates. A flow continuation system that 
maintains the powerhouse discharge during an outage, 
while dissipating the water's energy, is the best way to 
minimize operation impacts, because it eliminates the 
fluctuation under many circumstances. 

Federal law prevents licensing hydropower projects on 
or directly affecting wild and scenic rivers, and special con
sideration is required when the following are involved: 
Indian lands, Indian fisheries, historic or archaeological 
sites, national wildlife refuges, national monuments, na
tional recreation areas, national parks, endangered species 
habitat or lands adjacent to wilderness. In estimating the 
amount of hydropower potential for this plan, the Council 
eliminated national parks and wilderness areas from con
sideration. 

730 

ACCOUNTING FOR ENVIRONMENTAL EFFECTS IN RESOURCE PLANNING 

In addition, on August 10, 1988, the Council adopted a 
proposal to designate approximately 44,000 miles of 
streams throughout the region as protected from new hy
dropower development because of their importance as 
critical fish and/or wildlife habitat. In adopting this pro
posal, the Council concluded that hydropower develop
ment in the designated areas would have major negative 
impacts that could not be mitigated and that protecting 
these resources is consistent with an adequate, efficient, 
economical and reliable power supply as required by the 
Northwest Power Act. Following adoption of this proposal, 
the Federal Energy Regulatory Commission recognized 
the Council's plan and program as a comprehensive plan 
under the Federal Power Act, which means that the Com
mission will consider the Council's plan and program in 
reaching decisions on licensing future hydropower proj
ects. As a result, this power plan excludes currently unli
censed hydropower development involving new water 
control structures in the Council's protected areas. 

Installation of hydropower projects on a previously 
free-flowing stream also can reduce or eliminate the 
stream's value for kayaking, rafting and some types of fish
ing. It can also reduce the forest land base and affect In
dian religious sites. In addition, although the effects of 
particular projects may be relatively minor, the cumulative 
effects of several hydropower dams on a single stream or 
in a single basin, drainage or subbasin can be serious. As a 
result, this plan includes measures to allow future hydro
power development only at the least sensitive locations 
and with minimum environmental impact. 

Because of these safeguards, the Council believes 
necessary additional hydropower development can occur 
in an environmentally sound manner. 

Conservation 

Conservation will be a key contributor of energy in 
the resource portfolio no matter how future electrical 
loads grow. Large amounts of conservation are available 
from a variety of technologies in almost all energy-con
suming activities throughout the region. The construction 
phase of conservation has identical environmental effects 
as the construction of buildings. For new buildings, the 
incremental effect of installing conservation measures is 
virtually nil. For existing buildings, there are clearly some 
effects, but they are too small to be of concern for this 
plan. 

17. Anadromous fish are born in freshwater streams, migrate to 
the ocean to spend their adult lives, and return to spawn in 
streams where they were born. Examples are salmon and steel
head. 
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Indoor Air Quality 

The primary environmental cost of conservation has 
been identified as a potential negative impact on indoor 
air quality. However, this impact can be negligible-or 
even positive-if appropriate provisions are made for ac
ceptable indoor air quality and adequate ventilation when 
conservation measures are installed. The fear is that en
ergy-efficient buildings will have less ventilation than or
dinary buildings. In buildings with less natural air leakage, 
the potential exists for higher concentrations of normally 
occurring indoor air pollutants. 

Formaldehyde, radon, volatile organic compounds and 
combustion by-products, such as benzo(a)pyrene, are the 
indoor air pollutants considered the major potential health 
risks in residential and commercial buildings. Health ef
fects of inhaling higher-than-average concentrations of 
these chemicals can range from headaches and sore 
throats to increased chances of incurring lung cancer. 
Moisture (i.e., humidity) can be an indoor air pollutant 
when it becomes excessive, contributing to the growth of 
molds, mildews and fungi. 

Pollutants can enter a home from a variety of sources. 
These include the materials used to build the home, the 
appliances and furnishings within it, materials smoked in 
the home, chemicals brought into the home, cooking and 
even taking showers. In general, new energy-efficient 
homes and new conventional homes do not differ signifi
cantly in their sources of pollutants. 

The amount of pollution within a building depends on 
three factors: the strength of the source, the ventilation 
rate of the building and the rate at which the pollutant is 
removed from the air by chemical reaction or physical pro
cesses. The source of the pollutant is a very important 
factor. If there is no source in the home to start with, 
there is no need to remove it. Although some pollutant 
sources are unavoidable, many pollutant sources can be 
avoided or minimized at the time a building is constructed 
or remodeled. For example, formaldehyde off-gassing can 
be reduced through the use of low-fuming formaldehyde 
wood products rather than the use of ordinary plywood 
and particle board. Reducing the source of pollution can 
have significant beneficial impacts in either an energy
efficient or a conventional home. 

There have been many studies throughout the world 
during the past decade to better explain the relationship 
between indoor air quality and energy conservation. These 
studies show that properly built energy-efficient homes 
are no more prone to indoor air quality problems than 
non-energy-efficient homes. This is partially due to the 
fact that even if an energy-efficient home has a lower air
exchange rate (ACH), it does not necessarily have worse 
indoor air quality. This is because so much depends on the 
source of whatever pollutant is present. Studies show that 
very leaky houses can have indoor air pollution problems, 
while relatively tight homes can have very low levels of 
pollutants. These findings indicate that strong pollutant 
sources can overwhelm ventilation. However, at lower 
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pollutant levels, ventilation is one important means for 
pollution control. In addition, ventilation rates at point 
sources may be more important than the average ventila
tion rate. In some cases, energy lost through ventilation 
can be recovered through heat exchangers and heat pumps 
in the effluent stream. 

The Council has taken significant precautions to en
sure that conservation actions do not worsen indoor air 
quality. Houses and commercial buildings built to the 
model conservation standards must have equal if not bet
ter indoor air quality than current-practice buildings. The 
potential indoor air problems discussed above have been 
internalized by the requirement for adequate indoor venti
lation in any program aimed at tightening structures to 
save energy. Residential model conservation standards 
require mechanical ventilation, radon mitigation packages 
and spot ventilation to achieve this goal. In addition, mod
el conservation standards require that combustion 
appliances have access to outside combustion air and that 
low-formaldehyde products be used in the construction of 
buildings. Commercial buildings are required to adhere to 
the ventilation requirements of the American Society of 
Heating, Refrigerating and Air-Conditioning Engineers 
(ASHRAE) and the Environmental Protection Agency. 

Summary by Resource 'fype 

Tuble 9--6 displays the physical quantities of air pollut
ants produced by each resource considered in this plan per 
megawatt-year of electricity produced. A question mark 
has been inserted where the quantities are currently not 
known. The effects of these pollutants will depend on 
where the plant is located. For example, a ton of particu
late matter emitted in a remote area with good dispersion 
will have less impact than a ton emitted in an area that 
already has relatively poor air quality. The figures of Tuble 
9--6 include only the releases directly associated with plant 
operation. Other parts of the fuel cycle may result in addi
tional releases of these pollutants. 

The information presented earlier in the text of this 
document and the physical pollutants emitted to the air, 
shown in Table 9--6, are here synthesized into a summary 
of environmental effects and the environmental risk faced 
with each resource alternative. Environmental risk repre
sents exposure to future direct environmental conse
quences, such as a nuclear accident, as well as the risks of 
future costly regulation, taxes, or ultimate prohibition. 
Such a prohibition could result if it is determined that the 
environmental damages are greater than previously be
lieved. 

The following summary paragraphs for each resource 
represent an environmental perspective only; therefore, 
decisions about which resources to include in a power plan 
cannot be made solely on this information. The Council 
could determine that other qualities of resources, such as 
availability, reliability or costs, justify incurring larger envi
ronmental damages. If, for example, other technologies do 
not mature as envisioned in the Council's plan, coal-fired 
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plants may be the only resource available to meet loads, 
even though coal's environmental effects appear to be 
greater than other alternatives. Also, it should be recog
nized that all resources have some environmental short
comings, although some have fewer adverse effects. 

The actual environmental effects of any plant will be 
based not only on the plant's emissions to air, water and 
land throughout the fuel cycle, but also on the location of 
these activities relative to prevailing winds and potentially 
affected populations. Because the locations of plants are 
not known, the implicit working assumption used here is 
that all plants are located in the same position relative to 
potentially affected agents. In reality, this might not be 
the case, as, for example, gas-fired plants are more likely 
to be placed closer to population centers because of their 
relatively less severe environmental impacts. 

Coal 

Coal-fired generation probably affects the environ
ment more than any other resource considered in the 
Council's resource analysis. Air, land and groundwater are 
affected at the mining and combustion stage. No other 
resource affects the land as adversely during the explora
tion and mining phase as does coal mining, with the possi
ble exception of oil exploration and development in 
pristine environments. Rail transportation of coal also af
fects air quality and disrupts traffic patterns in some towns 
as 100-car unit trains pass through. Transportation of coal 
also appears to have more continuing environmental ef
fects than transportation of fuels associated with other 
resources. Transportation of oil could have more cata
strophic environmental problems, but these problems are 
considered as an environmental risk, as opposed to a con
tinuing effect. 

Improved coal technology, including fluidized bed 
combustion plants and coal gasification combined-cycle 
plants can significantly reduce the amount of pollutants 
emitted from coal-fired power plants (see Tuble 9-6). The 
Council assumes that new coal-fired power plants built to 
serve Pacific Northwest needs would employ advanced 
"clean coal" technologies. The reference coal-fired power 
plants used in this plan are gasification combined-cycle 
plants. 

But, combustion of coal, even at relatively clean 
plants, 18 emits more of the major pollutants into the at
mosphere than other resources. Per unit of output, coal 
plants emit more particulates, more sulfur dioxide and 
more nitrogen dioxide than any other resource. Coal . 
plants also emit more particulates than every resource 
except biomass. Only biomass-fired power plants emit 
more carbon monoxide and hydrocarbons. Each of these 
pollutants affects the air, water and land in adverse ways. 
These effects are described in this chapter and Volume II, 
Chapters 7 and 8. 
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Disposal of ash sludge and flue gas desulfurization can 
require up to 1,400 acres of landfill for a conventional 500 
megawatt pulverized plant. Because the ash contains toxic 
elements, revegetation can be difficult. 

Because coal plants represent a large project for most 
locations, their construction can create peaking problems 
for a community's infrastructure. Often, the cost of ex
panding local services to accommodate the influx of con
struction crews and other related personnel is added to 
the cost of the plant. To the extent that these costs are 
included for coal plants and all other plants, this issue is 
resolved.19 In general, the effects of construction on com
munities and their infrastructure are both positive and 
negative and are not as important as the effects from pol
lutants emitted throughout the fuel cycle. 

Coal is also considered to be the most environmental
ly troubling resource when considered from its effects on 
the human and natural environment. Effects on man's 
environment are more severe than for other resources in 
exploration, mining, transportation and combustion. How
ever, the effects of pollutants emitted during the produc
tion of electricity are the ones of most concern. Toxic 
constituents of coal can attach to particulates produced 
during the combustion of coal and be inhaled. On a per
megawatt basis, among electric generating resources, coal 
plants are the largest emitters of nitrous oxides and sulfur 
dioxide, the precursors of acid rain, which affects vegeta
tion, rivers, lakes and fish, as well as buildings, bridges and 
other physical structures. Finally, coal also is considered to 
be an environmental risk because of the uncertainty im
posed by the fears of global warming. Coal combustion 
emits more carbon dioxide per unit of energy produced 
than other resources, with the exception of biomass-fired 
power plants. Tuble 9-6 shows that coal plants emit from 
8,600 to 10,400 tons of carbon dioxide per megawatt a 
year. Wood biomass power plants also produce a consider
able amount of carbon dioxide, but if replanted, trees 
grown for fuel have zero net effect on the total amount of 
carbon dioxide emitted, because they remove carbon diox
ide from the atmosphere as they grow. Should the worst 
fears of scientists be realized, operating coal plants could 
be assessed a tax on carbon dioxide emissions or, at the 
extreme, be prohibited from operating. 

18. Pulverized coal plant emissions considered here and shown 
in Table 9-6 are assumed to have controls that remove 99.2 
percent of all particulates, 95 percent of all sulfur dioxide and 
60 percent of all nitrogen dioxide. This level of control is great
er than that required by federal new-source performance stan
dards, but does not represent the very best technologies. 

19. The Council's cost estimates for large power plants include 
an allowance for mitigation of socioeconomic impact. 

1991 NORTHWEST POWER PLAN-VOLUME II 



ACCOUNTING FOR ENVIRONMENTAL EFFECTS IN RESOURCE PLANNING CHAPTER9 

Table 9-6 
Common Pollutants Emitted into the Air (Tons per Megawatt per Year)a 

Total 
Suspended Sulfur Nitrogen Carbon Carbon 

Technology Particulates Dioxides Oxides Monoxide Dioxide 

Small Pulverized Coalb 1.78 2.00 17.2 1.71 10,368 

Large Pulverized Coalb 1.76 1.97 16.9 1.69 10,226 

Atmospheric Fluidized Bed (Coal)b 1.60 1.80 15.3 1.54 9,313 

Integrated Coal Gasifier Combined Cycleb .6 .36 (2--6.5) .15 8,626 

Combustion Turbine (Natural Gas)b .119 .029 7.87 1.91 5,000 

Combined-Cycle Combustion Turbine .04 0 2.80 2.23 4,174 
(Natural Gas)C 

Combustion Turbine (Oil)C 1.45 10.3 4.99 5.65 8,006 

Combined-Cycle Combustion Turbine (Oil)C 7.62 7.62 1.10 1.10 6,237 

Cogeneration (Natural Gas) d d d d d 

Biomass Steam-Electric (Wood)C 1.88 .57 9.94 18.7 13,183 

Cogeneration (Wood) d d d d d 

Municipal Solid Waste (RDF)b,e .24 3.31 15.0 10.8 ? 

Municipal Solid Waste (Mass Bum)b 1.43 4.13 13.5 8.34 ? 

Nuclear 0 0 0 0 0 

Geothermal (Flashed Steam) f .w f f 2~ 

Solar Thermal 0 0 0 0 0 

Solar Photovoltaics 0 0 0 0 0 

Wind 0 0 0 0 0 

Hydropower 0 0 0 0 0 

Conservation 0 0 0 0 0 

a Emission levels are consistent with emission control technology assumed in Volume II, Chapter, 8. 

b SOURCE: Joyner, Michael W, Environmental Protection Agency, Office of Air and Radiation, Office of Air Quality Planning 
and Standards. Compilation of Air Pollutant Emissions Factors: v. 1 Stationary Point and Area Sources, 1985. Coal Gasification Com-
bined Cycle Power Generation G.A. Cremer and C.A. Brigens, Shell Oil Company. 

C SOURCE: Bernow and Marron, Tellus Institute, Boston, Massachusetts. The Treatment of Environmental Impacts in Electric Re-
source Evaluation: A Case Study in Vennont, January 22, 1990. 

d All cogeneration facilities will have fewer impacts than a stand-alone unit, because cogeneration will offset pollutants from anoth-
er source. Unless the specific fuel and facility being offset is known, the credit to cogeneration cannot be estimated. 

e Refuse-derived fuel. 

f We have not found good emissions data for geothermal plants, probably because the effluents are so dependent on the chemistry 
of the geothermal resource and partly because of an assumption that closed-loop systems do not emit much to the atmosphere. 

g These are emissions from CEEI's Coso units, which are thought to be typical. 
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Natural Gas 

This category includes single-cycle combustion tur
bines and combined cycle combustion turbines. Gas is a 
relatively clean fuel compared to coal. Particulates and 
sulfuric oxide emissions are quite low, as can be seen in 
Tobie 9-6. Nitrogen dioxide levels from gas plants can be 
high, although selective catalytic reduction technology can 
reduce nitrogen dioxide to fairly low levels (five parts per 
million). This technology is not incorporated into the 
Council's reference plants. If it were added, the capital 
and operating costs of gas-fired plants would increase. 

Gas contains about 50 to 60 percent of the carbon 
contained in coal per million Btu of fuel, and a gas-fired 
plant has a heat rate that is 70 percent of a coal plant's 
rate. Thus, the production of carbon dioxide from gas
fired plants is about 40 percent of the amount from coal 
plants. 20 Gas-fired plants are second to coal in the net 
production of greenhouse gasses. Because of the global 
warming issue, gas-fired power plants impose some risk to 
developers of incurring costs for future mitigation of car
bon dioxide. The effects of gas-fired power plants on wa
ter and land are limited to the effects of exploration, 
development of wells and pipeline construction. On a per
Btu delivered basis, the effects of these activities are con
sidered to be less than similar activities related to coal 
mining and transportation. The negative effects of gas
fired plants on the human and natural environment are 
about 50 percent less than those from coal-fired plants, 
because of the lower emissions, shown in Table 9-6, and 
lesser effects of the natural gas fuel cycle on land and wa
ter. 

Natural Gas as a Resource to Firm Nonfirm 
Hydro power 

"Stand-alone" (i.e., non-cogenerating) natural gas
fired plants used in the Northwest would not be run when 
nonfirm hydropower is available. It is expected that the 
plants will run, on average, about 35 to 40 percent of the 
time. Thus, the environmental effects associated with 
plant operation would be about 35 to 40 percent of those 
listed in Thble 9-6. (The figures in Table 9-6 assume base
load operation.) In essence, each megawatt-year of firmed 
nonfirm hydropower would be a mix of 35 to 40 percent 
generation using gas as a fuel, and the remaining 60 to 65 
percent would use water as a "fuel." 

Oil-Fired Combustion Turbines 

The single-cycle combustion turbines and combined
cycle combustion turbines described in this plan can be 
fired with oil as well as natural gas. Exploration and devel
opment of petroleum are similar to natural gas, but trans
portation of oil presents both an ongoing minor 
environmental impacts and risk of large ocean spills, as 
has been shown in massive spills in Alaska and off the 
coast of Africa. In addition to the transportation issue, oil 
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combustion, though not resulting in the levels of pollut
ants associated with coal plants, is clearly less desirable 
than burning natural gas. Therefore, the environmental 
effects of oil-fired power plants fall somewhere between 
coal and natural gas-fired plants. Oil and gas are relatively 
risky, because they both contribute to greenhouse gasses. 
This could result in requirements to retrofit the plants 
sometime in the future. 

Biomass: Wood 

Wood-fired power plants emit about the same amount 
of particulate matter as coal plants and about 30 percent 
of the sulfur oxides. Nitrogen oxide emissions from wood
fired generators are similar to those of combustion tur
bines, and these generators emit about 70 percent of a 
coal plant's emissions. Although the amount of carbon 
dioxide emitted is large, as can be seen in Thble 9-6, com
bustion of wood is a zero net contributor to greenhouse 
gasses if the biomass is regrown. The severity of the envi
ronmental effects of wood-fired plants falls between gas 
and oil-fired generation, but wood is not as risky as these 
other fuels because it can help delay global warming. Con
cern about global warming might lead to increased wood 
burning, probably within a scheme to grow and harvest a 
sustained yield for electricity production. Other pollutants 
emitted to the environment during the combustion of 
wood can be controlled as easily as they can be controlled 
in other plants burning coal or oil. Transportation of wood 
residues to the plant site can produce impacts related to 
truck or rail operation. To the extent that wood burning 
power plants use logging residue, combustion of this mate
rial under controlled power plant conditions would result 
in less environmental impact than slash burning of this 
material. The Council's analysis of the biomass resource 
considers only the use of biomass residues. 

Biomass: Municipal Solid Waste 

Municipal solid waste can be burned without sorting 
in a "mass-bum" facility, or the garbage can be sorted to 
eliminate non-combustible items from the waste. Sorted 
and shredded municipal solid waste is referred to as "re
fuse-derived fuel." Mass-bum facilities have more severe 
environmental effects than facilities burning refuse-der
ived fuel because there are more toxic substances that 
remain in the waste stream. The pollutants of major con
cern with resources that bum garbage are not necessarily 
those addressed in Table 9-6, but instead are the toxins 
that can be released from plastics and other unknown ele
ments in the waste. As far as the pollutants addressed in 
Table 9-6 go, these resources emit about the same level of 
particulates as coal plants and oil-fired plants. Sulfuric 

20. In addition, leaks from natural gas burners and pipelines 
release some amount of methane, which also is a greenhouse 
gas. 
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oxide emissions fall within the levels emitted by coal and 
oil plants, and nitrous oxide emissions are about the same 
as coal plants. The emissions of municipal solid waste 
burning to the air and water are judged to be about the 
same degree of severity as those emitted by oil-fired 
plants. The effects on the land at the waste disposal stage 
is about the same degree of severity as the effects of waste 
from coal plants, although the effects are obviously less at 
the "mining" stage. However, because the alternative of 
landfills has to be considered, the effects of waste disposal 
from municipal solid waste plants is not a major incremen
tal concern. That is, if the refuse were not burned, it 
would have to be buried. With burning, only the residual 
ash, which has much less volume than the garbage itself, 
has to be buried. The overall effect on humans and their 
environment is considered to be at about the same level as 
oil-fired plants. 

Nuclear 

The normal environmental effects of greatest concern 
associated with the nuclear fuel cycle fall into a different 
category than those addressed for other resources. Ura
nium miners face health risks, as do coal miners, and ura
nium mining disrupts land as does coal mining, albeit to a 
smaller degree. 

However, the key environmental effect from nuclear 
plants is the risk of an accident. It is difficult to think in 
terms of expected damages when an event such as a nu
clear accident can have huge consequences, but is a low
probability event. Even though the probability is low, it 
appears that a large segment of the public believes the 
environmental risk from nuclear plants is great. Regard
less of the estimated probabilities, nuclear power will con
tinue to be judged by perception of risk. This affects the 
ability to develop new nuclear power plants. 

In nuclear plants, emissions of the type of pollutants 
found in fossil-fuel burning plants are virtually nonexis
tent. However, nuclear has its own set of emissions, re
ported in Tuble 9-5. Because the emissions are different 
from those for other resources, it is difficult to summarize 
the relative effects of nuclear power, based on its emis
sions to air, water and land. However, it appears that nu
clear's overall effect on the environment is about the 
same as natural gas. Both have environmental risks, al
though the risks are dramatically different. Gas plants 
could see increased controls, depending on the outcome 
of further global warming research, whereas the nuclear 
risk is based on accidents, sabotage, "acts of God" and 
war. 

Solar Thermal, Solar Photovoltaics and 
Wind 

Compared to all other resources except conservation, 
solar thermal, solar photovoltaics and wind are relatively 
benign. Environmental problems are clearly local in na-
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ture and probably will be dealt with by development stan
dards and zoning ordinances. From a regional planning 
perspective, these resources probably will not be signifi
cantly limited because of environmental concerns. 

Geothermal 

The environmental concerns with geothermal re
sources also are somewhat different from those of typical 
fossil fuel-fired plants. Geothermal has its own unique set 
of problems. Development is often located in remote 
areas and can conflict with nearby pristine and environ
mentally sensitive areas. Development of geothermal proj
ects can require a large land area, and emissions from 
plants are potentially quite toxic. Emissions can be largely 
controlled by reinjection or by use of closed-loop binary 
systems. 

The environmental effects from geothermal resources 
are judged to be about the same in relative severity as 
those from wood-fired generation. Both of these resource 
types are renewable, with some lag time, but they are not 
as environmentally sound as solar and wind technologies. 

Hydropower 

The Council has made major decisions based on the 
environmental effects of hydropower development and 
operation. Approximately 44,000 miles of stream reaches 
have been identified as critical habitat, where hydropower 
development is not appropriate because of the damage 
development and operation would cause to fish, wildlife 
and other important resource values. Those sites that are 
left have no known important fish or wildlife concerns, 
though other stream values may be affected by hydropow
er development. The biggest effect remaining is on water 
use and quality in the streams that would be developed. 
However, new hydropower outside of the protected areas 
appears to be environmentally better overall than many of 
the other alternative resources. The environmental conse
quences of hydropower development are judged at about 
the same relative level of severity as solar thermal re
sources. However, hydropower development is somewhat 
riskier because of possible future fish, erosion, water use 
and water quality concerns. 

Conservation 

This is the most environmentally responsible resource 
of those considered. Its key environmental problem, in
door air quality, can largely be mitigated during conserva
tion acquisition efforts. 
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APPENDIX 9-A 

METHOD FOR DETERMINING 
QUANTIFIABLE ENVIRONMENTAL 

COSTS AND BENEFITS 

Priority is given in the plan to resources that are cost
effective. The Bonneville Power administrator is required 
to estimate all direct costs of a resource or measure over 
its effective life to determine whether a resource or mea
sure is cost-effective. Quantifiable environmental costs 
and benefits are among the direct costs of a resource or 
measure. The Northwest Power Act requires the Council 
to include "a methodology for determining quantifiable 
environmental costs and benefits" in the plan. This meth
odology will be used by the administrator to quantify all 
environmental costs and benefits directly attributable to a 
measure or resource. 

Proposed Method 

A. Identify the characteristics (technical, economic, envi
ronmental and other) of the resource or measure in 
question. Quantify each identified environmental ef
fect in terms of the physical units involved ( e.g., acres 
of habitat, tons of sulfur dioxide, change in water tem
perature). 

B. Identify all potential environmental costs and benefits 
(e.g., the economic value of the effects of changes in 
the environment) that will result from the resource or 
measure. Each one of the environmental studies pre
viously completed by the Council should be subjected 
regularly to public review, comment and improve
ment. Research to identify the environmental costs 
and benefits of each resource should be continued by 
Bonneville in light of advancing knowledge about en
vironmental impacts and of technical changes in re
sources. 

C. Screen the identified environmental costs and benefits 
to determine whether a meaningful economic evalua
tion can be performed. In making this determination, 
refer to the work products of the Council-Study 
Module VI, Nero and Associates, Inc., Reports to 
Council (Iasks 1-6) on Quantification of Environmen-

1991 NORTHWEST POWER PLAN-VOLUME II 

ta! Costs and Benefits, Contract 82-020. In particular, 
consideration should be given to whether economic 
techniques are sufficiently developed to allow for a 
meaningful analysis of the environmental cost or 
benefit. 

D. Determine whether environmental costs and benefits 
that can be meaningfully evaluated in monetary terms 
will be so analyzed. This determination should include 
consideration of: 

1. whether sufficient information exists or can rea
sonably be obtained to allow for an analysis of the 
environmental cost or benefit; 

2. whether the relative cost-effectiveness of alterna
tive resources is such that the as yet unquantified 
environmental costs and benefits would likely af
fect the decision on resource cost-effectiveness; 
and 

3. whether significant costs or benefits remain after 
considering the effect state or local standards may 
have on the environmental cost. 

E. Assemble an information base for each environmental 
cost and benefit that can be quantified that analyzes 
the amount of information available to quantify each 
cost or benefit, and an assessment of the uncertainty 
affecting the ultimate quantity estimates. Federal, 
state and local studies of such environmental costs 
and benefits, scholarly and professional quantifica
tions, and data obtained as a result of public comment 
should be used to the extent appropriate. 

F. Select a specific economic evaluation method based 
on the type of environmental cost or benefit; data 
available to characterize the environmental effect and 
related environmental cost or benefit; experience with 
the method ( e.g., has it been successfully used in the 
past); and type of uncertainties involved. The 
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strengths and limitations of the evaluation method 
will vary with each environmental impact, and this 
should be documented. More than one evaluation 
method may be needed to cross check and verify re
sults. 

G. Describe and, if possible, quantify key physical and 
biological parameters for those environmental costs 
and benefits where it is not possible to develop mone
tary values. 

H. Apply the evaluation methods and compile a record 
that describes the resource, indicates what impacts 
were identified and which measurement methods 
were selected, documents each aspect of the calcula
tion and supports the final result. Throughout this 
process, the administrator should consult with the 
Council, the resource sponsor, interested persons, 
Bonneville customers, consumers, states and local 
political subdivisions. The administrator should in
volve the public to the maximum extent appropriate. 

I. Include all quantified environmental costs and bene
fits in the decision on resource cost-effectiveness. 
Where the environmental costs or benefits have been 
quantified in other than monetary terms, the adminis
trator should make a decision about the cost-effec
tiveness of each resource or measure by comparing 
the dollar cost of resources or measures with such 
costs or benefits to the dollar cost of competing re
sources or measures. A determination should then be 
made as to whether the quantifiable, but unpriceable, 
costs or benefits are sufficient to make an otherwise 
less expensive resource or measure (with such un
priceable environmental costs or benefits) more costly 
than the next most costly resource or measure. 

J. Identify and describe, where no quantification on any 
terms is possible, the environmental costs and bene
fits, and assess their probable magnitude in relative 
terms. The environmental costs and benefits of a re
source should be given due consideration by the ad
ministrator before the resource is acquired. Such 
environmental costs and benefits will be weighed in 
the decision to acquire. 

In 1983 and 1984, Bonneville conducted case studies 
on the environmental costs and benefits of four existing 
individual resources-a coal plant, a combustion turbine, a 
nuclear plant and a hydroelectric dam. These studies 
tested the feasibility of trying to assess environmental 
costs, using specific estimating techniques. The studies 
made environmental cost and benefit estimates for each of 
the four facilities. Generally, the case studies showed that 
it should be possible to establish costs for environmental 
impacts. 

In 1985, Bonneville undertook to estimate environ
mental costs for various types of resources on a generic 
basis. Bonneville hired consultants and conducted a public 
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involvement process to develop generic environmental 
costs for hydroelectric, geothermal, cogeneration, biomass, 
wind and solar resources. These reports are available from 
Bonneville. 
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RESOURCE PORTFOLIO 

Introduction 

A resource portfolio can be thought of in the same 
terms as an investment portfolio. An investor seeks a mix 
of stocks that will produce a high return on investment 
with acceptable levels of risk. In the development of a 
resource portfolio the Council's objective is to find the 
mix of resources that will keep the region's power cost as 
low as possible while providing flexibility to adapt to an 
uncertain future. Both types of portfolios manage risk by 
diversification of their investments. Additionally, both 
must use judgment to include in their decisions those at
tributes that cannot be quantified. 

A power plan resource portfolio is frequently thought 
of as simply four different resource schedules, one for 
each of the four deterministic load scenarios. While a set 
of specific resource schedules for specific load paths is one 
way of describing a resource portfolio, it is much more 
than that. It is more appropriate to think of the portfolio 
as a set of resource availabilities and costs, resource devel
opment priorities, and rules for resource acquisition deci
sions. The information in the portfolio is intended to be 
used in conjunction with evolving load forecasts to guide 
the decision-making process toward the most economical 
resource decisions as the region's energy future unfolds. 
The portfolio represents a strategy for investment in the 
region's energy future. 

The resource portfolio development process plays sev
eral roles in the Council's planning process. First, this is 
where the demand and supply side data comes together in 
a system perspective. The portfolio is the vehicle that inte
grates the conservation supply assessment, the generating 
resource assessment, the demand forecasts and associated 
uncertainty with the economics and physical characteristics 
of the existing hydro-thermal system in the Pacific North
west. Resources compete for inclusion in the portfolio 
based on their ability to adapt to load uncertainty and to 
operate efficiently in conjunction with the Pacific North
wests' hydro-based generating &')'stem. 
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The process also provides a platform to pose ques
tions regarding some of the other major uncertainties af
fecting Northwest power planning. In the development of 
this plan, many alternative scenarios regarding the supply 
and performance of future resources, environmental costs 
and regulatory restrictions, and the level of long-term fuel 
prices were evaluated. Alternative resource portfolios 
were developed to respond to these scenarios and eva
luated in terms of their expected costs, economic risk and 
environmental consequences. This framework can be used 
to formalize some of the trade-offs inherent in power 
planning. For the issues that are not quantifiable, the 
Council exercises its judgment to determine the role of 
the various resources in the portfolio. 

Perhaps the most significant use of the portfolio is its 
contribution to the Action Plan. The portfolio analysis and 
studies of alternative scenarios produce a large amount of 
information regarding the probability and magnitude of 
decisions that will need to be made to maintain a reliable 
power system. This information flows into the develop
ment of the Action Plan and recommendations for near
term actions on conservation programs and generating 
resources. Because both conservation and generating re
sources have lead times, actions to secure resources fre
quently must be taken well in advance of need. While the 
development of the portfolio necessarily uses a long-term 
view to capture all of the economic impacts of long-lived 
resources, it is the short-term actions embodied in the 
portfolio that are the most important. The resource deci
sions made between the present and the next plan1 are 
the real commitments to the energy future of the region. 
Decisions that are required five or 10 years into the future 
will have significant opportunity for review and debate. 
The Council realizes that it is extremely unlikely that the 
resources ultimately acquired over the next 20 years will 

1. The Northwest Power Act stipulates that the Council will 
review its power plan at least every five years. 
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be the same as those in the portfolio. However, the port
folio does provide the basis for resource decisions over the 
next few years. Once implemented, these decisions will be 
irreversible. 

The portfolio also is used to develop marginal or 
avoided cost estimates for use as benchmarks in the re
source acquisition process. These can be used to judge the 
cost-effectiveness of specific resources that may not have 
been treated directly in the resource portfolio analysis. 
Avoided costs are also needed in the design of cost-effec
tive conservation programs. See Volume II, Chapter 14, 
Resource Cost-Effectiveness, and page 55 of this chapter 
for a discussion of resources outside the portfolio. 

In developing a resource portfolio, the Council's pri
mary objective was to achieve the lowest present-value 
system cost2 across the wide range of future uncertainty 
faced by the region. In addition, because future events are 
not guaranteed to turn out as forecast, the Council's port
folio continues to exhibit a high degree of flexibility, al
lowing opportune responses to unforeseen changes. This 
helps to maintain a reliable, economic power system. The 
Council believes the concept of risk management should 
play an important role in the resource decision-making 
process. The flexible planning strategy that has character
ized previous Council plans is emphasized again in the 
1991 Power Plan. 

Generating resource characteristics that lead to en
hanced flexibility and reduced risk are, primarily, short 
lead times and small unit size. Shorter lead times reduce 
the period over which the need for new resources must be 
forecast, and allow resource sponsors to move closer to 
the point of actual need before committing large amounts 
of capital for resource construction. Shorter lead times 
produce a greater likelihood that resources will be useful 
once they are ready for service. Resources with small plant 
sizes would allow the region to make many smaller deci
sions rather than a few large ones, and provide the ability 
to match resource development and load growth more 
closely. 

The concept of resource options was developed and 
emphasized in the Council's first plan. An important ob
jective of this concept is the reduction of resource lead 
times. The options concept permits the region to enter 
into the preliminary stages of resource development, sit
ing, licensing and design based on a relatively high projec
tion of future load growth. This strategy is expected to 
prove cost-effective because the cost of acquiring options 
is low compared to the cost of actual resource construc
tion. 

The options concept leads to a second decision point 
regarding the appropriate time to begin constructing a 
resource. After option acquisition, load forecasts would 
continue to be updated, and the projected need for the 
resource re-evaluated. If loads have not grown sufficiently 
to justify entering construction, the option would be held 
until it was either appropriate to construct the resource or 
the option was lost. The options concept enhances the 
flexibility of the Council's resource portfolio and warrants 
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additional analysis and policy development. Over the plan
ning horizon, the ability to create resource options will 
improve the ability to match the rate of resource develop
ment with resource need and thereby reduce the cost of 
the resource portfolio. 

Most of the resource portfolio studies were performed 
with a computer model referred to as ISAAC.3 ISAAC 
was developed jointly by staff from the Council and Bon
neville, with support from the Pacific Northwest Utilities 
Conference Committee and the Intercompany Pool. It is 
currently used by both the Council and Bonneville for re
source planning studies. ISAAC is used in the portfolio 
development process because of its ability to treat several 
of the major uncertainties that affect Northwest power 
planning. The model is used in decision analysis studies to 
evaluate the risks associated with the resource portfolio or 
a particular set of decisions and is useful in developing 
risk management strategies. 

Unless otherwise noted, all costs mentioned in this 
chapter are expressed in January 1990 dollars. This applies 
to all resource levelized cost values, either real or nomi
nal, and to any present value results for the portfolio stu
dies. 

Resource Portfolio Development 

Process Overview 

The Council's resource portfolio development process 
consists of a number of interrelated activities. These are 
shown graphically in Figure 10-1 and are summarized be
low. 

Load Forecasts 

The process began with development of electricity 
demand forecasts for the region. Five forecasts were de
veloped, each representing a possible regional future. A 
probability distribution for future loads also was devel
oped. In order to focus on the obligations of the Bonne
ville administrator, the forecasts also were broken down 
into demands of the public and investor-owned utilities. 
Volum·e II, Chapters 5 and 6 provide a detailed description 
of the forecasting process and its results. 

2. System cost is defined as an estimate of all direct costs of a 
measure or resource over its effective life, including, if applica
ble, distribution and transmission costs, waste disposal costs, 
end-of-cycle costs, fuel costs and quantifiable environmental 
costs. System cost also takes into account projected resource 
operations based on appropriate historical experience with simi
lar measures or resources. 

3. ISAAC is an acronym for Integrated System for Analysis of 
Acquisitions. Volume II, Chapter 15 contains a description of 
the model. 
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Determination of Resource Availability 

Information from the load forecasts and the avoided 
cost estimates were used to screen resources for the port
folio analysis. Initial estimates of the amounts of cost-ef
fective resources were developed for generating resources 
and conservation programs. For many conservation pro
grams, the amount of efficiency improvement available 
depends on the level of economic activity modeled for that 
sector in the load forecast. This correlation between con
servation availability and load level is used in the portfolio 
analysis. For a full discussion of the conservation and gen
erating resource potential see, respectively, Volume II, 
Chapters 7 and 8. 

Portfolio Analysis 

The load forecast range, its probability distribution, 
and the conservation and generating resource availabilities 
and costs were used with ISAAC to develop a least-cost 
resource portfolio. ISAAC is used here because it incorpo
rates the effects of long-term load uncertainty, hydro un
certainty, resource lead times, conservation program ramp 
rates, seasonality and system operation impacts into the 
cost-effectiveness analysis. The process involved several 
iterations with the forecasting and resource screening acti
vities to produce consistency among the portfolio, loads 
and electricity prices, and conservation energy potentials. 
After development of a least-cost portfolio, alternative 

Analytical 
Flow 

Figure 10-1 
The Resource 
Portfolio Analysis 
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portfolios were developed to address the major resource 
uncertainties facing Northwest power planning. These are 
used in development of the Action Plan, and avoided costs 
were calculated based on the least-cost portfolio re
sources. 

Load Treatment 

Volume II, Chapter 6 describes the development of 
the four demand forecasts in detail. These forecasts pro
vide the starting point for the portfolio analysis and ob
viously are a critical piece of information. However, these 
four specific forecasts are not used directly in the analyti
cal process. Rather, they are incorporated into the analysis 
through definition of the probability distribution for re
gional loads. 

As for any specific forecast, the likelihood is extreme
ly small that future regional load will evolve exactly along 
any one of the four specific forecast paths. However, be
cause of the philosophy underlying their development, the 
forecasts can be used to define a probability distribution 
for future electricity demand. The forecasts were devel
oped in such a way that future load outcomes either below 
the low forecast or above the high were believed to have 
probabilities so low as to justify exclusion for planning pur
poses. In addition, the medium-low and the medium-high 
forecasts define the range of most likely load outcomes. 
These characteristics can be represented with the trape
zoidal probability distribution shown in Figure 10-2. This 
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1rapezoidal 
Distribution 

Figure 10-2 
Loads Between the 
Medium-Low and 
Medium-High are 
Equally Likely 

distribution, expressed in terms of 20-year compound 
growth rates, has a uniform probability of occurrence for 
loads between the medium-low and medium-high, with 
probabilities dropping off linearly to zero in both the low 
and the high forecasts. This is a continuous distribution, 
meaning that any load outcome across the entire range 
would be possible. The probability of a load occurrence 
between the low and medium-low is 24 percent; between 
the medium-low and medium-high, 57 percent; and be
tween the medium-high and high, 19 percent. As de
scribed in Volume II, Chapter 6, the frozen-efficiency 
forecasts are used in the portfolio analysis to avoid the 
double counting of conservation energy savings. 

Another component of load uncertainty included in 
the portfolio analysis is that associated with the direct ser
vice industries. In the detailed demand forecast range, 
firm direct service industry loads range from about 500 
average megawatts in the low load scenario to about to 
2,300 average megawatts in the high scenario (see Volume 
II, Chapter 6). The portfolio analysis uses approximately 
this same upper and lower limit for direct service industry 
load, but assumes no correlation with other loads. ISAAC 
contains an aluminum submodel that treats aluminum 
prices as a random variable. Aluminum prices are assumed 
to be driven by world markets and are determined inde
pendently from regional economic conditions. Aluminum 
loads are developed in response to these aluminum prices 
in conjunction with electricity prices. ISAAC's aluminum 
submodel was calibrated to result in approximately the 
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same range of loads for the direct service industry as in 
the detailed demand forecasts. 

Resource Requirements 

Comparing the Council's demand forecasts with the 
energy capability of existing system resources over time 
yields an estimate of surplus and deficits the region would 
face if no new resources were developed. The loads used 
in this calculation are the frozen-efficiency forecasts de
scribed in Volume II, Chapter 6. The estimates for the 
capability of existing resources are based largely on the 
1991 Northwest Regfonal Forecast, published by PNUCC in 
March 1991 (see Volume II, Chapter 4). The existing re
source capability includes adjustments for firm imports 
and exports, expected retirement of existing thermal 
plants, and the scheduled return of Canadian Entitlement 
energy to British Columbia. The existing system capabili
ties are based on critical water conditions. There are no 
adjustments made for the potential reduced capability of 
the system hydropower facilities due to endangered spe
cies mitigation actions. Adjustments to the capability of 
the existing system will be incorporated into the plan if 
and when these events occur. 

Figure 10-3 depicts the regional load/resource balance 
under the four deterministic load scenarios. Because there 
is some uncertainty about current levels of demand, the 
load/resource balance shows a range at the beginning of 
the planning horizon in 1991. On average, it shows a small 
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surplus, but ranges from a surplus of about 1,000 average 
megawatts in the low scenario to a deficit of about 500 
average megawatts under high loads. Under low loads, the 
region is significantly surplus over the entire 20-year plan
ning horizon with no new resource additions. If high loads 
occur, the region will need to develop over 13,000 average 
megawatts to maintain load/resource balance. One thing 
to note from this graph is how quickly the region is likely 
to need resources to maintain system reliability. In both 
the high and medium-high scenarios, resources are need
ed almost immediately. In the medium-low, the point of 
need is about 1999. 

Figure 10-4 takes a closer look at the first 10 years of 
the planning horizon using a probabilistic perspective. This 
is a scatter diagram where each dash represents a surplus 
or deficit point that occurs over the 100 separate load 
paths typically used in the portfolio analysis. The probabil
ity distributions for the loads underlying each point con
form to those discussed earlier. Note that these are the 
surpluses or deficits that would occur if no new resources 
were added to the system. The solid line represents the 
average load/resource balance through time. This figure 
indicates that the expected point of need for new re
sources on a regional basis is about 1993. 

Figure 10-5 shows frequency distributions of the po
tential surpluses and deficits for 1995 and 2000. It provides 
information about the probabilities of seeing a surplus or 
deficit of a particular magnitude. The values on the verti
cal axis represent the midpoints of the range used for each 
bar. For instance, the estimate for the probability of a sur
plus in 1995 between 500 and 1,500 average megawatts is 
represented by the length of the 1,000 megawatt bar, or 18 
percent. The cumulative probability is the probability of 
seeing a load/resource balance of less than the upper 
bound of the interval. For example, in 2000 the probability 
of seeing a deficit of 3,500 average megawatts or less is 76 
percent. Another interpretation is that there is a 24 per
cent chance of needing more than 3,500 average mega
watts of new resource to maintain load/resource balance. 
The mean value for the amount of new resource needed is 
520 average megawatts in 1995 and 2,230 average mega
watts in 2000. 

The Northwest Power Act requires the Council to 
forecast the electrical demand and plan for the resources 
to serve Bonneville's customers. The actions needed to 
meet the administrator's obligations are an important part 
of the plan. To date, only relatively small loads have been 
placed on Bonneville by the region's investor-owned utili
ties, and there currently are no long-term power sales 
contracts for significant amounts of energy. For most of 
the portfolio studies, the Council has assumed the inves
tor-owned utilities place no additional load on Bonneville. 
Except for studies concerning regional cooperation, the 
assumption used throughout the analysis is that Bonne
ville and the investor-owned utilities will plan for and ac
quire resources independently. 
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Figure 10-6 shows the range of energy requirements 
for Bonneville's public utility and direct service industry 
customers. These include the loads and resources of the 
region's generating public utilities. In the short term, Bon
neville and the public utilities are in approximate load/re
source balance. Depending on load growth, Bonneville 
can maintain balance for a period of time by exercising the 
recall provisions of current out-of-region contracts. Bon
neville has about 300 average megawatts of energy that 
can be gained through contract recall and supplemental 
energy provisions. In the portfolio analysis, this is one of 
the first actions taken by Bonneville, if needed. In aggre
gate, Bonneville and the public utilities need no new re
sources in low loads and very few resources in the higher 
probability medium-low scenario. Under high loads they 
could need as much as 5,300 average megawatts. Figure 
10-7 shows the frequency distributions for Bonneville and 
public utility resource requirements in 1995 and 2000. 

Finally, Figures 10-8 and 10-9 portray an estimate of 
the load/resource balance picture for the combined sys
tems of the six investor-owned utilities in the Northwest. 
For planning purposes, the Council treats the private utili
ties as a pool. In fact, these are unique companies facing a 
diverse set of load growth and existing resource condi
tions, and it would be an error to infer much about the 
load/resource conditions of any individual company from 
this graph. However, the aggregate need for resources 
shown here is representative of expectations of the inves
tor-owned utilities as a whole, and is appropriate for re
gional planning. 

Comparison of Figures 10-6 and 10-8 shows that the 
Bonneville/public utility system and the investor-owned 
utilities are currently in about the same load/resource bal
ance conditions. However the investor-owned utilities are 
forecast to have a higher proportion of regional load 
growth in their service territories. Much of the early re
source development in the region is likely to be driven by 
investor-owned utility needs. Over the planning horizon, 
it is expected that over 60 percent of new resource addi
tions will go to serve investor-owned utility needs. 
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Resources Available 

The Council has undertaken a detailed analysis of the 
conservation program measures and generating resource 
alternatives available to meet the region's energy needs 
over the planning horizon. These analyses were described 
in detail in Volume II, Chapters 7 and 8. A summary of 
the results is shown in Tuble 10-1. This table shows the 
stand-alone levelized cost and the. amount of energy esti
mated to be available across the load forecast range for 
each resource. For conservation programs, the energy po
tential is frequently correlated with load growth, while for 
generating resources, the amount of energy available does 
not vary with the load forecast. Many of the conservation 
program potentials are driven by the level of economic 
activity in their sectors; for example, the rate of new build
ing starts affects the energy available from the model con
servation standards. As the economic activity driving the 
forecasts increases, more new buildings are constructed, 
providing more potential for conservation savings. The 
energy potential of the conservation programs has been 
adjusted for transmission and distribution line losses equal 
to 7.5 percent. 
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The real levelized costs for all conservation programs 
and generating resources are based on the portfolio as
sumptions for physical lives. To allow comparison of re
sources on a nominal basis, the nominal levelized costs 
have all been normalized to a 40-year physical life (see 
Volume II, Chapter 14). Costs for the conservation pro
grams include an administrative cost estimate of 20 per
cent of capital cost. They also reflect a 2.5 percent credit 
for the avoidance of transmission and distribution invest
ment and the 10 percent cost-effectiveness credit defined 
in the Act. 

Note also that, except for the non-discretionary con
servation programs, the energy values in Thble 10-1 are 
not the amount of resource actually acquired in the four 
deterministic load forecasts. The energy values shown 
here represent resource supply potentials. The actual en
ergy acquired for individual resources is determined by 
need for power under the various load scenarios, resource 
priority order, lead time, and constraints on resource de
velopment. The data from Thble 10-1 can be used to de
velop an aggregate supply curve for the portfolio 
resources. This supply curve is shown in Figure 10-10. 
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The conservation programs listed in Tuble 10-1 are 
classified as either "discretionary" or "non-discretionary." 
Non-discretionary programs are used in the portfolio anal
ysis to model implementation of building and appliance 
codes, or the forced acquisition of cost-effective lost-op
portunity resources. The development rates for the non
discretionary programs are not subject to program 
management in response to resource need. These pro
grams produce energy savings regardless of need. For ex
ample, once fully incorporated into building codes, the 
level of savings from the model conservation standards 
would be driven primarily by the number of building starts. 
The standards automatically would produce energy savings 
across the entire load range. They would produce more 
energy in the high scenarios than in the low ones, but 
would produce a small amount of energy savings in the 
low scenarios even though no additional savings are re
quired for the region in low-load conditions. This auto
matic correlation of savings produced to load level can add 
to the value of a resource and is captured in the portfolio 
analysis. Additionally, all non-discretionary programs have 
equal and top priority in the resource development order 
in the portfolio analysis. 

Discretionary programs are those programs whose 
development is managed in response to need. These pro
grams are targeted primarily at the existing sectors (e.g., 
existing industrial or existing commercial) where a savings 
potential already exists and can be developed as needed. 
Delaying implementation of these programs is not likely to 
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produce large lost-opportunity impacts. These are pro
grams that are likely to be subject to direct program man
agement and whose energy contributions can be managed 
in response to forecast need. 

The acquisition of discretionary conservation in the 
portfolio modeling is controlled through a set of accelera
tion and velocity parameters defined for each program. 
These allow the programs to be modeled much as the 
movement of a car would be, with the activity level of a 
program analogous to the velocity of the car. Each pro
gram has an upper limit to its activity level (maximum ve
locity) and constraints on how quickly the activity level can 
change (acceleration and deceleration). High accelerations 
and velocities mean a program is quite flexible and energy 
could be acquired quickly. Low values indicate slow acqui
sition rates and difficulty in changing program activity lev
els. A minimum viable activity level to maintain the 
program after start-up is also specified. Accelerations and 
velocities used for the discretionary programs are shown in 
Tuble 10-2. 
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Table 10-1 
Resource Cost and Availability (1990 Cents/kWh, Average Megawatts) 

Levelized Cost Energy Available 

Medium- Medium-
Real Nominal Low Low High High 

Non-Discretionary Conservation 

• Water Heat 1.79 3.52 302 362 406 472 

• New Commercial 1.86 3.66 207 280 460 566 

• Commercial Remodel and Rehabilitation 2.32 4.57 81 112 152 143 

• New Single-Family Residential 3.13 6.17 33 71 127 213 

• New Manufactured Housing 3.28 6.45 81 125 146 131 

• New Multifamily Residential 3.39 6.67 14 16 16 20 

• New Residential Lighting 4.02 7.92 15 29 39 56 

• Water Heater Heat Pump 4.06 8.00 32 61 93 136 

Discretionary Conservation 

• Conservation Voltage Regulation .70 1.38 100 100 100 100 

• Industrial (Block 1) 1.34 2.63 235 296 375 491 

• Irrigation 2.31 4.55 43 43 43 43 

• Transmission and Distribution Efficiency 2.59 5.11 200 200 200 200 
Improvements 

• Industrial (Block 2) 2.67 5.27 161 190 250 307 

• Existing Commercial 2.74 5.40 490 540 640 730 

• Multifamily Residential Weatherization 3.19 6.28 57 57 57 57 

• Single-family Residential Weatherization 3.23 6.36 124 124 124 124 

• Existing Residential Lighting 4.46 8.79 26 26 26 26 

• Aggregate High Cost Block 5.76 11.35 108 220 331 443 

Generating Resources 

• Hydro Efficiency Improvements 1.12 2.20 110 110 110 110 

• Small Hydro 1 2.53 4.98 90 90 90 90 

• Hydrofirming (Combined-Cycle 1) 3.34 6.58 1,070 1,070 1,070 1,070 

• Hydrofirming (Combined-Cycle 2) 3.34 6.58 1,430 1,430 1,430 1,430 

• WNP-3 3.69 7.28 868 868 868 868 

• Thermal Efficiency Improvements 3.74 7.37 56 56 56 56 

• Cogeneration 1 3.81 7.51 480 480 480 480 

• Cogeneration 2 3.87 7.61 57 57 57 57 

• WNP-I 4.09 8.05 818 818 818 818 

• Municipal Solid Waste 4.09 8.05 30 30 30 30 

• Small Hydro 2 4.17 8.22 100 100 100 100 
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Table 10-1 (cont.) 
Resource Cost and Availability (1990 Cents/kWh, Average Megawatts) 

Levelized Cost Energy Available 

Medium- Medium-
Real Nominal Low Low High High 

Generating Resources (cont.) 

• Cogeneration 3 5.25 10.34 1,130 1,130 1,130 1,130 

• Wind 1 5.33 10.50 29 29 29 29 

• Geothermal 5.42 10.67 350 350 350 350 

• Eastern Montana Coal Gas 5.45 10.73 1,704 1,704 1,704 1,704 

• Small Hydro 3 5.64 11.12 130 130 130 130 

• Eastern Washington Coal Gas 5.71 11.25 745 745 745 745 

• Cogeneration 4 5.74 11.31 540 540 540 540 

• Eastern Oregon Coal Gas 5.83 11.49 745 750 750 750 

• Western Washington/Oregon Coal 5.93 11.68 750 750 750 750 

• Nevada Coal Gasification 6.20 12.22 716 716 716 716 

• Wind 2 6.26 12.33 376 376 376 376 

• Small Hydro 4 6.93 13.65 90 90 90 90 

• Biomass 7.36 14.49 90 90 90 90 

• Wind3 7.99 15.73 253 253 253 253 

Total Supply Curve Figure 10-10 
How Much at What Cost? 
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Table 10-2 
Discretionary Conservation Development Constraints 

Minimum 
Viable 
(%/yr.) 

Residential Weatherization 4 

Residential Lighting 4 

Existing Commercial 2 

Industrial 0 

Agriculture 1 

Conservation Voltage Regulation 0 

Transmission and Distribution 0 

Resource Priority Studies 

The estimates of resource availability in Tuble 10-1 
can be thought of as individual investment opportunities 
to be used in developing a regional resource portfolio. A 
number of cost-effectiveness studies were performed us
ing ISAAC to determine the least expensive order for re
source development. The most cost-effective pattern of 
resource development is likely to differ from that sug
gested by the stand-alone levelized costs in Table 10-1 due 
to factors that affect a resource's interaction with the sys
tem but are not captured in the accounting for the leve
lized cost calculations. These include factors such as lead 
time, unit size, seasonality, dispatchability, fixed/variable 
cost ratios, firm versus nonfirm output and others. 

The studies to determine the least-cost order for re
source development were conducted by changing priority 
orders and comparing pairs of programs and generating 
resources until the order was found that led to lowest ex
pected value system cost. This priority-order analysis in
volved only the discretionary conservation programs and 
generating resources. The non-discretionary programs 
were excluded from the priority order tests; however, they 
were included in the model runs to ensure that their sys
tem effects and impact on the cost-effectiveness of other 
resources would be included. Each study was run across 
100 different future load paths. 

The initial priority order was based on levelized cost 
estimates for the programs and resources, and the process 
allowed the generating resources to compete with conser
vation programs for priority order. A limit of at least a $5 
million present value improvement in system cost was im
posed judgmentally as the minimum improvement to justi
fy a switch in priority-order between two competing 
programs and/or resources. This is on a total system cost 
approaching $50 billion and is considered to be about the 
precision limit of a model such as ISAAC. 
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Maximum Maximum Maximum 
Acceleration Deceleration Rate 
(%/yr./yr.) (%/yr./yr.) (%/yr.) 

5 5 12 

5 5 12 

2 2 6 

2 2 6 

2 2 4 

10 10 10 

5 5 5 

Except for the amount of energy available for several 
of the resources, the conservation program assumptions 
for this analysis were consistent with the data described in 
Volume II, Chapter 7, and generating resource assump
tions were consistent with Volume II, Chapter 8. For pro
grams and generating resources in which the energy 
available was less than 300 average megawatts, the energy 
availability for these studies was raised to 300 average me
gawatts to ensure that the system effects of the resource 
would be captured in the present values. This increase in 
energy availability pertains only to these priority order 
studies. After the priority order was determined, the ener
gy limits were again set back to those in Tuble 10-1 for 
further portfolio analysis. All sponsorship and financing 
assumptions were consistent with those described in Vol
ume II, Chapter 13. 

The results of this analysis are shown in Tuble 10-3. 
This is the priority order that was found to produce the 
lowest expected present value system cost across the en
tire load range, under the Council's base data assumptions 
and given the constraints mentioned above. This order was 
used as the starting point for further portfolio analysis, 
sensitivity analysis and development of Action Plan items. 
As stated earlier, the non-discretionary programs are all 
given equal and top priority in resource development. 

The resource portfolio priority order shown in Table 
10-3 represents a general order for development of re
sources during periods of acquisition. It does not mean 
that all of the potential of one type of conservation pro
gram or generating resource should be exhausted before 
moving to the next. Constraints on program and generat
ing resource development rates and lead times will require 
parallel development paths for many of the resources in 
the portfolio. 

Additionally, the methodology used in this analysis 
necessarily treats programs and resources as generic 
blocks. For instance, all of the potential cogeneration 
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units within a block have the same physical characteristics, 
capital costs, operating costs, lead times, seasonal distribu
tions, etc. In reality, there are likely to be significant dif
ferences between individual cogeneration installations 
competing for resource acquisition. In the actual acquisi
tion decision, all projects should be evaluated on their 
own merits, taking into account their own unique charac
teristics (see Volume II, Chapter 14). 

Option and Build Decision Rules 

In addition to the order of resource priorities, two 
other decision rules are required to define the resource 
portfolio. These are referred to as the option and build 
levels. 

The option level governs the amount of resource for 
which options would be acquired and held in inventory. 
The build level governs the amount of resource moved out 
of inventory and into actual construction. The option and 
build levels represent levels within the range of load un
certainty to use as guides for making resource decisions. 

A hypothetical example is shown in Figure 10-11. In 
this example, the region has moved out along a somewhat 
random load path and finds itself at load level l in time 
period t. The future load path is still unknown, and deci
sions must be made in the face of this uncertainty. To do 
this, a range forecast is first made from period t, and a 
probability distribution is applied to the forecast range. 
Note that the internal range forecast from this time peri
od looking forward is likely to be completely different 
from the original detailed load forecasts used in the mod
el. As a specific load path evolves, the forecasts change 
with it. This new forecast is referred to as the conditional 
load forecast because it is updated dynamically, depending 
on the observed load path. Within this conditional range 
forecast, further forecasts must be made to use as a guide 
in making option decisions and build decisions. The ap
proach used here is to develop a median forecast for the 
new range and add or subtract constant energy amounts to 
develop the option and build forecasts. In this example, 
1,500 average megawatts are added to the median forecast 
to generate the option forecast. The build level adjust
ment is zero, and the build forecast is identical to the me
dian forecast. Once these forecasts have been made, the 
resource priorities, resource availabilities, and option and 
construction lead times are used to make resource deci
sions. Conservation acquisition and generating resource 
build decisions are guided by the build level forecast. Op
tion decisions use the option level forecast as a target. 
The process is dynamic and repeats annually as the simu
lation moves through time. 
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The Council conducted a number of studies at various 
combinations of build and option levels to determine 
which combination would result in the lowest present val
ue cost on an expected value basis. The results are shown 
in Figure 10-12. The solid line shows the system cost im
pact of holding the option level constant at 1,500 average 
megawatts and changing the build level from -1,500 to 
+ 1,500 in increments of 500 average megawatts. The 
dashed line shows the cost impact of holding the build 
level constant at zero average megawatts and changing the 
option level in increments of 500 average megawatts. The 
graph illustrates that the strategy of making build deci
sions to a target of near load/resource balance, and at the 
same time carrying a sizable inventory of options produces 
the lowest system costs. This result makes intuitive sense 
because the option cost of the resources in the portfolio is 
much less than the cost of their actual construction. 

Options can be thought of as a relatively cheap form 
of insurance that reduces resource lead time and allows 
the region to guard against unanticipated periods of rapid 
load growth. It appears cost-effective to build a significant 
inventory of options in order to assure flexibility in the 
resource acquisition process. However, because of the 
much higher costs associated with build decisions, they 
should be guided by using more conservative load-level 
targets, near the expected value of load, to produce the 
most cost-effective portfolio on an expected-value basis 
across the wide range of possible load outcomes. 
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Table 10-3 
Resource Priority Order 

Non-Discretionary Resources 

• Water Heat 

• New Commercial Model Conservation Standards 

• Commercial Renovations and Remodel 

• New Single-Family Residential Model Conservation Standards 

• New Manufactured Housing 

• New Multifamily Residential Model Conservation Standards 

• New Residential Lighting 

• Hot Water Heat Pumps 

Discretionary Resources 

• Conservation Voltage Regulation 

• Hydro Efficiency Improvements 

• Industrial (Block 1) 

• Irrigation 

• Transmission and Distribution Efficiency Improvements 

• Small Hydro 1 

• Industrial (Block 2) 

• Existing Commercial 

• Multifamily Residential Weatherization 

• Single-Family Residential Weatherization 

• Hydrofirming (Combined-Cycle 1) 

• Small Hydro 2 

• WNP-3 

• Thermal Plant Efficiency Improvements 

• Cogeneration 1 (Biomass Fueled) 

• Cogeneration 2 

• WNP-1 

• Hydrofirming (Combined-Cycle 2) 

• Municipal Solid Waste 

• Existing Residential Lighting 

• Cogeneration 3 

• Wind 1 

• Geothermal 

• Small Hydro 3 

• Eastern Montana Coal Gasification 
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Table 10-3 (cont.) 
Resource Priority Order 

Discretionary Resources (cont.) 

Option and 
Build Level 

Figure 10-11 
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Option Decisions and 
Build Decisions are 
Made to Different 
Load Levels 
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Conservation Acquisition Studies 

One of the important elements of the Action Plan is 
the call for action on conservation programs, with specific 
targets for acquisition over the next 10 years. In the Coun
cil's early power plans, conservation was perceived to be a 
highly flexible resource that could be managed to easily 
adapt to load growth conditions. The experience of the 
last decade has shown, however, that conservation may 
not be quite so flexible. It takes time to ramp programs up 
and to develop an infrastructure capable of reliable deliv
ery of energy savings. Frequent changes in funding levels, 
program design or acquisition targets can be disruptive to 
established utility programs and to the labor force in
volved in installation. Running a program as fast as possi
ble until all savings have been exhausted, followed by a 
rapid program shutdown, is likely to cause economic dislo
cations. Reasonable stability in funding levels and person
nel have been identified as an important component in 
conservation program management and delivery mecha
nisms. 

The Council conducted a set of studies to find the 
level of static conservation actions for the 1990s that 
would produce the lowest system cost. The first step in the 
study was to determine the conservation acquisition sched
ules needed to meet load in each of the low, medium-low, 
medium, medium-high, and high load conditions. The de
velopment schedules for each of the discretionary pro
grams from 1991 to 2000 were then tested as a forced 
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component of the resource strategy. In these runs, full 
load uncertainty with 100 load paths was used. The discre
tionary program energy was a constant pattern over the 
first 10 years of each load path, regardless of need. If the 
forced schedule was one of the medium cases, and a load 
path turned out to be near the low, much more conserva
tion than needed would be acquired. In high load condi
tions, less energy than was needed would be achieved. 
After 2000, the program management logic in the model 
takes control of the program. Program scheduling then 
begins to respond to need under each load path. Only the 
discretionary programs were forced in these studies; the 
non-discretionary program energy varied with economic 
conditions as usual. 

Figures 10--13 and 10-14 display the results of these 
studies. Figure 10-13 displays the change in the mean 
present value system cost for each forced acquisition 
schedule tested. The base case here is one in which no 
discretionary program energy is allowed before 2000, and 
values shown are changes in system costs from this no-ac
tion alternative. The graph shows that benefits increase 
rapidly as program energy approaches the medium target. 
Benefits level off and decline slowly as the higher condi
tions are approached. Expected value benefits are maxi
mized near the medium schedule at slightly over $1 
billion. 
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Forced 
Conservation 
Studies 

Figure 10-13 
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Figure 10-14 is a plot of the differences in the five 
alternative forced conservation schedules against differ
ences in their standard deviations. Changes in mean costs 
are plotted on the horizontal axis, while changes in the 
standard deviation of cost are plotted on the vertical axis. 
The standard deviation is a measure of the dispersion of 
the values in the system cost distribution, and is frequently 
used to describe the risk associated with an action. The 
medium action schedule is used here as the base case, and 
occurs at the zero value on each access. It represents the 
point of least cost, but it is not the point of least risk. Both 
the medium-high and high schedule have cost distribu
tions with lower standard deviations than the medium. 
The medium-high schedule has a cost increase of about 
$10 million, with a reduction in standard deviation of 
about $150 million. The mean of the cost distribution is 
slightly higher, but the distribution of costs has significant
ly less dispersion. This occurs because the higher conser
vation levels under the medium-high schedule limit the 
exposure to high cost resources in high load conditions 
more than the medium schedule does. In the judgment of 
the Council, the slight cost penalty of going to the me
dium-high acquisition schedule is more than offset by the 
reduction in risk. 

Figure 10-15 shows the breakdown of the medium
high discretionary conservation energy by program for 
both Bonneville and the investor-owned utilities. These 
are the levels that are in the Action Plan; they are used in 
resource schedules discussed below. Figure 10-16 shows 
the capital expenditures associated with the Action Plan 
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Medium-Low Medium Medium-High High 

Conservation Action Level 

conservation energy. These represent total costs to utili
ties and customers. The total expenditure between 1981 
and 2000 is approximately $7 billion. 

Alternative Resource Portfolios 

No one would argue that the resource availabilities 
shown in Thble 10-1, and used for the resource priority 
order, option/build level, and forced conservation studies 
just described, are known with a high degree of certainty. 
There is a large band of uncertainty about both future 
electric demand and also the resources that will be avail
able to meet that demand. Load uncertainty is treated 
automatically in the computer modeling the Council per
forms for any portfolio analysis. Resource uncertainty in 
this plan is addressed through examining alternative sce
narios for the long-term supply and cost of resources. 

The public comment on the draft plan made it clear 
that Northwest citizens and organizations are concerned 
about three key issues when it comes to future electric 
resources. These include: a) the role of coal and nuclear 
plants in the region's energy future, b) the· actual level of 
conservation savings that can be achieved, and c) the price 
and availability of future natural gas supplies. To address 
these issues, the Council has included not only a resource 
portfolio that assumes the diverse set of resources de
scribed by Table 10-1 is available, but also three other 
portfolios to address the major sources of resource uncer
tainty. 
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Action Plan Targets 
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By developing and testing a set of alternative resource 
portfolios, the Council was able to identify the most signif
icant load and resource-related risks the region might 
face, and to compile the best set of actions to ensure an 
adequate and reliable power supply. Immediate actions 
that are common to several portfolios have the highest 
priority in the Action Plan. 

The four portfolios described below all assume that 
the ability to forecast electrical loads is limited and treat 
the full spectrum of load uncertainty. The first portfolio 
assumes the diverse supply of resources summarized in 
Table 10-1 is available. The last three portfolios modify 
these assumptions to address specific resource concerns. 

A resource portfolio is defined through the availability 
of resources, the priority order for resource development, 
the option and build decision rules, and a set of forced 
decisions independent of load path. For all four of the 
portfolios described below, the option target inventory was 
1,500 megawatts, and the build level was a target of load/ 
resource balance. The energy acquired for the discretion
ary conservation programs was forced across all load paths 
through the year 2000 at levels equal to that acquired un
der a medium-high load path. After 2000, the programs 
were managed as needed to maintain the build level tar
get. The resource availabilities and priority orders were 
changed as appropriate for the alternative scenarios. Each 
portfolio uses the "split region" assumption. That is, Bon
neville and the investor-owned utilities purchase new re
sources independently, and resource development is not 

760 

- --
I 

I ,, 
,, 
I I 

I I 

f I 

I ' I ' 
' I ' ,, 

' 
' , ' 

1983 1988 1993 1998 2003 
Year 

coordinated at a regional level. Each study was run across 
100 future load paths. 

The data used to develop many of the resource port
folio graphics are in Appendix 10-B. Appendix 10-B has 
detailed information on the schedules for each conserva
tion program and generating resource over the planning 
horizon for each of the alternative portfolios described 
here. The data for the averages of the 100 load path stu
dies were used to develop the pie charts. The data from 
the single load path studies are the basis for the resource 
strata charts. 

Portfolio 1: Diverse Resource Supply 
(This portfolio is referred to as "Load Uncertainty" in 
Volume I.) 

The question addressed by this portfolio is how the 
Northwest could most economically respond to uncertain
ty about future electricity use. To answer that question, 
the Council looked at a diverse array of resources, assum
ing that the predicted costs and availability listed in Table 
10-1 are accurate. This portfolio uses the resource priority 
order described in Table 10-3. This strategy is the least 
expensive of the four portfolios examined in the final plan. 

The resources acquired by the region under this port
folio are illustrated in Figure 10-17. These pie charts are 
aggregated into the region as a whole by including the 
combined actions of Bonneville and the investor-owned 
utilities. The resource categories shown generally follow 
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the priority in the Act, with cogeneration and hydrofirm
ing treated as high efficiency resources and large thermal 
broken down into coal and nuclear. The renewable catego
ry includes biomass fueled cogeneration. The pie charts 
display the average energy contributions to the system by 
the various categories of resources in 2000 and 2010. The 
values shown here are the averages of resource energy in 
the portfolio over 100 different load scenarios. In some 
cases, the energy contribution of a particular resource is 
needed in only a few of these load scenarios. In these 
portfolios, the expected or average energy contribution 
can be thought of as the energy output or savings of the 
resource multiplied by the frequency of its occurrence in 
all the load paths modeled. For example, if a 100-mega
watt resource is needed in 40 percent of the load scenar
ios, it contributes 40 megawatts to the expected energy. 
Data for the pie charts in this section are included in de
tail in Appendix 10-B. 

In this diverse supply portfolio, conservation is the 
dominant resource in 2000. Conservation contributes al
most 1,400 megawatts or a little more than half of the new 
resource additions. Strategies to back up the hydropower 
system-known as "hydrofirming resources" -are the sec
ond largest resource group. They are expected to make up 
23 percent of the resource mix. Renewable resources, such 
as new hydropower, geothermal, biomass-fired cogenera
tion and wind are expected to make up 16 percent of the 
total. Finally, gas-fired cogeneration completes the 
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expected resource additions by the year 2000 with 9 per -
cent of the overall resource mix. 

By 2010, this resource portfolio has the same basic 
mix, but much more of each resource is likely to be need
ed. Conservation is still expected to dominate resource 
additions by providing 2,900 megawatts. Renewables and 
hydrofirming resources are expected to supply 30 percent 
of the total. Cogeneration is expected to add about the 
same amount as renewables or about 14 percent. Relative
ly small contributions are expected from coal gasification 
plants and nuclear power plants, which together make up 
less than 10 percent of the expected mix in 2010. 

Figures 10-18 and 10-19 show more detailed informa
tion about this portfolio. These resource strata charts 
show the separate resource development paths followed 
by Bonneville and the investor-owned utilities in each of 
the four deterministic load forecasts. The resource catego
ries are less aggregated than in the regional pie charts, 
using homogenous resource types like small hydro and 
geothermal instead of the priorities in the Act. These 
charts illustrate resources developed under single load 
paths, as opposed to the averages over 100 load paths 
shown in the pie charts. 

These schedules are illustrative only. It is unlikely 
that any of these acquisition schedules will actually occur, 
because the likelihood any individual load path will occur 
is extremely small. As discussed earlier, in the estimation 
of the Council, load occurrences between the medium-low 
and medium-high are the most likely. The probability is 
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extremely low that future load conditions approximating 
either the high or low load conditions will materialize. 
These charts also make the assumption that planning can 
be done with perfect knowledge of future load conditions 
and that resources can be matched quite closely with load 
regardless of their lead time. These figures are included to 
illustrate the wide range of potential resource develop
ment faced by the region's utilities. 

The range of system costs associated with this portfo
lio is shown in Figure 10-20. This figure is a frequency 
distribution for the present value of system costs over 100 
load paths. System costs estimated here by the Council 
include operating and maintenance costs of all existing 
resources, plus the costs of all resources added to the ex
isting power system over the next 20 years. Resources 
needed to replace existing resources at the end of their 
useful lives also are included to properly account for the 
effects of building resources with differing physical lives. 
All costs are accumulated for the next 60 years and con
verted to present values. 

This portfolio shows a wide range of potential cost 
outcomes. If low load growth occurs and the region sees 
generally favorable water conditions, system costs may be 
as low as $10 billion. On the other hand, high load condi
tions in conjunction with poor hydro conditions could lead 
to cost outcomes exceeding $90 billion. This distribution 
has a mean cost of approximately $47 billion. It is the least 
expensive of the four portfolios described here. 
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From analysis of this portfolio, the Council made sev
eral observations. First, in both the high and medium-high 
scenarios, there will be large energy deficits until after 
2000. Even assuming the region acts as fast as possible, it 
is difficult to add significant amounts of new resources by 
the mid-1990s. In fact, if load continues to grow at a rate 
faster than 1 percent per year, new resources will not be 
able to keep up with load growth during the 1990s. 

A second observation is the importance of beginning 
to acquire all cost-effective efficiency improvements as 
soon as possible. Conservation programs take time to de
sign, staff and operate. If significant savings are going to 
be secured by 2000, the region needs to begin programs in 
every sector of the economy. 

Lower cost renewables and cogeneration resources 
are probably going to be needed by 2000, too, and the re
gion should begin acquiring these. Hydrofirming re
sources, higher cost renewables and cogeneration 
resources should be sited, licensed and designed, so the 
region can move quickly to acquire these resources if 
loads accelerate. 

Finally, efforts to determine the cost and availability 
of geothermal, wind, solar and the two partially completed 
nuclear power plants could clarify the region's resource 
alternatives in the next power plan. 
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Figure 10-18 
Bonneville/Public Utility 
Deterministic Resource Schedules 
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Figure 10-19 
Private Utility Deterministic 
Resource Schedules 
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Range of 
Costs 

Figure 10-20 
There is a Large 
Range of Uncertainty 
in System Costs 
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Portfolio 2: Nuclear and Coal Plants 
are Unavailable or Unacceptable 

10 

There has been much discussion of the unique uncer
tainties regarding both nuclear and coal-fired generating 
resources. This portfolio asks the question, can the North
west's electrical energy requirements be met without turn
ing to coal or nuclear plants? 

To evaluate how the region could most cost-effective
ly respond in an energy future without nuclear or coal
fired power plants, the Council developed a resource 
portfolio that excluded them. This portfolio's average re
source mix is shown in Figure 10-21. It relies on conserva
tion, renewables, cogeneration and strategies to back up 
the region's existing hydropower system. 

This second portfolio closely resembles the first, for 
the first portion of the planning period-up to the year 
2000. In this portfolio, efficiency improvements continue 
to dominate the expected resource additions by the year 
2000. The rest of the resource mix in 2000 is made up of 
renewables, hydrofirming strategies and cogeneration. 

By 2010, conservation still is about half of the total 
mix. Renewables, hydrofirming strategies and cogenera
tion provide approximately equal shares of the resources 
that replace nuclear and coal gasification plants. 

Figures 10-22 and 10-23 show the resource develop
ment schedules for the four deterministic forecasts for 
both Bonneville and the investor-owned utilities. The 
most striking feature of these charts is the inability of both 
groups to maintain load/resource balance under high load 
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conditions in the 2000 to 2010 time frame. Both groups 
have sufficient resources through the medium-high load 
scenario. The lack of coal and nuclear is made up for by 
increased development of high cost renewables and cogen
eration. However, under high load conditions, there are 
not enough resources available to meet load. The regional 
deficit grows to almost 3,200 average megawatts by 2010. 

The cost impacts of this portfolio are displayed in Fig
ure 10-24. These graphs portray the differences in cost 
between this portfolio and the diverse supply portfolio. 
The top portion of Figure 10-24 is a scatter diagram of 
cost changes versus regional load level. It shows that, un
less regional loads at the end of the planning horizon ex
ceed 26,000 average megawatts, the cost impacts of not 
having coal or nuclear available are likely to be small or 
negative.4 However, once loads begin to exceed medium
high conditions, the cost impacts rise rapidly. In the higher 
load conditions, the cost penalties run from about $7 bil
lion to $9 billion. The lower half of this figure is a fre
quency distribution for the same cost impacts. This 
distribution has a mean of $670 million. 

4. The series of cost differences of approximately -$100 mil
hon are due to the exclusion of the preservation costs of 
WNP-1 and WNP-3, which were included in the diverse supply 
p_ortfoho but_ are left out of this one because the plants are con
sidered termmated. This second portfolio also excludes costs for 
the termination of WNP-1 and WNP-3 and therefore probably 
underestimates the cost of this portfolio. Termination costs are 
ex~luded from this analysis due to their high range of uncer
ta1~ty. A~y _rreservation and termination costs incurred by the 
region will mcrease the cost of this scenario across the board. 

765 



CHAPTER 10 

766 

Portfolio 2: 
Nuclear and 
Coal 
Uncertainty 

Figure 10-21 
Expected Resource 
Mix if Large Thermal 
Resources are Either 
Unavailable or 
Unacceptable 
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Figure 10-22 
Bonneville/Public Utility 
Deterministic Resource Schedules 
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Figure 10-23 
Private Utility Deterministic 
Resource Schedules 
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Cost Impacts of Removing 
Coal and Nuclear 

Figure 10-24 
Cost Impacts Occur in the 
Upper Portion of the 
Load Range 
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It is clear that to prepare for an energy future without 
either nuclear or coal plants, the region must begin to rap
idly secure all cost-effective energy savings and expand 
the amount of this resource through additional conserva
tion research and development. Research and develop
ment work is also needed on renewable technologies, such 
as geothermal, wind and solar. These technologies could 
provide large amounts of additional energy if they are 
found to be environmentally and economically feasible. 

Finally, if coal and nuclear power plants are not avail
able, the region is likely to need to tum to large amounts 
of gas-fired electrical generation. Gas-fired generation in 
this portfolio is almost equally split between cogeneration 
and gas-fired combustion turbines used to back up the 
hydropower system. 

Portfolio 3: Less Conservation Achievable 

This plan is based on the premise that energy conser
vation is the region's most affordable and reliable new 
source of electricity. There was clear indication through
out the draft plan public review process that that belief is 
widely held in the Northwest. But what happens to the 
Northwest's energy future if the region falls short of the 
aggressive conservation goals in this plan? Conservation 
may be the region's highest priority resource, but it is still 
an uncertain one. 

Some suggest that the Council's target of achieving 85 
percent of the technical conservation potential is overly 
optimistic. Bonneville and some utilities have argued that 
60 percent is a much more reasonable expectation, espe
cially in the existing commercial sector. 

This third portfolio examines the risk posed if the re
gion is unable to achieve the conservation in this plan. In 
this portfolio, it is assumed that only 60 percent of the 
total technical conservation potential in all sectors is 
achievable by the year 2010. If only 60 percent of the total 
conservation potential is achievable instead of 85 percent, 
the current target for the region of 1,500 megawatts by the 
year 2000 is reduced to 1,100 megawatts. The reduction 
from 85-percent penetration to 60-percent penetration 
cuts the expected energy savings that the region can 
achieve by 2010 under high load cases from 3,400 mega
watts to 2,400 megawatts. 

770 

RESOURCE PORTFOLIO 

With less conservation, the region must add more 
generating resources. Figure 10-25 shows the expected 
resource mix changes in this third portfolio. Renewable 
resources and hydrofirming strategies are the predominant 
replacements, representing almost 50 percent of the total 
mix by 2000. 

By 2010, conservation's share is reduced from about 
50 percent to 35 percent of the total resource mix. Renew
able resources and hydrofirrning strategies increase slight
ly. Increases in the expected contribution of cogeneration, 
coal gasification and nuclear make up for most of the re
duction in conservation. 

The resource development schedules for the public 
and private utilities under this portfolio are shown in Fig
ures 10-26 and 10-27. The loss of conservation savings 
happens gradually over the next 20 years, and compared to 
the diverse supply portfolio, resources move forward 
across the entire load range to replace the loss of conser
vation savings. 

The costs of failing to achieve the plan's conservation 
targets will not be small. The cost impacts associated with 
this portfolio are shown in Figure 10-28. This portfolio 
increases the expected costs over the diverse supply port
folio by $2.3 billion-the largest average increase of the 
three alternatives. Cost increases are seen across the full 
spectrum of load futures and range from about $900 mil
lion in the lower load conditions to almost $4 billion in 
higher load cases. 

This portfolio illustrates the need to have a diverse 
resource mix. Depending on the level of future load 
growth, cogeneration, coal gasification, nuclear, and re
newable resources could all play a role in responding to 
reduced conservation savings. Geothermal and wind re
sources could provide large amounts of cost-effective en
ergy in the future, but the region lacks specific 
understanding of their costs and availability. Confirming 
these resources now could provide insurance against un
certainty about conservation's viability. 
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Portfolio 3: 
Conservation 
Uncertainty 

Figure 10-25 
Expected Resource 
Mix if Conservation 
Programs are Less 
Effective 
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Figure 10-26 
Bonneville/Public Utility 
Deterministic Resource Schedules 
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Figure 10-27 
Private Utility Deterministic 
Resource Schedules 
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Cost Impacts of Less 
Conservation Achievable 

Figure 10-28 
Cost Impacts are Significant 
Across the Entire Load Range 
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Portfolio 4: Natural Gas Uncertainty 

The first three portfolios bank heavily on natural gas
fired technologies. The Council estimated that more than 
1,700 megawatts, primarily gas-fired cogeneration, could 
be developed in the region for less than 15 cents per 
kilowatt-hour. In addition, the Council estimated that 
about 2,500 megawatts of hydrofirming strategies could be 
developed cost-effectively, utilizing gas-fired combustion 
turbines. 

During the 1980s, there were abundant supplies of 
natural gas at low prices, but only a decade earlier price 
and availability of natural gas were problems. The shift to 
natural gas that is occurring in the electric power industry, 
as well as in other industrial sectors and among residential 
consumers, could once again cause significant price in
creases for this fuel. For this reason, a heavy dependence 
on gas-fired electric power generation may bring particu
lar risks to the region. 

This portfolio evaluates this particular source of un
certainty and explores the resources the region could tum 
to if the cost of natural gas rises to the Council's highest 
forecast price. The hydrofirming strategies and the gas
fired cogeneration blocks become more expensive under 
these assumptions and are pushed further down the re
source priority list. The hydrofirming strategies become 
more expensive than WNP-1 and WNP-3, and the gas
fired cogeneration blocks become more expensive than 
gasified coal. 

Figure 10-29 illustrates the average resource mix for 
this strategy to reduce the the risk of rapid gas price in
creases. This portfolio turns to renewable resources in
stead of cogeneration and gas-fired hydrofirming 
strategies. Conservation continues to play a significant and 
crucial role in the region's portfolio, providing more than 
50 percent of expected resource additions by 2000. Coal 
gasification and nuclear power have slightly higher contri
butions to help reduce the region's reliance on gas-fired 
technologies. 
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By 2010, much of the cogeneration and hydrofirming 
strategies are replaced by renewables, coal gasification and 
nuclear. Conservation maintains its role as the biggest 
contributor to the region's expected resource additions. 

However, in the higher load conditions, there are in
sufficient conservation and renewable resources to replace 
the cogeneration and hydrofirming strategies that are no 
longer cost-effective with higher gas prices. (See Figures 
10-30 and 10-31.) Under medium-high load conditions, 
the investor-owned utilities' plans to build combined-cycle 
coal gasification plants must be accelerated so that the 
first plants are operating in 1997. Bonneville and the pub
lic utilities could need one of Washington's nuclear proj
ects by 1999, if loads are growing at the medium-high rate 
of 1.7 percent. 

This portfolio increases expected costs by $950 mil
lion, when compared to the first portfolio, but the cost 
impacts in higher load growth scenarios could be more 
than $3.2 billion. (See Figure 10-32.) Cost impacts are par
ticularly difficult to estimate in this portfolio because in
creased gas prices also affect the market for Northwest 
power in California and will probably result in changes in 
California's resource mix. The cost and effect of this im
pact has not been included here. 

Given the cost exposure inherent in an overdepend
ence on natural gas as a fuel, this portfolio shows the need 
to secure the capability to switch to coal gasification from 
hydrofirming strategies that are gas-fired. Furthermore, 
the viability of WNP-I and WNP-3 needs to be deter
mined, so decisions to construct or terminate them can be 
made in future power plans. 
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Portfolio 4: 
Natural Gas 
Uncertainty 

Figure 10-29 
Expected Resource 
Mix if Natural Gas 
Prices Increase 
Rapidly 
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Figure 10-30 
Bonneville/Public Utility 
Deterministic Resource Schedules 
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Figure 10-31 
Private Utility Deterministic 
Resource Schedules 
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Cost Impacts of High 
Natural Gas Prices 
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Figure 10-32 
Cost Impacts are Low in Low 
Load Conditions and High in 
High Load Conditions 
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Probabilistic Nature of a Portfolio 

The resource strata charts from the previous section 
illustrate the resources needed to meet load should a par
ticular demand and resource supply scenario occur. In 
fact, due to the inability to predict the future with preci
sion, the likelihood is very small that any of these specific 
load paths, and the associated resource actions will mate
rialize. The actual portfolio analysis is conducted across a 
large number of load paths, and the resource schedules 
and decision-making activity vary dynamically across the 
entire range of loads. Because portfolio studies are con
ducted across many load paths, it is possible to answer 
questions about the need for resource development in 
probabilistic terms. For example, a resource developer 
might be interested in the likelihood of needing significant 
amounts of geothermal energy by the year 1995. Results 
from the portfolio studies can be used to answer questions 
of this type. 

The three-dimensional surfaces in Figures 10-33 
through 10-40 illustrate the probability of need for re
sources in the diverse supply portfolio. The surfaces are 
regional composites, showing the combined resource de
velopment from the independent actions of the public and 
investor-owned utilities. These graphs show the probabili
ty of having a specific amount of energy online by a partic
ular point in time. The probability axis represents 
cumulative probability and is interpreted as the probability 
that less than or equal to a specific amount of energy will 
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RESOURCE PORTFOLIO 

be developed. For example, Figure 10-33 illustrates the 
range of need for energy from cogeneration. This shows a 
very wide range of resource need for cogeneration, with 
some amount of energy developed under virtually all load 
conditions. By the year 2000, the probability is only about 
10 percent that no cogeneration energy will be needed. 
The probability of approximately 650 megawatts or less is 
about 50 percent. There is a very small chance that up to 
1,500 megawatts of cogeneration may be needed by the 
year 2000, and almost 2,200 megawatts could be needed by 
2010. 

The high probability of need for significant amounts 
of energy from cogeneration is shared by several other of 
the generating resource types. Hydrofirrning resources, 
small hydro and efficiency improvements all show energy 
contributions across almost the entire load range. (Note 
that the vertical scale for these graphs is not constant.) It 
is this type of robust development pattern that the Coun
cil looked for when including actions for resource develop
ment in the Action Plan. This is in contrast to resources 
such as nuclear, gasified coal and wind, which show a 
much lower probability of need. For example, in Figure 
10-39, it can be seen that the probability that no energy is 
developed from nuclear power in the diverse supply port
folio is about 75 percent. The blocky nature of this and 
several of the other surfaces is due to the large unit size 
of the resources involved. 
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Figure 10-35 
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Figure 10-38 
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Figure 10-40 
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One of the exercises important for development of 
the Action Plan is the comparison of resource activity 
across the different supply and cost scenarios. Implemen
tation of actions that are common to the alternative port
folios improves the odds the region will be prepared to 
deal with any of the futures represented in the alternative 
scenarios, and maintain the flexibility needed to alter 
course as events unfold. 

However, it can be cumbersome to make comparisons 
of resource activity across the different resource portfolios 
using these three-dimensional surfaces. Figures 10-41 
through 10-48 facilitate the comparison of the resource 
activity embodied in the different resource portfolios. 
These graphs represent a snapshot of each portfolio in the 
year 2000 and are a summary of the information contained 
in the three-dimensional surfaces for that year. They show 
the range of resource energy online in the year 2000 for 
each of the alternative portfolios. 

Cogeneration is represented in Figure 10-41. The bot
tom and top of the thin lines or needles represent the 
minimum and the maximum amount, or range, of cogener
ation developed by the year 2000 for each of the four port
folios. The horizontal mark indicates the average for 
energy acquired by 2000. It ranges from a high of about 
650 megawatts in the less conservation scenario down to 
about 350 megawatts in the high gas price scenario. The 
height of the vertical box on each line represents plus or 
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.20 .00 1991 

Year 

minus one standard deviation for the magnitude of energy 
needed. It gives an indication of the amount of dispersion 
contained in the distribution. For the symmetrical distribu
tions, one would generally expect about 70 percent of the 
observations to fall in the range defined by the vertical 
box. Note however, that the distributions for some of the 
resources are not symmetrical. 

In developing the Action Plan targets for generating 
resource acquisitions, the Council used an array of infor
mation from across all the portfolios analyzed. The Coun
cil looked for a set of actions common to the different 
portfolios and then made additional modifications where it 
was judged appropriate. For example, small hydro shows 
an average development by the year 2000 ranging from 100 
megawatts in the diverse supply scenario to about 120 me
gawatts in both the high gas price, and nuclear and coal 
unavailable scenarios. Additionally, the dispersion is quite 
small, with a standard deviation of about 30 megawatts. 
The Council chose 150 megawatts as the acquisition target 
because of small hydro's slight risk mitigation characteris
tics and, as these projects are assumed to be outside of 
protected areas, its relatively benign environmental 
effects. 
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Option Decision Activity 

In the Action Plan, the Council calls for development 
of an inventory of generating resource options above and 
beyond the energy in the resource acquisition targets. The 
objective of this action is to develop a diverse inventory of 
resource options that will reduce resource lead times and 
enhance planning flexibility. This can be accomplished by 
beginning the siting, licensing and design activities of an 
additional set of the most cost-effective resources over 
the next few years. 

The Council used a similar approach for developing 
option targets in the Action Plan to that used for the ac
quisition targets. Comparisons were made of the option 
decision activity across the alternative portfolios and modi
fied with judgment where appropriate. 

Figures 10-49 through 10-56 illustrate the range of 
option decisions made in the four alternative portfolios. 
These graphs can be interpreted in the same way as the 
previous set, except that the variable represented here is 
the cumulative energy on which decisions to initiate op
tions have been made by the year 2000. The horizontal 
mark is the average across 100 load paths; the box repre
sents plus or minus one standard deviation, and the top 
and bottom of the vertical lines are the maximum and 
minimum. These graphs again represent regional aggre
gates. A wide range of decision activity is seen for almost 
all the resources across the four resource cost and supply 
scenarios investigated here. 
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To develop the Action Plan targets for options, the 
Council typically used the average level of option deci
sions made by 2000, minus the action plan acquisition tar
get. Because all generating resources are optioned in the 
portfolio analysis before they can be acquired, the cumula
tive option decisions by 2000 includes all generating re
sources acquired by that year. Option energy above and 
beyond the acquisition level becomes the option targets. 
For example, the Action Plan target of 750 megawatts of 
cogeneration options is based on the approximately 1,400 
megawatts of options in the reduced conservation scenar
io, less the cogeneration acquisition target of 650 mega
watts. 
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Conclusions from Resource Portfolios 

These planning exercises all reinforced the same 
themes. First, in almost all scenarios, the resource that 
helps buy the region time to adapt to uncertainties is con
servation. 

For this reason, conservation plays a central role in 
the Council's Action Plan. Conservation programs need to 
be implemented quickly and brought up to a stable level 
of activity, so that the region can develop an infrastructure 
for delivering energy savings. Labor, technology, materials 
and expertise must be acquired to secure the region's con
servation resources. A major conservation acquisition pro
gram will require a steady, long-term commitment of both 
staff and budgets. 

Many of the resource portfolios illustrated the need 
for an inventory of resources that can be brought into op
eration without long delays. Among the best resources for 
responding to quick economic or other turnarounds are 
gas-fired technologies. 

Obviously, the acquisition of significant amounts of 
gas-fired technologies poses an increasing risk, due tofu
ture uncertainty surrounding gas availability and prices. 
Nevertheless, the Council recommends that the region 
acquire the lowest cost cogeneration and begin the process 
of identifying sites and obtaining the necessary licenses 
and approvals for higher cost gas-fired resources. These 
could either operate in a cogeneration mode or as stand-
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Resource Scenario 

alone plants to back up the region's existing hydropower 
system. 

In a number of the portfolios, significant amounts of 
new or existing resources may become unavailable. In 
these events, the primary resources that the Council and 
the region can turn to are newer, emerging technologies 
with which we have less experience. For this reason, the 
Council has selected resource confirmation activities to 
improve our understanding of and our ability to predict 
the cost and availability of geothermal, wind, solar and 
other resources. 

Also, new conservation technologies are being intro
duced each year. It is important to promote this develop
ment, so the region can rapidly assimilate new 
conservation measures as they become commercially avail
able and cost-effective. 

The Council's findings in this planning process led 
directly to the actions described in the Action Plan. These 
actions are designed to secure the resources that are 
needed by the region at the lowest possible cost. Addition
al actions are identified to help shorten lead times and 
better manage the risks and uncertainties that the region 
faces. 

The Value of Regional Cooperation 

The four preceding portfolios were developed assum
ing that Bonneville and the investor-owned utilities pur-
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chase new resources independently. Each undertakes only 
those actions that meet the needs of its own customers. 
The Council has used this assumption throughout the plan 
because the investor-owned utilities have shown little in
terest in using the requirement contract provisions of the 
Act for coordination of future resource development. It is 
the responsibility of the Council to produce a plan that is 
realistic and useful and to prepare for a future actions 
based on realistic assumptions about utility actions. 

However, there are in fact very large benefits to be 
gained through regional cooperation. Because of the dis
proportionate energy needs of the public and investor
owned utilities, the "split region" assumption frequently 
results in the investor-owned utilities developing more 
expensive resources than Bonneville and the public utili
ties would have to develop to meet load growth. Regional 
cooperation would allow the region to purchase all of the 
lowest cost resources first, regardless of ownership. 

The Council performed a study to investigate the val
ue of regional cooperation. This study assumes that all 
resource development can be coordinated through Bonne
ville and that public utility conservation potential and 
Bonneville's hydrofirming potential could be developed 
earlier than would be justified by public utility load 
growth. The results are shown in Figure 10-57. The mean 
value of this benefits distribution is $3.6 billion. Benefits 
are seen across the entire spectrum of load conditions and 
range from $1.6 billion to $7.2 billion. The maximum val
ues occur in the higher probability medium-low to me
dium-high load conditions. It is in this portion of the load 
range that public utilities could accelerate the develop
ment of lower cost resources to defer the higher cost ther
mal resources otherwise developed by the investor-owned 
utilities. 

About $2.5 billion of the $3.6 billion expected benefit 
is due to the improved coordination of resource develop
ment. It's derived largely through accelerated develop
ment of conservation, hydrofirming, and nuclear 
resources, and the deferral of higher cost resources like 
coal gasification. The remainder of the benefits, about 
$1.1 billion, comes from increased revenue to the region 
for sale of nonfirm hydro to out-of-region markets. This 
portion of the benefit is an artifact of the current Bonne
ville rate structure. Under current rate policy, the price 
Bonneville can charge for much of its nonfirm sales is lim
ited to Bonneville's average system cost. In the coordi
nated region studies, the investor-owned utilities place 
much of their load growth on Bonneville through require
ments contracts. This leads to higher average system costs 
for Bonneville and in tum to higher secondary revenues. 
This benefit is essentially a transfer payment between the 
Northwest and the Pacific Southwest. The degree to which 
it would actually occur depends heavily on future rate 
policy. 

Because the benefits of regional cooperation are so 
large, the Council recommends that, wherever possible, 
utilities design ways to share resources and resource de-
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velopment. For example, slow-growing utilities and those 
with surplus power would be able to cost-effectively oper
ate conservation programs if they could sell their energy 
savings to a utility that needs resources. Other low-cost 
resources also might be developed if there were access to 
transmission lines so the power could be moved to utilities 
that need it. 

Resources Outside the Portfolio 

The purpose of this section is to describe what it 
means for a resource to be included in the resource port
folio of the Council's 20-year power plan and, also, what it 
means for resources that are not in the portfolio. Since 
the Council's first power plan in 1983, there has been con
fusion about what the 20-year resource portfolio repre
sents. The resource portfolio gets a lot of attention in the 
Council's planning, because it is the product of months of 
issue papers and public comments on the building blocks 
of the plan. The issue papers lay out economic and demo
graphic assumptions, financial assumptions for prospective 
resource developers, costs, availability and environmental 
values for all identified new resources, assumptions regard
ing existing resources, and so forth. 

Because the resource portfolio is an important step in 
the Council's work and evolves over the entire planning 
process, it is natural to focus on the results. Resource de
velopers look to the portfolio to find out what the plan 
recommends for their particular resource. However, as 
important as the resource portfolio is to the Council's 
plan, it is impossible for the plan to identify and anticipate 
all future resource alternatives. The resource portfolio in 
this light is a benchmark set of resources against which the 
Council can evaluate all future resources. No irreversible 
commitments are implied by the selection of a given re
source portfolio. The Action Plan is the only place where 
the Council documents its preferred activities, many of 
which may involve irreversible commitments. 

What Does the Resource Portfolio 
Represent? 

The previous section discussed the information and 
models that go into the development of the 20-year re
source portfolio. Resources with relatively well known 
characteristics are selected in the best chronological order 
to deliver power at the lowest cost over a range of future 
loads. The Council understands that resources in the port
folio may be different from those actually acquired over 
the next 20 years. The resources in the portfolio are those 
that are considered to be available and reliable today, and 
if a decision had to be made today for the next 20-years of 
resource acquisition, this portfolio probably would be the 
lowest cost and least risky. 
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However, the only decisions that have to be made in 
the power plan are those near-term decisions necessary to 
acquire resources or decisions to build the capability to 
acquire a resource in the future. 5 Capability can be devel
oped through pilot programs, research and development, 
and options. The Council fully expects that other re
sources, through technological breakthroughs or better 
financing terms, for example, ultimately could be more 
desirable and, to the extent they are consistent with the 
plan, should be acquired in the future. 

Resources that are first in the portfolio clearly have a 
higher probability of being acquired than resources that 
are not needed until after the turn of the century, but 
even those first resources are not guaranteed to be ac
quired. What is true is that resources with the same or 
similar characteristics and with the same or lower costs 
should be acquired, assuming that need arises. The Coun
cil's resource portfolio is composed of known resources. 
For example, combustion turbines, either single-c-ycle or 
combined-cycle, are a well known source of power that 
fits well within the region's power &)'stem. If a different 
resource with similar characteristics and lower costs were 
offered in response to a bid to supply power, that resource 
would be selected, as it should be. Such a resource cannot 
be identified at the present time; however, in the future 
there may be resources developed that may have all of the 
characteristics of combustion turbines at lower or similar 
costs. 

Categories of Resources Not in the 
Resource Portfolio 

Any resource not in the portfolio can compete with 
any resource in the portfolio on the grounds of cost, pow
er characteristics and environmental suitability. There are 
a number of reasons why resources are not included in the 
portfolio: 

1. First and foremost are resources that are not cost
effective. The definition of cost-effective includes a 
finding that the resources are, or will be, reliable and 
available when they are needed. 

2. Specific resources that cannot be identified at this 
time. 

3. Out-of-region resources beyond what is currently un
der contract. This category is a special subset of cate
gory two. 

Each of these categories of resources is discussed in 
more detail below. 

Resources that are Not Cost-Effective 

Tb be included in the resource portfolio, resources 
must be more effective at reducing the present-value cost 
of serving regional loads than competing resources. In 
addition, there are some resources deemed by the Council 
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to be too risky or environmentally sensitive. An example 
of the latter case is hydropower development on the many 
miles of streams the Council has included in protected 
areas. 

However, in its analysis, the Council uses financial 
assumptions typical of public utilities, investor-owned uti
lities and independent power producers. Clearly, not all 
developers within each category have access to capital at 
the same costs. To the extent that individual developers 
have access to low-cost capital, they may be better 
equipped to respond to a request for proposa!.6 Given 
that the resource being proposed satisfies all parts of the 
definition of cost-effectiveness, and is compatible with the 
goals and objectives of the plan, that resource should be 
acquired, again regardless of whether it is contained in the 
resource portfolio. 

Specific Resources that Cannot Currently 
be Identified 

Some resources, such as cogeneration and small hy
dropower, are included in the plan based on rough esti
mates of how much is available and how much will be 
developed within certain estimated costs. There may be 
more, or less, than is assumed. If initial estimates were too 
low and there are more cost-effective resources in these 
categories, they should be acquired as needed. 

This category might also include some renewable re
sources. Because all renewables are site specific and many 
await better characterization of the resource (wind, solar 
insolation, geothermal heat, etc.) that will drive electric 
generators, it is virtually impossible at this time to deter
mine all of the possible renewable resources that can and 
will be developed. 

Resources from Out-of-Region Suppliers 

Out-of-region resources play two roles in the Coun
cil's plan. First, they provide alternatives to the regional 
resources identified in the plan's supply curves and re
source portfolio analysis. Second, they provide a source of 
emergency purchases in the case of firm deficits in the 
Council's portfolio analysis. These two roles are quite dif
ferent and have different implications for the analysis un
derlying the plan. Each will be described in turn. 

5. Resources appear in the portfolio because they are cost-ef
fective, which includes an assessment of their reliability, avail
ability and compatibility with the region's power system. If 
other resources, not identified in the portfolio, but with similar 
characteristics, are brought forth, the Council will be prepared 
to determine their consistency with the plan. 

6. Developers typically can finance plants with a high percent
age of debt capital. This can result in a private developer being 
able to build a resource at lower costs than, for example, an 
investor-owned utility, which is constrained to use no more 
than a certain fraction of debt capital. 
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The role of regional resource alternatives has been 
discussed in general terms above. New resources acquired 
over the next 20 years could include exchanges with and 
resource purchases from British Columbia, Alberta, Cali
fornia, the desert Southwest, Utah and any other inter
connected systems. Out-of-region resources, beyond 
those currently under contract, have not been specifically 
included in the resource portfolio. Out-of-region re
sources have not been included because 1) they cannot be 
identified at this time, and 2) if they could, there would be 
no good way of estimating the acquisition price and other 
terms and conditions of the agreements. However, based 
on past experience, there will be ample opportunity to 
negotiate cost-effective exchanges with connected sys
tems. The Council is aware of the many opportunities that 
exist for utilities. Out-of-region resources should be se
cured if they cost less than those in the resource portfolio 
and are operationally and environmentally compatible. 

Finally, there are about 15,000 megawatts of gas-fired 
generation in California, much of which is slated for re
tirement. The Council is including in its plan actions to 
begin the development of hydrofirming resources. Califor
nia's gas-fired generation might be an alternative to con
struction of new plants in the Northwest. Negotiating with 
California to keep those resources in a ready state could 
result in lower costs than building new resources in the 
Northwest. Environmental considerations in southern Cal
ifornia might interfere, however with the Northwest using 
California's gas-fired generation. 

The second role, that of a source of emergency pur
chases, is more complex to describe. In the computer 
modeling for the Council's portfolio analysis, there are 
occasions in which lead-time constraints do not allow suf
ficient resources to be acquired to meet firm loads. In 
those cases, either or both of a supply of emergency pur
chases and an estimated cost of load curtailment are nec
essary in order to calculate a cost to that event. The cost is 
necessary because a resource strategy that consistently 
undershoots load because of, for example, long lead times 
should be penalized in terms comparable to the other 
costs that it incurs, such as capital and fuel costs. 

The magnitude of these costs, emergency supplies and 
the cost of failure to meet load, affect the option and 
build levels that are appropriate for the Northwest power 
system. (The role of option and build levels is described 
further in the discussion about the Council's decision 
model.) High costs imply that higher option inventories 
and building ahead of perceived need are best; low costs 
imply that it is economic to take chances with underbuild
ing because the consequences are slight. 

The Council conducted a preliminary investigation of 
sources of emergency purchases and concluded that ap
proximately 1,500 megawatts, broken up into three 500 
megawatt blocks (at 3.0, 3.5 and 4.0 cents per kilowatt
hour in real terms) was reasonable for the limited purpose 
of modeling the resource portfolio. If further investigation 
indicates that a reliable emergency supply exists, the 
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Council may wish to include short-term purchases in fu
ture resource portfolios as substitutes for firm resources. 

Summary 

This section is intended to clarify some of the misun
derstanding about the role of the resource portfolio in the 
Council's plan. Readers should not go away with the idea 
that the resource portfolio is unimportant. The process of 
developing the resource portfolio forms the basis for the 
Council's Action Plan and for the Council's future deter
minations of whether alternative resources are consistent 
with its plan. Resources in the portfolio and those catego
ries of resources not included are all addressed in the Ac
tion Plan. For example, the Action Plan includes actions 
to ensure that promising resources ultimately can be com
petitive with resources in the portfolio. These actions are 
influenced by what is learned about resource compatibility 
and costs in the system analyses. 

All planning proceeds from what we currently know. 
The goal of good planning is to be able to react to unfore
seen events, both good and bad. Reliable, compatible, en
vironmentally sound and low-cost resources always should 
be chosen, wherever they are found. 
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APPENDIX 10-A 

DRAFT PLAN 
PORTFOLIO STUDIES 

Draft Plan Portfolios 

During development of the draft plan, the Council 
conducted a number of sensitivity studies as part of the 
resource portfolio analysis. There was insufficient time 
between the close of public comment on the draft plan 
and adoption of the final plan to rerun all of these studies 
with the final data assumptions. In the final plan, the 
Council selected four representative resource portfolios, 
rather than a single, base-case portfolio, to illustrate how 
the power plan addresses various uncertainties facing the 
region. No single resource portfolio, nor any single list of 
resources, should be perceived as a list of resources to 
acquire. Resource acquisitions should be guided by the 
Action Plan. The studies that formed the basis for many of 
the recommendations in the draft plan are included here 
as reference material. Note that the present value cost 
results for these studies is expressed in 1988 dollars. 

The Council realized that many of the assumptions in 
the draft plan will turn out to be different than forecast 
today. Some of these uncertainties, such as load growth 
and hydro conditions, are treated explicitly in the portfolio 
modeling. Other uncertainties, such as future fuel prices, 
environmental effects and resource supply, are not incor
porated directly into the analysis, but can still have a large 
impact on resource decisions. While the Council believes 
that the data development process has produced reason
able and balanced estimates for input into the modeling 
process, there is little question that significant uncertainty 
remains regarding many of the important parameters in 
power planning. 

To gain insight into the effect of some of these uncer
tainties, the Council examined the consequences of a vari
ety of alternative future resource portfolios and their 
potential impact on the Ation Plan. The ramifications of 
each alternative portfolio were analyzed, discussed and 
debated. The purpose of the exercise was to explore the 
various energy futures possible for the region. These ex
ploratory studies can help identify the more significant 
risks the region faces and identify actions that help man-
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age this risk. Some actions are robust. That is, they can 
work over a wide range of uncertainty to mitigate risk. It's 
important to identify these actions and incorporate them 
into the Action Plan. 

Alternative Draft Plan Portfolios 

In developing the following scenarios, the Council 
modified two types of assumptions. The first dealt with the 
level of constraint to development of thermal resources 
that might be encountered in the region. To meet load 
under the medium-high and high demand scenarios, the 
Council projects that significant amounts of new large 
thermal resources would be required. There are signifi
cant questions concerning the feasibility of developing this 
amount of new thermal resource. To address this question, 
the Council evaluated the impact of increasing delays or 
constraints to construction above and beyond that embo
died in the resource portfolio. The response to these con
straints typically was expressed through a change in the 
resource development order from the base-case portfolio. 

The other type of assumption dealt with an attribute 
or outcome of some aspect of the future over which we 
have little control. It is simply an outcome of an uncertain 
event. An example would be a large unexpected change in 
fuel prices. The following scenarios and portfolio attrib
utes generally change one type of assumption or the oth
er. However, the fuel price sensitivities discussed below 
change both types of assumption. Instead of attempting to 
predict the likelihood of these scenarios, the Council fo
cused primarily on plausible conditions under which the 
region's energy future could be changed. Thble 10-A-1 
summarizes the alternative future portfolios examined in 
this process. 
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DRAFf PLAN PORTFOLIO STUDIES 

Base Case 

The base-case portfolio for the draft plan sensitivity 
studies is similar conceptually to the diverse resource sup
ply portfolio described earlier in this chapter. It was the 
least-cost resource portfolio under the assumptions used 
in the draft plan. The major differences in this draft base 
case include less conservation available in the supply 
curves and the use of pulverized coal as the representative 
coal technology. Additionally, the draft base case did not 
force in conservation program energy for the first 10 years. 
All discretionary conservation programs were scheduled as 
needed. 

The distribution of system cost present values for this 
portfolio is the basis for comparison for the sensitivity stu
dies that follow. It is shown in Figure 10-A-1. Due to un
certainty, a wide range of variability in costs is exhibited. 
With low load conditions, few new resources are needed. 
With favorable water conditions, costs could be as low as 
$10 billion. At the other end of the spectrum, if loads 
grow quickly and large quantities of very expensive re
sources are secured, or the region frequently experiences 
poor water conditions, the costs could be as high as $100 
billion. The expected value of this distribution is about $50 
billion. 

Range of 
Costs 

Figure 10-A-1 
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60-Percent Penetration for Conservation 

The first draft sensitivity study addressed the ques
tion, "What if conservation programs are not as effective 
as the Council assumes?" Obviously, if conservation is not 
as effective, other resources are needed sooner. In looking 
at this sensitivity, it was apparent that if conservation pro
grams achieve only 60-percent penetration of each market 
sector, instead of the 85 percent assumed in the base case, 
significant amounts of additional generating resources will 
be needed on an accelerated schedule. The cost impacts of 
a failure to acquire 85 percent of the conservation were 
estimated to be $1.6 billion in present value greater than 
in the draft base-case resource portfolio.1 This value is 
the expected value of a distribution of cost impacts that 
ranges from $900 million to $2.7 billion (see Figure 
10-A-2). Failure of the region to achieve a high penetra
tion rate of cost-effective conservation measures through
out the Northwest economy will be very costly. At the 

1. This draft plan scenario is similar to that of the final plan 
Portfolio 3, the "less conservation achievable" portfolio de
scribed earlier in this chapter. That portfolio showed an in
crease in cost of $2.3 billion over its base case, as opposed to 
the $1.6 billion stated here. The difference stems from two 
main factors. The final plan has more conservation available, so 
a reduction in achievability requires more replacement energy. 
Second, the final plan uses coal gasification for a coal technolo
gy, which is cleaner, but more expensive, than the pulverized 
coal technology assumptions used in the draft plan. 

10,000 25,000 40,000 55,000 70,000 85,000 100,000 

Present Value Cost (Millions) 
(values are inteival midpoints) 
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same time, if the Council's estimates of conservation sav
ings cannot be achieved, alternative resources need to be 
available to maintain a reliable power system. 

Loss of an Existing Resource 

Questions have been asked about the effect of the 
potential loss of an existing system resource. To evaluate 
this event, the Council assumed that a 730 average mega
watt thermal resource in the region suddenly was shut 
down. The cost impact of losing this amount of energy 
from the existing power system was estimated to be $1.6 
billion. The distribution of cost impacts is shown in Figure 
10-A-3. Loss of significant amounts of energy from the 
existing power system is likely to be very expensive to re
place, and a significant amount of lead time will be need
ed to develop the resources that would replace the loss. 
The ultimate requirements for additional resource acquisi
tion depend on the load scenario encountered, but the 
probability of need for high cost renewables and large 
thermal resources increases significantly over the base 
case. 

802 

25-Percent Coal Tax 

The Council also looked at the cost impacts on the 
resource portfolio of a 25-percent increase in the cost of 
coal due to a carbon tax. This tax would affect all coal
fired resources and would, therefore, increase the cost of 
the fuel component of the energy production from these 
facilities. The draft resource portfolio incorporated almost 
5,000 megawatts of available coal, which would be needed 
in high-load cases. In these cases, the cost of fuel for most 
of these plants would be increased. This sensitivity study 
showed that the expected cost of the region's portfolio 
would increase by $350 million if there were a 25-percent 
coal tax (see Figure 10-A-4). 

1,000 Megawatts of Geothermal 

The Council incorporated 300 megawatts of geother
mal resources in the base-case resource portfolio. Many 
people have argued that the geothermal resource in the 
Cascade Mountains is significantly larger. The Council 
evaluated the impact of confirmation of an additional 
1,000 megawatts of geothermal energy through the dem
onstration projects. Cost estimates used for this additional 
energy were the same as that used for the commercial 
projects in the base portfolio. This sensitivity study re
duced the costs of the base portfolio by $163 million (see 
Figure 10-A-5). It also produced a moderate reduction in 
the probability of need for the higher cost coal plants. 
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Slight Thermal Delay 

This scenario assumes that problems continue with 
resolving the barriers to completing WNP-1 and WNP-3. 
Because of delays in the availability of these power plants, 
higher cost gas-fired cogeneration and hydrofirrning re
sources need to be moved up to displace the need for 
WNP-1 and WNP-3. The acceleration of these resources 
and the displacement of the plants to a later location in 
the resource portfolio increases the expected costs for the 
region of this resource portfolio by about $100 million. 
The distribution of the cost differences is shown in Figure 
10-A-6. As a fallout of this portfolio, the region becomes 
more dependent on gas-fired technologies. This increased 
dependence on gas exposes the region to higher levels of 
economic risk if gas prices escalate quickly or if natural 
gas availability becomes a problem. A further variation of 
this portfolio examined the impact of rapidly escalating 
natural gas prices at rates comparable to the Council's 
highest gas price escalation rate. If this occurred, the cost 
to the region is expected to be significantly higher, about 
$1.66 billion over the base case. Alternatively, if this strat
egy were pursued and gas prices escalated at rates near 
the Council's low natural gas price forecast, the region 
would be better off by about $400 million over the base 
resource portfolio strategy. 
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Moderate Thermal Delay 

If the difficulties with removing the barriers to com
pleting WNP-1 and WNP-3 continue, then additional re
sources need to be moved up to meet regional energy 
needs. 'These resources include the moderately expensive 
hydropower blocks, geothermal and wind, in addition to 
the turbines and cogeneration moved up in the previous 
portfolio. Moving up these resources in the resource port
folio increases the expected costs of the resource portfolio 
by about $300 million. While the cost increase is moder
ate, the Council was concerned with the availability and 
predictability of these resources. If these resources are not 
available to displace the need for WNP-1 and WNP-3, 
regional costs could be significantly higher. Figure 10-A-7 
shows the cost distribution for this portfolio. 
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Extended Thermal Delay 

If, in addition to the delays surrounding the WNP-I 
and WNP-3 plants, the region also has significant difficul
ty in siting, licensing and constructing new coal-fired re
sources, there is a need for moving even higher-cost 
resources forward in the region's resource portfolio. In 
addition, the region would need to accelerate the most 
expensive blocks of cogeneration, small hydro and wind. 
As shown by Figure 10-A-8, this scenario is expected to 
cost about $500 million more than the base resource port
folio. Even with all of these changes, there is still a signifi
cant probability of need for actions on large thermal 
before the year 2000. 

Maximum Thermal Delay 

The Council looked at a portfolio that ignored the 
cost-effectiveness of portfolio resources and focused ef
forts on delaying thermal resource decisions as long as 
possible. To do this, the Council assumed that hydropow
er, geothermal and wind resources are developed as need
ed to meet the region's load growth. Following these 
resources, the gas-fired technologies are acquired, primar
ily cogeneration and the use of combustion turbines to 
back up nonfirm. These resources have shorter lead times 
and are smaller than the larger thermal power stations 
that follow. Finally, if loads continue to grow, WNP-1 and 
WNP-3 and the 5,000 megawatts of available coal are de-
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veloped. This resource portfolio has an expected cost in
crease over the base portfolio of about $1.8 billion (see 
Figure 10-A-9). Most of this impact is due to the fact that 
higher-cost resources are acquired much earlier. While 
thermal resources could be delayed if loads grow at above 
the medium load scenario, thermal resources still are like
ly to be needed before 2010. 

Loss ofWNP-1 and WNP-3 

The Council also looked at the impacts of WNP-1 and 
WNP-3 being not available. In evaluating this sensitivity 
study, WNP-1 and WNP-3 were removed from the Coun
cil's resource portfolio. If these resources are lost to the 
region, the cost of the resource portfolio increased by 
about $300 million2 (see Figure 10-A-10). Other thermal 
resources need to move forward in time, in order to dis
place the 1,600 megawatts that could be available from 
WNP-1 and WNP-3. 

2. A separate study on the value of WNP-1 and WNP-3 was 
not performed for the final plan. However, if the study were 
done, it is likely that the expected cost of losing WNP-1 and 
WNP-3 as potential resources would be higher than the $300 
million stated here. This is due to the more expensive coal gas
ification technology assumptions used in the final plan. 
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Concerns with Reliance on Gas 

If there are perceptions that heavy reliance on com
bustion turbines and gas-fired cogeneration is too risky a 
path, due to concerns about long-term fuel price or avail
ability, there could be significant resistance to develop
ment of these resources. One alternative would be to rely 
more heavily on nuclear and coal resources. If WNP-3, 
WNP-1 and the first block of coal are moved ahead of the 
first blocks of turbines and cogeneration, the expected cost 
under the base-case fuel price assumptions is about $460 
million. However, if large thermal resources were empha
sized over gas-fired resources and high natural gas prices 
were to materialize, this strategy produces a cost improve
ment over the base portfolio strategy of $160 million. Al
ternatively, if low gas prices occur, this strategy produces 
an expected value that's $900 million more expensive than 
the base portfolio where gas-fired resources have a higher 
priority. 

Cost versus Risk Assessment for the 
Draft Plan Portfolio Selection 

Extensive research has been conducted regarding the 
theory and practice of selecting financial investment port
folios. This research has identified two primary attributes 
of alternative portfolios. The first, and most obvious, is 
the expected rate of return that can be achieved from a 
portfolio containing a selection of financial investments. 
In the context of the Council's planning, the surrogate for 
this attribute is the expected cost of constructing, operat
ing and maintaining the existing and future electrical re
sources needed to meet the region's energy needs. Where 
financial portfolio theory strives to maximize the expected 
return, the Council's resource portfolio strives to mini
mize the expected cost. 

The second attribute from financial portfolio theory is 
the variability of the return expected. Variability is nor
mally characterized in a statistic called the standard devi
ation or the variance and is a measure of the risk inherent 
in the portfolio. The resource portfolio exhibits a high lev
el of variability in costs. This was shown in Figure 10-A-l, 
which illustrates the system cost probability density func
tion for the Council's resource portfolio. In this figure the 
most likely cost of the region's portfolio over the next 70 
years is $40 billion (i.e., most probable outcome). Under 
extremely low load conditions, very few resources are 
built, and, in combination with good water years, the cost 
could be as low as $10 billion. At the other end of the 
spectrum, if loads grow quickly, and large quantities of 
very expensive resources are secured, or the region fre
quently experiences poor water conditions, the costs could 
be as high as $100 billion. The expected, or average, value 
from this distribution is about $50 billion. 

When the Council compares two alternative resource 
portfolios, the difference between the expected values is 
normally what is expressed as the cost or benefit of mov-
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ing from one portfolio to another. The standard deviation 
is that distance above and below the expected value that 
normally will incorporate approximately 68 percent of all 
cost outcomes. 

In choosing the base resource portfolio, the Council 
looks at both the expected costs and the standard devi
ations from a variety of alternative resource portfolios. By 
balancing cost and risk, the Council attempts to identify 
the "best" resource portfolio. 

In terms of the Council's planning, the best resource 
portfolio has the lowest expected cost while also providing 
the highest degree of reliability possible. A difficult part of 
selecting a resource portfolio is that it may be easy to 
achieve a highly certain cost by undertaking very high-cost 
actions. For example, if the region were to acquire signifi
cant amounts of very expensive non-displaceable power, 
the region's resource portfolio would have a high expected 
cost, but also a high degree of certainty. Another example 
might be that a highly certain resource portfolio can be 
achieved by purchasing extreme amounts of insurance 
against all possible uncertainties. In either case, these 
portfolios are judged not to be preferable to a more bal
anced, lower cost resource portfolio that incorporates 
some degree of risk. 

In choosing between two alternative resource portfo
lios, the Council prefers a portfolio that has lower ex
pected cost and lower risk. In portfolio theory, this 
relationship is called "stochastic dominance." Stochastic 
dominance occurs between two alternative portfolios when 
one portfolio has both a lower expected cost and a lower 
standard deviation than the alternative. 

Table 10-A-1 illustrates some of the various scenarios 
that the Council looked at when selecting a base-case re
source portfolio for its draft plan. The details of these sce
narios were discussed previously, but it is important to 
note that some of these scenarios are sensitivity studies 
rather than complete scenarios. As sensitivity studies, one 
key, but uncertain, parameter was set at a particular value. 
This helps the Council to understand how sensitive the 
resource portfolio is to a specific parameter. Because it is 
not possible for the Council or the region to pre-ordain 
the desired level of these parameters, these sensitivity 
studies are not physically achievable. On the other hand, 
some of the resource scenarios involved alternative priori
ties for resource development. These are choices that the 
region can make regarding how the future resource mix 
will be modified or changed over the next 20 years. 

Figure 10-A-ll illustrates the trade-off between the 
expected cost of each of these scenarios and the standard 
deviations associated with those scenarios. Because the 
standard deviations represent the amount of dispersion 
around the expected value, they are an indication of the 
degree of risk. The numbered points on this graph corre
spond to the scenario numbers from Table 10-A-l. 
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Portfolio 1 is the base--case resource portfolio that the 
Council uses as the planning base of this plan. Fifteen 
alternative portfolios were evaluated and plotted on Fig
ure 10--A-ll to illustrate the trade-offs between risk and 
expected cost. The vertical axis of the figure represents 
the standard deviations of the various resource portfolios. 
Larger amounts of standard deviation indicate a higher 
degree of risk in the resource portfolio. The horizontal 
axis in the figure illustrates the relative expected cost of 
the resource portfolio. Both the standard deviation and 
expected cost are relative estimates of the change in these 
two attributes when each portfolio is measured with re
spect to the base case. For this reason, the portfolio la
beled number 1 is by definition the resource portfolio with 
no expected cost and no standard deviation in this plot. In 
reality, the base-case resource portfolio has an expected 
cost of $50 billion and a standard deviation of $17 billion. 

The base-case resource portfolio number 1 is clearly 
preferable in terms of cost and risk to any portfolio that is 
in the upper right quadrant of the diagram. Any portfolio 
that falls here has both a higher expected cost and a high
er associated risk than the base-case portfolio. The base
case portfolio is said to be stochastically dominant over 
these resource portfolios. For resource portfolios that 
have a significantly higher expected cost and only slightly 
different standard deviations (for example, portfolios num
ber 7, 11, 14 and 10), the base-case resource portfolio is 
judged by the Council to be preferable. The resource port
folios numbered 8, 5 and 15 appear to have both superior 
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cost and risk characteristics to the base-case portfolio, 
while Portfolios number 2 and 8 have higher costs, but 
reduced risk. It appears that these portfolios are potential 
competitors with the base portfolio. A discussion of these 
competing portfolios follows. 

Portfolios 15 and 8 represent sensitivity studies around 
future gas prices. In Portfolio 15, gas prices are assumed 
to be high, but the region has advanced the development 
of WNP-1 and WNP-3 and coal instead of building a large 
amount of gas-fired generation. In Portfolio 8, future gas 
prices are assumed to be low and the region has decided 
to undertake the development of a significant amount of 
gas-fired generation. In these two portfolios, the future 
gas prices are assumed to be known at either high or low 
levels. These obviously are unattainable futures because 
the future price of natural gas is inherently uncertain. 

Portfolio 5 illustrates how the region's resource port
folio would be improved through a successful geothermal 
demonstration program. It assumes the demonstration 
program confirms an additional 1,000 megawatts of cost
effective geothermal energy. This resource portfolio is 
stochastically dominant over the base-case portfolio in 
that it has a lower expected cost and a lower standard de
viation (less risk). However, as with fuel prices, it is not a 
certain future. There is some probability that an additional 
geothermal resource will not prove out at costs competi
tive with other portfolio resources. Portfolio 5 illustrates 
the importance of undertaking a research and develop
ment effort on new geothermal resources in the region. 
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Portfolios 6 and 9 are potential competitors with the 
base-case resource portfolio. These two portfolios offer 
the trade-off between a higher expected cost in exchange 
for a lower risk (standard deviation). Portfolio 6 delays 
WNP-1 and WNP-3 and the development of new coal
fired power plants by advancing the development of co
generation and gas-fired combustion turbines. In fact, this 
resource portfolio may not be lower risk than the base 
case. These resource portfolios, like any of the resource 
portfolios analyzed here, cannot take into account all pos
sible uncertainty or risk. In this case, future uncertainty in 
gas prices was not analyzed or incorporated into the esti
mate of the standard deviation for the resource portfolio. 
That is precisely why the Council looked at the sensitivity 
studies to see the impacts of rapidly escalating gas prices. 
Therefore, Portfolio 6 offers some potential benefits; how
ever, the analysis supporting Portfolio 6 may not incorpo
rate one of the more important uncertainties. 

Portfolio 9 offers a more complex trade-off with the 
base case. In this case, the costs are significantly higher 
than the base case, although within the range of being 
potentially viable. Portfolio 9 involves advancing the devel
opment of hydropower, geothermal and wind resources in 
an attempt to defer thermal power plant development as 
long as possible. Because of the potential advantages in 
terms of reducing risk that this portfolio offers, the Coun
cil designed special action items to focus on the need to 
better understand the cost and availability of these renew
able resources. If these resources can be confirmed and 
their cost of development reduced, then it is possible that 
the risk reduction benefits of Portfolio 9 can be achieved 
without significantly increasing the expected cost of the 
resource portfolio. 
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~ I :,. .,, .,, 
tr1 

Study ID :5-APR-91 13:20:10 z 
Study Title:DIVERSE SUPPLY SCENARIO - HIGH LOADS 0 

x 
SYSTEM SUMMARY:Observed Loads and Resources (Avg MW),PARTY BPA 0 

' co 

Operating Year 90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05 05-06 06-07 07-08 08-09 09-10 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Observed Load 3151 3260 3326 3414 3523 3631 3745 3846 3943 4045 4148 4254 4357 4468 4594 4718 4835 4955 5080 5206 

Observed Rate 3.47% 2.02% 2.66% 3.17% 3.07% 3.15% 2.69% 2.53% 2.59% 2.55% 2.54% 2.43% 2.55% 2.80% 2.71% 2.48% 2.47% 2.52% 2.48% 
DSI Firm Load 2336 2314 2335 2357 2356 2355 2354 2354 2353 2352 2326 2301 2275 2275 2275 2275 2275 2275 2275 2275 

Existing Resources 7444 7462 7450 7438 7484 7530 7661 7792 7747 7703 7698 7692 7623 7553 7560 7566 7572 7577 7583 7577 

BP A Requirements -2489 -2749 -2944 -2905 -3101 -3295 -3471 -3441 -3607 -3781 -3921 -4064 -4222 -4392 -4561 -4616 -4728 -4903 -5085 -5134 

CONSERVATION PROGRAMS: 
Water Heat 1 0 0 0 0 3 10 17 24 32 39 47 57 66 76 86 96 102 104 106 108 

New Commercial 1 0 0 1 3 6 9 13 16 20 24 27 31 35 38 42 46 50 54 58 63 

Commercial R&R 1 0 3 5 8 10 13 15 18 20 23 25 28 30 33 36 38 41 43 46 48 
New SF Res 1 0 1 2 3 6 9 13 16 19 23 26 29 33 36 40 43 46 50 53 57 

New MF Res 1 0 0 0 0 0 1 1 1 1 2 2 2 2 2 3 3 3 3 4 4 
New Manuf Housing 1 0 0 1 2 3 4 6 8 9 11 13 15 16 18 20 22 23 25 27 29 
New Res Light 1 0 0 1 1 2 4 5 7 8 9 11 12 13 15 16 18 19 20 22 23 
Wtr Htr Heat Pumps 0 0 0 0 1 3 4 6 8 10 12 14 17 19 21 23 25 27 29 31 
BP A Contract Recall 192 192 192 242 242 242 242 292 292 292 292 292 292 292 292 292 292 292 292 292 
Cons. Volt. Reg. 0 2 6 10 14 18 23 27 31 35 39 41 41 41 41 41 41 41 41 41 
Industri6l 1 0 2 6 15 24 33 43 52 61 70 79 88 98 107 116 126 135 144 154 163 

Irrigation 1 0 0 1 2 2 3 4 5 5 6 7 7 8 9 9 10 11 11 12 13 

T&D Effie Impr 0 3 8 13 18 23 28 34 39 44 49 54 59 64 70 75 80 85 90 96 

Industrial 2 0 1 4 10 16 23 29 35 41 48 54 60 67 73 80 86 93 99 106 112 

Exist. Commercial 1 0 1 5 11 19 29 39 48 58 68 78 87 97 106 116 126 135 145 155 164 0 
MF Res Weath 0 1 2 3 5 6 8 9 10 12 13 13 13 13 13 13 13 13 13 13 tr1 

SF Res Weath 0 3 9 16 24 31 39 46 54 61 64 64 64 64 64 64 64 64 64 64 
..., 
tr1 

Ex. Res. Lighting-! 0 0 0 0 0 0 0 0 0 0 0 1 2 4 5 6 8 9 10 11 " ~ 
High Cost Block 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 z 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- vi 
Subtotal 192 209 243 339 395 461 529 644 708 777 838 895 953 1010 1070 1128 1181 1229 1282 1334 

..., 
1'i 

" GENERA TING RESOURCES: ~ 
Hydro Eff Imp 0 0 0 15 30 45 60 75 75 75 75 75 75 75 75 75 75 75 75 75 0 

Small Hydro 1 0 0 0 0 0 0 5 10 14 14 14 14 14 14 14 14 14 14 14 14 C: 

~ 
Combined Cycle 1 0 0 0 0 0 0 0 357 357 714 714 714 714 714 714 714 714 714 714 714 tr1 
Small Hydro 2 0 0 0 .0 0 0 4 7 11 11 14 14 14 14 14 14 14 14 14 14 "' 
WNP 3 0 0 0 0 0 0 0 0 868 868 868 868 868 868 868 868 868 868 868 868 l"l 

:::: 
Thermal Eff Imp 0 0 0 0 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 tr1 

0 
Cogen 1 0 0 0 0 0 20 60 80 80 80 80 80 80 80 80 80 80 80 80 80 C: 

Cogen 2 0 0 0 0 0 0 0 8 8 8 8 8 8 8 8 8 8 8 8 8 r 
~ 

WNP 1 0 0 0 0 0 0 0 0 0 0 0 818 818 818 818 818 818 818 818 818 
6 Combined Cycle 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 357 357 714 714 1071 1071 

Mun. Solid Waste 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 8 8 " $ 
..., 

Cogen 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 16 16 64 64 80 :::: 
z Wind 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 tr1 

:,. 
0 Geothermal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 t:i ~ Small Hydro 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 tr1 
:::: 

E. Mont Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ 
~ Cogen 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ?:; ..., E. Wash Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 < .,, 

E. Oregon Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 tr1 
0 

~ W. Wa/Or Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ffi 
" Nevada Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .,, Wind 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 C: 

~ Small Hydro 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ 
Biomass 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 tr1 

I c3 < Wind 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 Replacement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ r 
C: ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- 6 
~ Subtotal 0 0 0 15 36 71 135 543 1419 1776 1779 2597 2597 2597 2954 2970 3327 3383 3740 3756 C 
tr1 0 
:::: "' 

Total Firm Resources 5147 4921 4748 4888 4816 4768 4851 5536 6269 6474 6395 7123 6953 6770 7023 7049 7353 7289 7520 7531 

LoadLResource Balance -340 -653 -914 -883 -1062 -1217 -1248 -663 -27 77 -80 569 320 27 155 56 243 60 166 51 



~ 
c:, 
tTl ..., 

z Study ID :5-APR-91 13:20:10 tTl 
0 ~ q Study Title:DIVERSE SUPPLY SCENARIO - HIGH LOADS 
::i: z 
::; SYSTEM SUMMARY:Observed Loads and Resources (Avg MW),PARTY = IOUs vi 
tTl 

..., 
VJ 1'i ..., 

Operating Year ..,, 90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05 05-06 06-07 07-08 08-09 09-10 
~ 0 ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----

~ Observed Load 9642 10059 10381 10709 11061 11407 11751 12045 12332 12636 12932 13232 13524 13842 14203 14557 14898 15246 15608 15970 0 
;,, Observed Rate 4.33% 3.20% 3.16% 3.29% 3.13% 3.01% 2.50% 2.39% 2.46% 2.34% 2.32% 2.21% 2.36% 2.60% 2.50% 2.34% 2.34% 2.37% 2.32% 

c:: 
..,, fl 
~ 

tTl 

Existing Resources 9411 9392 9340 9287 9214 9141 8976 8811 8691 8571 8520 8469 8445 8388 8344 8184 8132 8142 8161 7923 VJ 
z n 
I [g 
< BP A Requirements 107 138 188 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 

c:, 
r c:: 
c:: CONSERVATION PROGRAMS: ~ ::: 
tTl Water Heat 1 0 0 0 0 8 24 41 60 79 98 118 138 161 186 211 235 250 257 262 265 

= New Commercial 1 0 3 6 16 34 55 77 100 123 147 170 193 217 242 268 292 318 344 371 398 a 
Commercial R&R 1 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 

;,, ..., 
New SF Res 1 0 1 3 6 10 16 22 28 34 40 47 53 59 66 72 79 85 91 97 104 gj 
New MF Res 1 0 0 0 1 1 2 2 3 4 5 5 6 7 7 8 9 10 10 11 12 ), 

New Manuf Housing 1 0 1 2 4 7 12 16 20 25 30 35 39 44 49 53 58 63 67 72 76 c; 
New Res Light 1 0 0 1 2 4 6 8 9 11 13 15 17 19 22 24 26 27 29 31 33 tTl 

Wtr Htr Heat Pumps 0 1 2 4 7 11 15 19 24 29 34 38 43 48 53 58 62 67 12 76 ~ 
Cons. Volt. Reg. 0 3 9 15 21 27 33 38 44 50 56 59 59 59 59 59 59 59 59 59 ~ 
Industrial 1 0 2 6 15 24 33 43 52 61 70 79 88 98 107 116 126 135 144 154 163 < 
Irrigation 1 0 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 tTl 

T&D Effie Impr 0 2 7 12 17 22 27 31 36 41 46 51 56 60 65 70 75 80 84 89 
;,, 
tTl 

Industrial 2 0 1 4 10 16 23 29 35 41 48 54 60 67 73 80 86 93 99 106 112 "' 0 
Exist. Commercial 1 0 2 10 22 38 57 77 96 115 134 153 172 191 210 229 249 268 287 306 325 c:: 

MF Res Weath 0 2 6 11 17 22 27 32 38 43 44 44 44 44 44 44 44 44 44 44 fl 
SF Res Weath 0 2 8 15 22 29 36 43 50 57 59 59 59 59 59 59 59 59 59 59 

tTl 

"' Ex. Res. Lighting-1 0 1 2 4 5 7 8 10 12 13 14 15 15 15 15 15 15 15 15 15 0 

High Cost Block 0 0 0 0 0 0 0 0 0 0 3 12 24 36 48 60 72 84 96 108 q 
'T1 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- 0 
Subtotal 0 26 77 154 254 375 496 617 744 871 991 1109 1234 1360 1487 1614 1730 1837 1946 2051 r 

i5 
VJ 

GENERA TING RESOURCES: 
Hydro Eff Imp 0 0 0 10 20 30 35 35 35 35 35 35 35 35 35 35 35 35 35 35 

Small Hydro 1 0 0 0 0 0 0 14 29 43 52 62 71 76 76 76 76 76 76 76 76 

Combined Cycle 1 0 0 0 0 0 0 0 357 357 357 357 357 357 357 357 357 357 357 357 357 

Small Hydro 2 0 0 0 0 0 0 11 22 33 43 51 58 65 72 80 87 87 87 87 87 

Thermal Eff Imp 0 0 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 

Cogen 1 0 0 0 0 40 160 280 400 420 420 420 420 420 420 420 420 420 420 420 420 

Cogen 2 0 0 0 0 0 0 0 41 49 49 49 49 49 49 49 49 49 49 49 49 

Combined Cycle 2 0 0 0 0 0 0 0 0 0 357 357 357 357 357 357 357 357 357 357 357 

Mun. Solid Waste 0 0 0 0 0 0 0 0 0 8 8 8 8 15 15 15 15 23 23 30 

Cogen 3 0 0 0 0 0 0 0 0 328 656 824 960 960 960 960 960 960 960 960 960 

Wind 1 0 0 0 0 0 12 23 23 23 23 23 23 23 23 23 23 23 23 23 23 

Geothermal 0 0 0 0 0 105 175 245 280 280 280 280 280 280 280 280 280 280 280 280 

Small Hydro 3 0 0 0 0 0 0 15 30 44 59 74 85 96 107 107 107 107 107 107 107 

E. Mont Coal Gas 0 0 0 0 0 0 0 0 0 597 895 895 1194 1492 1790 1790 1790 1790 1790 1790 

Cogen 4 0 0 0 0 0 0 0 0 0 0 0 0 16 16 16 248 320 456 456 456 

E. Wash Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 262 262 523 785 

E. Oregon Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 262 

W. Wa/Or Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Nevada Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Wind 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Small Hydro 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Biomass 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Wind 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Replacement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Subtotal 0 0 50 60 110 357 603 1232 1662 2986 3485 3648 3986 4309 4615 4854 5188 5332 5593 6124 ~ ..,, 

tTl 
Total Firm Resources 9519 9555 9654 9501 9579 9872 10074 10661 11098 12429 12996 13230 13666 14060 14448 14653 15051 15312 15701 16100 z 

c:, 

Load/Resource Balance -123 -505 -726 -1208 -1482 -1536 -1677 -1383 -1235 -207 65 -2 142 218 246 95 153 66 93 131 ~ 
0, I 

:; 
w 

I 
ti, 



~ I > 
"' "' tT1 

Study ID :5-APR-91 13:20:10 z 
t:l 

Study Title:DIVERSE SUPPLY SCENARIO - HIGH LOADS x 
0 

SYSTEM SUMMARY:Observed Loads and Resources (Avg MW),PARTY = Generating Publics I 

"' 
Operating Year 90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05 05-06 06-07 07-08 08-09 09-10 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Observed Load 4827 5043 5206 5373 5553 5730 5905 6055 6208 6369 6521 6675 6825 6989 7173 7355 7535 7719 7911 8103 
Observed Rate 4.49% 3.23% 3.19% 3.35% 3.19% 3.06% 2.54% 2.52% 2.59% 2.39% 2.37% 2.24% 2.39% 2.64% 2.54% 2.45% 2.45% 2.48% 2.43% 

Existing Resources 2445 2432 2450 2468 2451 2435 2434 2433 2411 2390 2394 2398 2381 2365 2372 2496 2559 2559 2559 2699 

BP A Requirements 2382 2611 2756 2905 3101 3295 3471 3441 3607 3781 3921 4064 4222 4392 4561 4616 4728 4903 5085 5134 

CONSERVATION PROGRAMS: 
Water Heat 1 0 0 0 0 3 9 16 22 29 36 44 52 61 70 79 88 94 96 98 99 
New Commercial 1 0 1 2 5 10 15 21 27 33 40 45 51 58 64 71 77 84 90 97 105 
Commercial R&R 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
New SF Res 1 0 0 1 3 5 9 12 15 18 21 24 27 30 33 37 40 43 46 49 52 
New MF Res 1 0 0 0 0 0 1 1 1 1 1 2 2 2 2 2 3 3 3 3 4 
New Manuf Housing 1 0 0 1 1 3 4 6 7 9 10 12 14 15 17 18 20 22 23 25 26 
New Res Light 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Wtr Htr Heat Pumps 0 0 0 0 1 2 4 6 8 10 12 13 15 17 19 21 23 25 27 29 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Subtotal 0 1 4 9 22 40 60 78 98 118 139 159 181 203 226 249 269 283 299 315 

GENERA TING RESOURCES: 
Replacement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Subtotal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Total Firm Resources 4827 5045 5211 5382 5575 5770 5964 5952 6116 6288 6453 6621 6785 6962 7160 7361 7554 7745 7943 8148 I i Lo<Ld/Resource Balance 0 1 4 10 22 40 59 -103 -92 -81 -68 -54 -41 -27 -13 6 19 26 32 45 
z 
o'i 
-l 
n 
m 
0 
c:: 
Pi 
tT1 

"' n 
::i: 
tT1 
0 
c:: ,.. 
m 
2l 
';j 

$ -l 
::i: - tT1 

z ~ 0 
2'.l tT1 
::i: ~ 
~ ::\ 
-l < 
6 tT1 

~ m 
';j 0 

"' 
c:: 

~ Pi 
z tT1 

I 6 
d 2'.l 
t: 'Tl 

0 s: 5 tT1 
:: "' 



Cl 
:§ tTl 

-i 
Study ID :5-APR-91 13:20:10 tTl 

z " 0 Study Title:DIVERSE SUPPLY SCENARIO - HIGH LOADS ::: 
q z 
:r: SYSTEM SUMMARY:Observed Loads and Resource• (Avg MW),PARTY = REGION vi 
:E -i 
tTl n 
"" Operating Year 90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05 05-06 06-07 07-08 08-09 09-10 " -i m ..,, ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
0 Observed Load 17619 18363 18913 19496 20136 20768 21401 21946 22483 23050 23601 24161 24706 25299 25970 26631 27269 27920 28598 29278 0 
:E i:: 
tTl Observed Rate 4.22% 3.00% 3.08% 3.29% 3.14% 3.05% 2.54% 2.45% 2.52% 2.39% 2.37% 2.26% 2.40% 2.65% 2.55% 2.40% 2.39% 2.43% 2.38% f\ " DSI Firm Load 2336 2314 2335 2357 2356 2355 2354 2354 2353 2352 2326 2301 2275 2275 2275 2275 2275 2275 2275 2275 tTl ..,, 
r "' 
~ 

n 
Existing Resources 19300 19286 19239 19193 19150 19106 19071 19036 18849 18663 18611 18559 18449 18306 18276 18247 18263 18278 18304 18199 :r: 

I tr1 

< Cl 
CONSERVATION PROGRAMS: i:: 0 r r Water Heat 1 0 0 0 0 14 43 74 106 140 173 209 247 288 332 376 419 446 457 466 472 m i:: 

::: New Commercial 1 0 4 9 24 50 79 111 143 176 211 242 275 310 344 381 415 452 488 526 566 6 tr1 Commercial R&R 1 0 8 15 23 30 38 45 53 60 68 75 83 90 98 106 113 121 128 136 143 ::: " New SF Res 1 0 2 6 12 21 34 47 59 71 84 97 109 122 135 149 162 174 187 199 213 -i 
New MF Res 1 0 0 0 1 1 4 4 5 6 8 9 10 11 11 13 15 16 16 18 20 :r: 

tTl 
New Manuf Housing 1 0 1 4 7 13 20 28 35 43 51 60 68 75 84 91 100 108 115 124 131 > 
New Res Light 1 0 0 2 3 6 10 13 16 19 22 26 29 32 37 40 44 46 49 53 56 r, .., 
Wtr Htr Heat Pumps 0 1 2 4 9 16 23 31 40 49 58 65 75 84 93 102 110 119 128 136 tr1 

BP A Contract Recall 192 192 192 242 242 242 242 292 292 292 292 292 292 292 292 292 292 292 292 292 s! 
Cons. Volt. Reg. 0 5 15 25 35 45 56 65 75 85 95 100 100 100 100 100 100 100 100 100 ~ 
Industrial 1 0 4 12 30 48 66 86 104 122 140 158 176 196 214 232 252 270 288 308 326 < 
Irrigation 1 0 0 2 4 5 7 9 11 12 14 16 17 19 21 22 24 26 27 29 31 tr1 

" T&D Effie Impr 0 5 15 25 35 45 55 65 75 85 95 105 115 124 135 145 155 165 174 185 tr1 
V, 

Industrial 2 0 2 8 20 32 46 58 70 82 96 108 120 134 146 160 172 186 198 212 224 0 
Exist. Commercial 1 0 3 15 33 57 86 116 144 173 202 231 259 288 316 345 375 403 432 461 489 i:: 

MF Res Weath 0 3 8 14 22 28 35 41 48 55 57 57 57 57 57 57 57 57 57 57 f\ 
tr1 

SF Res Weath 0 5 17 31 46 60 75 89 104 118 123 123 123 123 123 123 123 123 123 123 "" Ex. Res. Lighting-1 0 1 2 4 5 7 8 10 12 13 14 16 17 19 20 21 23 24 25 26 0 

High Cost Block 0 0 0 0 0 0 0 0 0 0 3 12 24 36 48 60 72 84 96 110 
q 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- 6 
Subtotal 192 236 324 502 671 876 1085 1339 1550 1766 1968 2163 2368 2573 2783 2991 3180 3349 3527 3700 C 

0 
"' 

GENERA TING RESOURCES: 
Hydro Eff Imp 0 0 0 25 50 75 95 110 110 110 110 110 110 110 110 110 110 110 110 110 
Small Hydro 1 0 0 0 0 0 0 19 39 57 66 76 85 90 90 90 90 90 90 90 90 
Combined Cycle 1 0 0 0 0 0 0 0 714 714 1071 1071 1071 1071 1071 1071 1071 1071 1071 1071 1071 
Small Hydro 2 0 0 0 0 0 0 15 29 44 54 65 72 79 86 94 101 101 101 101 101 
WNP 3 0 0 0 0 0 0 0 0 868 868 868 868 868 868 868 868 868 868 868 868 
Thermal Eff Imp 0 0 50 50 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 
Cogen 1 0 0 0 0 40 180 340 480 500 500 500 500 500 500 500 500 500 500 500 500 
Cogen 2 0 0 0 0 0 0 0 49 57 57 57 57 57 57 57 57 57 57 57 57 
WNP 1 0 0 0 0 0 0 0 0 0 0 0 818 818 818 818 818 818 818 818 818 
Combined Cycle 2 0 0 0 0 0 0 0 0 0 357 357 357 357 357 714 714 1071 1071 1428 1428 
Mun. Solid Waste 0 0 0 0 0 0 0 0 0 8 8 8 8 15 15 15 15 31 31 38 
Cogen 3 0 0 0 0 0 0 0 0 328 656 824 960 960 960 960 976 976 1024 1024 1040 
Wind 1 0 0 0 0 0 12 23 23 23 23 23 23 23 23 23 23 23 23 23 23 
Geothermal 0 0 0 0 0 105 175 245 280 280 280 280 280 280 280 280 280 280 280 280 
Small Hydro 3 0 0 0 0 0 0 15 30 44 59 74 85 96 107 107 107 107 107 107 107 
E. Mont . Coal Gas 0 0 0 0 0 0 0 0 0 597 895 895 1194 1492 1790 1790 1790 1790 1790 1790 
Cogen 4 0 0 0 0 0 0 0 0 0 0 0 0 16 16 16 248 320 456 456 456 
E. Wash Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 262 262 523 785 
E. Oregon Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 262 
W. Wa/Or Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nevada Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Wind 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Small Hydro 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Biomass 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Wind 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Replacement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 > ..,, 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ..,, 
tr1 

Subtotal 0 0 50 75 146 428 738 1775 3081 4762 5264 6245 6583 6906 7569 7824 8515 8715 9333 9880 z 
Cl 

Total Firm Resources 19493 19521 19613 19771 19970 20410 20890 22150 23483 25191 25844 26974 27403 27792 28632 29063 29958 30347 31164 31779 x 
0 

"' I 
I 

::;; Load/Resource Balance -462 -1156 -1636 -2081 -2522 -2713 -2866 -2149 -1354 -211 -83 512 422 218 388 157 415 152 291 226 "' 
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tr1 
Study ID :5-APR-91 13:19:47 z 

0 
Study Title:DIVERSE SUPPLY SCENARIO - MEDIUM HIGH LOADS x 
SYSTEM SUMMARY:Observed Loads and Resources (Avg MW),PARTY = BPA 

0 
I 

"' 
Operating Year 90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05 05-06 06-07 07-08 08-09 09-10 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Observed Load 3080 3141 3175 3229 3298 3370 3443 3514 3582 3647 3715 3787 3858 3935 4020 4107 4191 4276 4367 4456 
Observed Rate 1.98% 1.09% 1.68% 2.14% 2.18% 2.18% 2.05% 1.93% 1.83% 1.85% 1.95% 1.87% 2.00% 2.15% 2.17% 2.04% 2.03% 2.12% 2.04% 
DSI Firm Load 2282 2230 2237 2244 2228 2212 2211 2211 2211 2210 2197 2183 2170 2170 2170 2170 2170 2170 2170 2170 

Existing Resources 7444 7462 7450 7438 7484 7530 7661 7792 7747 7703 7698 7692 7623 7553 7560 7566 7572 7577 7583 7577 

BP A Requirements -2367 -2536 -2673 -2571 -2693 -2817 -2927 -2880 -2999 -3113 -3192 -3278 -3389 -3511 -3621 -3622 -3675 -3790 -3912 -3897 

CONSERVATION PROGRAMS: 
Water Heat 1 0 0 0 0 3 9 15 21 28 34 42 50 59 67 75 83 89 91 92 93 
New Commercial 1 0 0 1 2 4 7 9 12 15 18 21 24 27 30 34 37 40 44 47 51 
Commercial R&R 1 0 3 5 8 11 13 16 19 22 24 27 30 32 35 38 40 43 46 49 51 
New SF Res 1 0 0 1 2 4 5 7 9 11 13 15 17 19 21 24 26 28 30 32 34 
New MF Res 1 0 0 0 0 0 1 1 1 1 1 2 2 2 2 2 3 3 3 3 3 
New Manuf Housing 1 0 0 1 2 3 5 7 8 10 12 14 16 18 20 22 24 26 28 30 32 
New Res Light 1 0 0 0 1 2 3 4 5 5 6 7 8 9 10 11 12 13 14 15 16 
Wtr Htr Heat Pumps 0 0 0 0 1 2 3 4 6 7 8 10 11 13 14 16 17 18 20 21 
BP A Contract Recall 64 128 192 242 242 242 242 292 292 292 292 292 292 292 292 292 292 292 292 292 
Cons. Volt. Reg. 0 2 6 10 14 18 23 27 31 35 37 37 39 41 41 41 41 41 41 41 
Industrial 1 0 2 6 15 24 33 43 52 61 70 78 84 91 100 110 119 128 138 147 156 
Irrigation 1 0 0 1 2 2 3 4 5 5 6 7 7 8 8 9 10 10 11 12 12 
T&D Effie Impr 0 3 8 13 18 23 28 34 39 44 46 46 49 54 59 64 70 75 80 85 
Industrial 2 0 1 4 10 16 23 29 35 41 48 53 57 62 68 75 81 88 94 101 107 
Exist. Commercial 1 0 1 5 11 19 29 89 48 58 68 77 84 92 102 112 121 131 141 150 160 0 

MF Res Weath 0 1 2 3 5 6 8 9 10 12 13 13 13 13 13 13 13 13 13 13 
tr1 
-I 

SF Res Weath 0 3 9 16 24 31 39 46 54 61 64 64 64 64 64 64 64 64 64 64 tr1 

Ex. Res. Lighting-1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ 
High Cost Block 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 z 

iii ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -I 
Subtotal 64 144 241 337 392 453 517 627 689 751 803 841 887 940 995 1046 1096 1143 1188 1238 n 

GENERA TING RESOURCES: 
~ 
"' 

Hydro Eff Imp 0 0 0 15 80 45 60 75 75 75 75 75 75 75 75 75 75 75 75 75 0 
C: 

Small Hydro 1 0 0 0 0 0 0 5 10 14 14 14 14 14 14 14 14 14 14 14 14 f5 
Combined Cycle 1 0 0 0 0 0 0 0 0 357 357 714 714 714 714 714 714 714 714 714 714 tr1 

Small Hydro 2 0 0 0 0 0 0 0 0 7 11 11 14 14 14 14 14 14 14 18 18 "' () 

WNP 3 0 0 0 0 0 0 0 0 0 0 0 0 0 868 868 868 868 868 868 868 ::r: 
Thermal Eff Imp 0 0 0 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 

tr1 
0 

Cogen 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 40 60 C: r 
Cogen 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ 
WNP 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 d Combined Cycle 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 :,:, 

$ Mun. Solid Waste 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -I 

Cogen 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ::r: - tr1 
z Wind 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 >-
0 Geothermal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 s:; 
cl Small Hydro 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 tr1 
::r: 2 ,;; E. Mont Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
tr1 Cogen 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 :'.\ 
(/) 

-I E. Wash Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ .,, 
E. Oregon Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 :,:, 

~ W. Wa/Or Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 tr1 
"' :,:, Nevada Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .,, Wind 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 C: 

~ Small Hydro 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 f5 
tr1 

I 
Biomass 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .,, 

< Wind 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 Replacement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 cl 
r d C: ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----::: Subtotal 0 0 0 21 36 51 71 91 459 463 820 823 823 1691 1691 1691 1691 1691 1735 1755 C 
tr1 0 
= "' 

Total Firm Resources 5141 5070 5018 5227 5220 5217 5319 5629 5897 5805 6127 6079 5946 6676 6626 6683 6684 6620 6593 6669 

Load/Resource Balance -221 -301 -394 -246 -306 -365 -335 -96 105 -53 216 108 -82 570 436 405 323 174 57 44 
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z Study ID :5-APR-91 13:19:47 tT1 
0 ~ ::'l Study Title:DIVERSE SUPPLY SCENARIO - MEDIUM HIGH LOADS 
::r: z 
::; SYSTEM SUMMARY:Observed Loads and Resources (Avg MW),PARTY = IOUs cil 
tT1 

..., 
V, n ..., 

Operating Year 90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05 05-06 06-07 07-08 08-09 09-10 
6 

;,:, 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- [2 ::; Observed Load 9398 9637 9839 10036 10240 10450 10660 10858 11048 11228 11400 11587 11780 11997 12234 12478 12706 12940 13187 13427 0 
tT1 C ;,:, Observed Rate 2.54% 2.09% 2.00% 2.04% 2.04% 2.01% 1.86% 1.75% 1.63% 1.53% 1.63% 1.67% 1.84% 1.98% 1.99% 1.83% 1.84% 1.91% 1.82% fl '"C s: tT1 

Existing Resources 9411 9392 9340 9287 9214 9141 8976 8811 8691 8571 8520 8469 8445 8388 8344 8184 8132 8142 8161 7923 V, z n 
I ::r: 
< BP A Requirements 107 138 188 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 tT1 
0 0 
r C: 
C: CONSERVATION PROGRAMS: 

r 
~ tT1 

Water Heat 1 7 217 228 "' tT1 0 0 0 0 21 36 53 69 86 104 123 142 163 184 204 222 226 a = New Commercial 1 0 2 5 11 23 40 57 75 93 112 131 151 171 192 214 234 256 278 300 324 
Commercial R&R 1 0 5 11 16 21 27 32 37 43 48 53 59 64 69 75 80 85 91 96 101 

;,:, ..., 
New SF Res 1 0 0 2 3 6 9 13 16 20 24 27 31 35 39 43 47 51 54 58 62 ::r: 
New MF Res 1 0 0 0 1 1 2 2 3 3 4 5 5 6 7 7 8 9 9 10 10 

tT1 
>-New Manuf Housing 1 0 1 2 5 8 13 17 22 27 33 38 43 49 54 59 65 70 75 80 85 ti 

New Res Light 1 0 0 1 1 3 4 5 7 8 9 11 12 14 15 17 18 19 21 22 23 tT1 

Wtr Htr Heat Pumps 0 0 1 3 5 7 10 13 16 19 23 26 29 33 36 39 43 46 49 52 
;,:, 
z 

Cons. Volt. Reg. 0 3 9 15 21 27 33 38 44 50 56 59 59 59 59 59 59 59 59 59 2:; 
Industrial 1 0 2 6 15 24 33 43 52 61 70 79 88 98 107 116 126 135 144 154 163 < 
Irrigation 1 0 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 trl 

T&D Effie Impr 0 2 1 12 17 22 27 31 36 41 46 51 56 60 65 10 75 80 84 89 
;,:, 
tT1 

Industrial 2 0 1 4 10 16 23 29 35 41 48 54 60 67 73 80 86 93 99 106 112 "' 0 
Exist. Commercial 1 0 2 10 22 38 57 77 96 115 134 153 172 191 210 229 249 268 287 306 325 C 

MF Res Weath 0 2 6 11 17 22 27 32 38 43 44 44 44 44 44 44 44 44 44 44 fl 
SF Res Weath 0 2 8 15 22 29 36 43 50 57 59 59 59 59 59 59 59 59 59 59 trl 

'"C 
Ex. Res. Lighhng-1 0 1 2 4 5 7 8 10 12 13 14 15 15 15 15 15 15 15 15 15 0 
High Cost Block 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 cl 

T, ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- 0 
Subtotal 0 23 75 146 237 347 457 569 683 799 906 1008 1110 1211 1315 1417 1513 1599 1685 1772 C 

0 
V, 

GENERATING RESOURCES: 
Hydro Eff Imp 0 0 0 10 20 30 35 35 35 35 35 35 35 35 35 35 35 35 35 35 
Small Hydro 1 0 0 0 0 0 0 14 29 43 52 62 71 76 76 76 76 76 76 76 76 
Combined Cycle 1 0 0 0 0 0 0 0 357 357 357 357 357 357 357 357 357 357 357 357 357 
Small Hydro 2 0 0 0 0 0 0 11 22 33 43 51 58 65 72 80 83 83 83 83 83 
Thermal Eff Imp 0 0 0 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 
Cogen 1 0 0 0 0 40 160 280 400 420 420 420 420 420 420 420 420 420 420 420 420 
Cogen 2 0 0 0 0 0 0 0 41 49 49 49 49 49 49 49 49 49 49 49 49 
Combined Cycle 2 0 0 0 0 0 0 0 0 0 357 357 357 357 357 357 357 357 357 357 357 
Mun. Solid Waste 0 0 0 0 0 0 0 0 0 8 8 8 8 15 15 15 15 23 23 30 
Cogen 3 0 0 0 0 0 0 0 0 328 416 520 624 768 912 960 960 960 960 960 960 
Wind 1 0 0 0 0 0 0 0 0 17 17 17 17 17 17 29 29 29 29 29 29 
Geothermal 0 0 0 0 0 0 0 0 105 105 105 105 105 105 175 175 245 245 245 280 
Small Hydro 3 0 0 0 0 0 0 0 0 0 0 0 15 26 33 41 55 66 77 89 100 
E. Mont Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 298 298 597 597 895 
Cogen 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 32 32 72 72 72 96 
E. Wash Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
E. Oregon Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
W. Wa/Or Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nevada Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Wind 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Small Hydro 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Biomass 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Wind 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Replacement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Subtotal 0 0 0 60 110 240 390 934 1437 1909 2031 2166 2333 2498 2676 2991 3112 3430 3442 3817 2; .,, 
Total Firm Resources 9519 9554 9601 9493 9561 9727 9822 10313 10811 11279 11457 11645 11889 12101 12336 12595 12758 13171 13288 13514 trl z 

0 

Load/Resource Balance 121 -83 -237 -542 -679 -723 -837 -545 -237 51 57 59 108 104 102 117 52 231 101 87 x 
0, I 0 
-.., I 

0:, 
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Study ID :5-APR-91 13:19:47 z 
0 

Study Title:DIVERSE SUPPLY SCENARIO - MEDIUM HIGH LOADS x 
0 

SYSTEM SUMMARY:Observed Loads and Resources (Avg MW),PARTY = Generating Publics I 

"' 
Operating Year 90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05 05-06 06-07 07-08 08-09 09-10 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ---· 
Observed Load 4705 4830 4935 5038 5144 5252 5361 5464 5568 5667 5754 5849 5949 6061 6183 6309 6427 6548 6676 6801 

Observed Rate 2.67% 2.18% 2.09% 2.10% 2.11% 2.07% 1.92% 1.89% 1.78% 1.54% 1.64% 1.71% 1.88% 2.02% 2.04% 1.87% 1.88% 1.96% 1.86% 

Existing Resources 2445 2432 2450 2468 2451 2435 2434 2433 2411 2390 2394 2398 2381 2365 2372 2496 2559 2559 2559 2699 

BP A Requirements 2260 2398 2485 2571 2693 2817 2927 2880 2999 3113 3192 3278 3389 3511 3621 3622 3675 3790 3912 3897 

CONSERVATION PROGRAMS: 
Water Heat 1 0 0 0 0 3 8 14 20 26 32 39 H 54 62 69 77 82 84 85 85 

New Commercial 1 0 0 1 3 7 11 16 20 25 30 35 40 45 51 56 62 67 73 79 85 

Commercial R&R 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

New SF Res 1 0 0 1 2 3 5 7 8 10 12 14 16 18 20 22 24 25 27 29 31 
New MF Res 1 0 0 0 0 0 1 1 1 1 1 1 2 2 2 2 2 3 3 3 3 

New Manuf Housing 1 0 0 1 2 3 4 6 8 10 11 13 15 17 19 21 22 24 26 28 29 

New Res Light 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Wtr Htr Heat Pumps 0 0 0 0 1 2 3 4 5 6 8 9 10 12 13 14 16 17 18 20 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Subtotal 0 0 3 7 17 31 47 61 77 92 110 129 146 166 183 201 217 230 242 253 

GENERA TING RESOURCES: 
Replacement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Subtotal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 I a Total Firm Resources 4705 4831 4938 5045 5160 5283 5407 5374 5487 5596 5696 5804 5917 6041 6176 6320 6451 6578 6712 6849 ~ 

Load/Resource Bala.nee 0 1 3 7 16 31 45 -91 -81 -71 -58 -44 -32 -20 -7 11 24 30 36 49 i z 
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z Study ID :5-APR-91 13:19:47 tr1 
0 ~ 
1.'.l 

Study Title:DIVERSE SUPPLY SCENARIO - MEDIUM HIGH LOADS 

:i: z 
:,! SYSTEM SUMMARY:Observed Loads and Resources (Avg MW),PARTY = REGION 1ii 
tr1 ::l 
Vl n 
-l Operating Year 90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05 05-06 06-07 07-08 08-09 09-10 ;,, 

6 ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- .----- m 
:,! Observed Lo"d 17183 17608 17949 18303 18682 19072 19464 19837 20197 20542 20869 21222 21587 21993 22438 22895 23325 23764 24230 24683 0 
tr1 C 
;,, Observed Rate 2.47% 1.94% 1.97% 2.07% 2.09% 2.06% 1.91% 1.82% 1.71% 1.59% 1.69% 1.72% 1.88% 2.02% 2.04% 1.88% 1.89% 1.96% 1.87% f5 "0 DSI Firm Load 2282 2230 2237 2244 2228 2212 2211 2211 2211 2210 2197 2183 2170 2170 2170 2170 2170 2170 2170 2170 tr1 

i Vl 
n 

I Existing Resources 19300 19286 19239 19193 19150 19106 19071 19036 18849 18663 18611 18559 18449 18306 18276 18247 18263 18278 18304 18199 :i: 

< tr1 

0 0 
r CONSERVATION PROGRAMS: C 
C r 

Water Heat 1 0 0 0 0 13 38 65 94 123 152 185 220 255 292 328 364 388 397 403 406 tr1 s: Vl 
tr1 New Commercial 1 0 2 7 16 34 58 82 107 133 160 187 215 243 273 304 333 363 395 426 460 2l = Commercial R&R 1 0 8 16 24 32 40 48 56 65 72 80 89 96 104 113 120 128 137 145 152 ;,, 

New SF Res 1 0 0 4 7 13 19 27 33 41 49 56 64 72 80 89 97 104 111 119 127 -l 
New MF Res 1 0 0 0 1 1 4 4 5 5 6 8 9 10 11 11 13 15 15 16 16 51 
New Manuf Housing 1 0 1 4 9 14 22 30 38 47 56 65 74 84 93 102 111 120 129 138 146 >-
New Res Light 1 0 0 1 2 5 7 9 12 13 15 18 20 23 25 28 30 32 35 37 39 [i 
Wtr Htr Heat Pumps 0 0 1 3 7 11 16 21 27 32 39 45 50 58 63 69 76 81 87 93 tr1 

BP A Contract Recall 64 128 192 242 242 242 242 292 292 292 292 292 292 292 292 292 292 292 292 292 ~ 
Cons. Volt. Reg. 0 5 15 25 35 45 56 65 75 85 93 96 98 100 100 100 100 100 100 100 ~ 
Industrial 1 0 4 12 30 48 66 86 104 122 140 157 172 189 207 226 245 263 282 301 319 ~ Irrigation 1 0 0 2 4 5 7 9 11 12 14 16 17 19 20 22 24 25 27 29 30 ;,, 
T&D Effie Impr 0 5 15 25 35 45 55 65 75 85 92 97 105 114 124 134 145 155 164 174 m 
Industrial 2 0 2 8 20 32 46 58 70 82 96 107 117 129 141 155 167 181 193 207 219 0 
Exist. Commercial 1 0 3 15 33 57 86 116 144 173 202 230 256 283 312 341 370 399 428 456 485 C 

MF Res Weath 0 3 8 14 22 28 35 41 48 55 57 57 57 57 57 57 57 57 57 57 f5 
tr1 

SF Res Weath 0 5 17 31 46 60 75 89 104 118 123 123 123 123 123 123 123 123 123 123 "0 

Ex. Res. Lighting-I 0 1 2 4 5 7 8 10 12 13 14 15 15 15 15 15 15 15 15 15 0 
High Cost Block 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 1.'.l 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- 2l 
Subtotal 64 167 319 490 646 831 1021 1257 1449 1642 1819 1978 2143 2317 2493 2664 2826 2972 3115 3258 r 

6 
Vl 

GENERA TING RESOURCES: 
Hydro Eff Imp 0 0 0 25 50 75 95 110 110 110 110 110 110 110 110 110 110 110 110 110 
Small Hydro 1 0 0 0 0 0 0 19 39 57 66 76 85 90 90 90 90 90 90 90 90 
Combined Cycle 1 0 0 0 0 0 0 0 357 714 714 1071 1071 1071 1071 1071 1071 1071 1071 1071 1071 
Small Hydro 2 0 0 0 0 0 0 11 22 40 54 62 72 79 86 94 97 97 97 101 101 
WNP 3 0 0 0 0 0 0 0 0 0 0 0 0 0 868 868 868 868 868 868 868 
Thermal Eff Imp 0 0 0 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 
Cogen 1 0 0 0 0 40 160 280 400 420 420 420 420 420 420 420 420 420 420 460 480 
Cogen 2 0 0 0 0 0 0 0 41 49 49 49 49 49 49 49 49 49 49 49 49 
WNP 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Combined Cycle 2 0 0 0 0 0 0 0 0 0 357 357 357 357 357 357 357 357 357 357 357 
Mun. Solid Waste 0 0 0 0 0 0 0 0 0 8 8 8 8 15 15 15 15 23 23 30 
Cogen 3 0 0 0 0 0 0 0 0 328 416 520 624 768 912 960 960 960 960 960 960 
Wind 1 0 0 0 0 0 0 0 0 17 17 17 17 17 17 29 29 29 29 29 29 
Geothermal 0 0 0 0 0 0 0 0 105 105 105 105 105 105 175 175 245 245 245 280 
Small Hydro 3 0 0 0 0 0 0 0 0 0 0 0 15 26 33 41 55 66 77 89 100 
E. Mont Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 298 298 597 597 895 
Cogen 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 32 32 72 72 72 96 
E. Wash Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
E. Oregon Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
W. Wa/Or Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nevada Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Wind 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Small Hydro 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Biomass 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Wind 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Replacement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- "0 
tr1 

Subtotal 0 0 0 81 146 291 461 1025 1896 2372 2851 2989 3156 4189 4367 4682 4803 5121 5177 5572 z 
0 

Total Firm Resources 19365 19455 19558 19765 19942 20227 20548 21317 22195 22680 23281 23528 23751 24817 25137 25597 25892 26370 26593 27032 >< 
::::: I 0 

I 
--0 Load/Resource Balance -100 -383 -628 -781 -969 -1057 -1127 -731 -213 -73 215 122 -6 654 530 533 398 436 193 179 0, 



~ I I ~ 
ITT 

Study ID :5-APR-91 13:20:33 

I ~ Study Title:DIVERSE SUPPLY SCENARIO - MEDIUM LOADS 

SYSTEM SUMMARY:Observed Loads and Resources (Avg MW),PARTY = BPA 

Operating Year 90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05 05-06 06-07 07-08 08-09 09-10 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
0 bserved Load 3028 3063 3082 3117 3160 3207 3261 3313 3365 3415 3464 3514 3566 3623 3689 3759 3829 3899 3969 4041 

Observed Rate 1.16% 0.63% 1.12% 1.39% 1.51% 1.68% 1.60% 1.56% 1.48% 1.42% 1.46% 1.46% 1.62% 1.82% 1.88% 1.87% 1.83% 1.80% 1.80% 

DSI Firm Load 2184 2154 2123 2093 2063 2032 2002 2002 2002 2002 2002 2002 2002 2002 2002 2002 2002 2002 2002 2002 

Existing Resources 7444 7462 7450 7438 7484 7530 7661 7792 7747 7703 7698 7692 7623 7553 7560 7566 7572 7577 7583 7577 

BP A Requirements -2273 -2384 -2489 -2347 -2426 -2510 -2584 -2522 -2606 -2687 -2740 -2795 -2874 -2964 -3043 -3015 -3045 -3135 -3223 -3179 

CONSERVATION PROGRAMS: 
Water Heat 1 0 0 0 0 3 8 14 20 26 33 40 48 56 64 71 79 84 86 87 88 

New Commercial 1 0 0 1 1 3 5 7 10 12 14 16 19 21 24 27 29 32 34 37 40 

Commercial R&R 1 0 2 5 7 10 12 15 17 19 22 24 27 29 32 34 36 39 41 44 46 

New SF Res 1 0 0 1 1 3 4 5 7 8 10 11 13 14 16 17 19 20 22 23 25 

New MF Res 1 0 0 0 0 0 1 1 1 1 1 2 2 2 2 2 3 3 3 3 3 

New Manuf Housing 1 0 0 1 2 3 4 6 8 10 12 13 15 17 19 21 23 24 26 28 30 

New Res Light 1 0 0 0 1 2 2 3 4 5 6 6 7 8 9 10 11 11 12 13 14 

Wtr Htr Heat Pumps 0 0 0 0 1 1 2 3 4 6 7 8 9 10 11 12 14 15 16 17 

BP A Contract Recall 0 0 0 0 0 0 97 195 292 292 292 292 292 292 292 292 292 292 292 292 

Cons. Volt. Reg. 0 2 6 10 14 18 23 27 31 35 39 41 41 41 41 41 41 41 41 41 

Industrial 1 0 2 6 15 24 33 43 52 61 70 79 88 98 107 116 126 135 144 152 155 

Irrigation 1 0 0 1 2 2 3 4 5 5 6 7 7 8 9 9 10 11 11 12 13 
T&D Effie Impr 0 3 8 13 18 23 28 34 39 44 49 54 59 64 70 75 80 85 90 96 

Industrial 2 0 1 4 10 16 23 29 35 41 48 54 60 67 73 80 86 93 99 104 107 

Exist. Commercial 1 0 1 5 11 19 29 39 48 58 68 78 87 97 106 116 126 135 145 155 164 0 
ITT 

MF Res Wea.th 0 1 2 3 5 6 8 9 10 12 13 13 13 13 13 13 13 13 13 13 --l 

SF Res Wea.th 0 3 9 16 24 31 39 46 54 61 64 64 64 64 64 64 64 64 64 64 ITT 

Ex. Res. Lighting-1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ 
High Cost Block 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 'z 

vi ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- :l 
Subtotal 0 15 49 92 147 203 363 521 676 740 794 845 895 945 994 1045 1091 1133 1174 1208 () 

Gi 
GENERA TING RESOURCES: C/l 

Hydro Eff Imp 0 0 0 0 0 0 0 0 15 30 45 45 60 75 75 75 75 75 75 75 
0 
C: 

Small Hydro 1 0 0 0 0 0 0 0 0 0 0 0 0 0 5 10 14 14 14 14 14 ~ 
Combined Cycle 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 357 357 357 357 ITT 

Small Hydro 2 0 0 0 0 0 0 0 0 0 4 4 4 7 7 11 14 14 14 14 14 C/l 
() 

WNP 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 :c 
ITT 

Thermal Eff Imp 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 6 6 6 6 6 0 

Cogen 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 20 C: 
r 

Cogen 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 m 
WNP 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 'Tl 

Combined Cycle 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
;,, 

:£ Mun. Solid Waste 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 --l 

~ Cogen 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ 
z Wind 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ;,,. 
0 
:':l Geothermal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Ci 

Small Hydro 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ITT 
:c 0 0 0 0 0 0 

~ 

~ 
E. Mont Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Cogen 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ 
..,, E. Wash Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ 
0 E. Oregon Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Gi ~ W. Wa/Or Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 C/l 
;,, Nevada Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ..,, 

Wind 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
C: 

~ ~ 
Small Hydro 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ITT 

I Biomass 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ..,, 
< Wind 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 :':l 
t: Replacement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 d 
3:: ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
ITT Subtotal 0 0 0 0 0 0 0 0 15 34 49 49 67 87 102 109 466 466 486 486 C 

0 
= C/l 

Total Firm Resources 5171 5094 5009 5185 5205 5225 5438 5788 5833 5787 5801 5792 5711 5621 5613 5705 6084 6043 6022 6092 

Load/Resource Balance -41 -123 -196 -25 -18 -15 175 473 466 370 336 276 144 -5 -78 -55 253 142 50 49 



0 ::§ t'Tl ..., 
Study ID :5-APR-91 13:20:33 t'Tl z 

~ 0 Study Title:DIVERSE SUPPLY SCENARIO - MEDIUM LOADS 
~ z ::r:: SYSTEM SUMMARY Observed Loads and Resources (Avg MW),PARTY = IOUs 1;i 
~ ..., 

n VJ Operating Year 90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05 05-06 06-07 07-08 08-09 09-10 
~ 

..., .,, 
----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----0 

Observed Load 9222 9357 9496 9618 9731 9856 9995 10127 10253 10372 10488 10609 10738 10891 11067 11253 11438 11624 11806 11990 0 ~ c:: t'Tl Observed Rate 1.46% 1.49% 1.28% 1.18% 1.28% 1.41% 1.32% 1.25% 1.16% 1.12% 1.16% 1.22% 1.42% 1.61% 1.68% 1.64% 1.63% 1.56% 1.56% ~ :,, .,, 
t'Tl 

~ Existing Resources 9411 9392 9340 9287 9214 9141 8976 8811 8691 8571 8520 8469 8445 8388 8344 8184 8132 8142 8161 7923 V, 
(") z ::r:: I BP A Requirements 107 138 188 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 t'Tl < 0 0 c:: 
r r CONSERVATION PROGRAMS: t'Tl c:: 
VJ i::: Water Heat 1 0 0 0 0 6 19 34 50 66 82 99 117 136 155 174 193 206 210 214 215 6 t'Tl New Commercial 1 0 1 4 8 17 31 44 58 73 88 103 119 135 151 168 184 201 218 236 254 = :,, Commercial R&R 1 0 5 10 14 19 24 29 34 38 43 48 53 57 62 67 72 77 81 86 91 ..., 

New SF Res 1 0 0 1 2 4 7 9 12 15 17 20 23 26 29 32 35 37 40 43 46 Si New MF Res 1 0 0 0 1 1 2 2 3 4 4 5 5 6 7 7 8 9 9 10 10 ;,. 
New Manuf Housing 1 0 1 2 4 7 12 16 21 26 31 36 41 45 50 55 60 65 70 74 79 s:j 
New Res Light 1 0 0 1 1 2 s 4 6 7 8 9 10 12 13 14 15 16 18 19 20 t'Tl 

:,, Wtr Htr Heat Pumps 0 0 1 2 4 6 8 10 13 15 18 21 23 26 29 31 34 36 39 42 z 
Cons. Volt. Reg. 0 3 9 15 21 27 33 38 44 50 56 59 59 59 59 59 59 59 59 59 ::i Industrial 1 0 2 6 15 24 33 43 52 61 70 79 88 98 107 116 126 135 144 152 155 ~ Irrigation 1 0 0 1 2 s 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

~ T&D Effie Impr 0 2 7 12 17 22 27 31 36 41 46 51 56 60 65 70 75 80 84 89 
Industrial 2 0 1 4 10 16 23 29 35 41 48 54 60 67 73 80 86 93 99 104 107 0 
Exist. Commercial 1 0 2 10 22 38 57 77 96 115 134 153 172 191 210 229 249 268 287 306 325 c:: 
MF Res Wee.th 0 2 6 11 17 22 27 32 38 43 44 44 44 44 44 44 44 44 44 44 ~ 

t'Tl SF Res Wee.th 0 2 8 15 22 29 36 43 50 57 59 59 59 59 59 59 59 59 59 59 .,, 
Ex. Res. Lighting-I 0 1 2 4 5 7 8 10 12 13 14 15 15 15 15 15 15 15 15 15 0 

q High Cost Block 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 
6 ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----Subtotal 0 22 72 138 223 328 431 537 646 752 852 947 1040 1132 1226 1320 1408 1485 1561 1631 5 

GENERA TING RESOURCES: 
VJ 

Hydro Eff Imp 0 0 0 5 15 25 35 35 35 35 35 35 35 35 35 35 35 35 35 35 
Small Hydro 1 0 0 0 0 0 0 14 29 43 52 62 71 76 76 76 76 76 76 76 76 
Combined Cycle 1 0 0 0 0 0 0 0 357 357 357 357 357 357 357 357 357 357 357 357 357 
Small Hydro 2 0 0 0 0 0 0 11 22 33 43 51 58 65 72 72 80 87 87 87 87 
Thermal Eff Imp 0 0 0 0 0 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 Cogen 1 0 0 0 0 0 80 240 240 380 420 420 420 420 420 420 420 420 420 420 420 Cogen 2 0 0 0 0 0 0 0 0 8 41 49 49 49 49 49 49 49 49 49 49 
Combined Cycle 2 0 0 0 0 0 0 0 0 0 0 0 0 0 357 357 357 357 357 357 357 
Mun. Solid Waste 0 0 0 0 0 0 0 0 0 8 8 8 8 8 8 15 15 23 23 so Cogen S 0 0 0 0 0 0 0 0 0 88 128 192 296 296 296 400 544 632 712 960 
Wind 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 17 
Geothermal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 70 
Small Hydro S 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7 
E. Mont Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cogen 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
E. Wash Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
E. Oregon Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
W. Wa/Or Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Nevada Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Wind 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Small Hydro 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Biomass 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Wind S 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Replacement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----Subtotal 0 0 0 5 15 155 350 733 906 1094 1160 1240 1356 1720 1720 1839 1990 2086 2172 2515 ;,. .,, .,, 
Tota.I Firm Resources 9519 9553 9599 9432 9454 9622 9756 10080 10241 10418 10533 10658 10842 11242 11292 11345 

t'Tl 
11530 11715 11896 12072 z 

0 
Load/Resource Balance 297 196 102 -186 -277 -234 -239 -47 -13 46 45 48 103 351 225 92 92 91 90 82 x 

0 "" I ' ~ 0, 



~ I > .,, .,, 
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Study ID :5-APR-91 13:20:33 z 
0 

Study Title:DIVERSE SUPPLY SCENARIO - MEDIUM LOADS x 
SYSTEM SUMMARY:Observed Loads and Resources (Avg MW),PARTY = Generating Publics 

0 
I 

"' 
Operating Year 90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05 05-06 06-07 07-08 08-09 09-10 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Observed Load 4611 4678 4751 4815 4877 4945 5018 5088 5155 5218 5277 5340 5406 5485 5575 5670 5764 5859 5951 6045 

Observed Rate 1.46% 1.55% 1.35% 1.29% 1.39% 1.48% 1.39% 1.31% 1.22% 1.14% 1.18% 1.24% 1.45% 1.64% 1.71% 1.66% 1.64% 1.58% 1.58% 

Existing Resources 2445 2432 2450 2468 2451 2435 2434 2433 2411 2390 2394 2398 2381 2365 2372 2496 2559 2559 2559 2699 

BP A Requirements 2166 2246 2301 2347 2426 2510 2584 2522 2606 2687 2740 2795 2874 2964 3043 3015 3045 3135 3223 3179 

CONSERVATION PROGRAMS: 
Water Heat 1 0 0 0 0 2 7 13 18 24 30 37 44 52 59 66 73 77 79 80 81 

New Commercial 1 0 0 1 2 5 9 12 16 20 24 27 31 36 40 44 49 53 57 62 67 
Commercial R&R 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
New SF Res 1 0 0 1 1 2 4 5 6 8 9 10 12 13 15 16 17 19 20 22 23 

New MF Res 1 0 0 0 0 0 0 1 1 1 1 1 2 2 2 2 2 3 3 3 3 
New Manuf Housing 1 0 0 1 2 3 4 6 7 9 11 12 14 16 17 19 21 23 24 26 27 
New Res Light 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Wtr Htr Heat Pumps 0 0 0 0 1 1 2 3 4 5 6 7 8 9 10 11 13 14 15 16 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Subtotal 0 0 3 5 13 25 39 51 66 80 93 110 127 142 157 173 188 197 208 217 

GENERA TING RESOURCES: 
Replacement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Subtotal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Tota.I Firm Resources 4611 4679 4754 4821 4890 4970 5056 5007 5083 5156 5228 5303 5381 5471 5573 5685 5791 5891 5989 6095 I I Load/Resource Balance 0 1 3 6 13 25 38 -81 -72 -62 -49 -36 -25 -14 -2 15 26 32 38 50 
z 
vi 
::l 
(") 

" tr! 
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z Study ID :5-APR-91 13:20:33 
@ 

0 ~ q Study Title:DIVERSE SUPPLY SCENARIO - MEDIUM LOADS 

:i: z 
~ SYSTEM SUMMARY:Observed Loads and Resources (Avg MW),PARTY = REGION 1ii .., 
[/J i'i .., 

Operating Year 90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05 05-06 06-07 07-08 08-09 09-10 

i 6 ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
~ Observed Load 16861 17098 17329 17550 17768 18008 18274 18529 18773 19005 19229 19463 19710 19999 20332 20682 21031 21382 21726 22076 

Observed Rate 1.41% 1.35% 1.27% 1.25% 1.35% 1.48% 1.39% 1.32% 1.23% 1.18% 1.22% 1.27% 1.47% 1.66% 1.72% 1.69% 1.67% 1.61% 1.61% 
C: 

;,:, Fi "tl DSI Firm Load 2184 2154 2123 2093 2063 2032 2002 2002 2002 2002 2002 2002 2002 2002 2002 2002 2002 2002 2002 2002 

i 
tTl 
Cll 

Existing Resources 19300 19286 19239 19193 19106 19071 19036 18849 18663 18611 18559 18449 18306 18276 18247 18263 18278 18304 18199 
n 

I 19150 :i: 

< tTl 

0 0 
r CONSERVATION PROGRAMS: C: 
C: Water Heat 1 0 0 0 0 11 34 61 88 116 145 176 209 244 278 311 345 367 375 381 384 r 
::: tTl 

New Commercial 1 0 1 6 11 25 45 63 84 105 126 146 169 192 215 239 262 286 309 335 361 (I) 

tTl 6 := Commercial R&R 1 0 7 15 21 29 36 44 51 57 65 72 80 86 94 101 108 116 122 130 137 
New SF Res 1 0 0 3 4 9 15 19 25 31 36 41 48 53 60 65 71 76 82 88 94 

;,:, .., 
New MF Res 1 0 0 0 1 1 3 4 5 6 6 8 9 10 11 11 13 15 15 16 16 :i: 

New Manuf Housing 1 0 1 4 8 13 20 28 36 45 54 61 70 78 86 95 104 112 120 128 136 
tTl 

New Res Light 1 0 0 1 2 4 5 7 10 12 14 15 17 20 22 24 26 27 30 32 34 ~ 
Wtr Htr Heat Pumps 0 0 1 2 6 8 12 16 21 26 31 36 40 45 50 54 61 65 70 75 tTl 

;,:, 
BP A Contract Recall 0 0 0 0 0 0 97 195 292 292 292 292 292 292 292 292 292 292 292 292 z 
Cons. Volt. Reg. 0 5 15 25 35 45 56 65 75 85 95 100 100 100 100 100 100 100 100 100 ::\ 
Industrial 1 0 4 12 30 48 66 86 104 122 140 158 176 196 214 232 252 270 288 304 310 ~ Irrigation 1 0 0 2 4 5 7 9 11 12 14 16 17 19 21 22 24 26 27 29 31 

T&D Effie Impr 0 5 15 25 35 45 55 65 75 85 95 105 115 124 135 145 155 165 174 185 Gl 
Industrial 2 0 2 8 20 32 46 58 70 82 96 108 120 134 146 160 172 186 198 208 214 (I) 

0 
Exist. Commercial 1 0 3 15 33 57 86 116 144 173 202 231 259 288 316 345 375 403 432 461 489 C: 

MF Res Weath 0 3 8 14 22 28 35 41 48 55 57 57 57 57 57 57 57 57 57 57 f5 
SF Res Weath 0 5 17 31 46 60 75 89 104 118 123 123 123 123 123 123 123 123 123 123 tTl 

"tl 

Ex. Res. Lighting-I 0 1 2 4 5 7 8 10 12 13 14 15 15 15 15 15 15 15 15 15 0 

High Cost Block 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 q 
----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- 6 

Subtotal 0 37 124 235 383 556 833 1109 1388 1572 1739 1902 2062 2219 2377 2538 2687 2815 2943 3056 r 
0 
u, 

GENERA TING RESOURCES: 
Hydro Eff Imp 0 0 0 5 15 25 35 35 50 65 80 80 95 110 110 110 110 110 110 110 
Small Hydro 1 0 0 0 0 0 0 14 29 43 52 62 71 76 81 86 90 90 90 90 90 
Combined Cycle 1 0 0 0 0 0 0 0 357 357 357 357 357 357 357 357 357 714 714 714 714 
Small Hydro 2 0 0 0 0 0 0 11 22 33 47 55 62 72 79 83 94 101 101 101 101 
WNP 3 0 0 0 0 0 0 0 0 0 0 0 0 ,0 0 0 0 0 0 0 0 
Thermal Eff Imp 0 0 0 0 0 50 50 50 50 50 50 50 50 50 56 56 56 56 56 56 
Cogen 1 0 0 0 0 0 80 240 240 380 420 420 420 420 420 420 420 420 420 440 440 
Cogen 2 0 0 0 0 0 0 0 0 8 41 49 49 49 49 49 49 49 49 49 49 
WNP 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Combined Cycle 2 0 0 0 0 0 0 0 0 0 0 0 0 0 357 357 357 357 357 357 357 
Mun. Solid Waste 0 0 0 0 0 0 0 0 0 8 8 8 8 8 8 15 15 23 23 30 
Cogen 3 0 0 0 0 0 0 0 0 0 88 128 192 296 296 296 400 544 632 712 960 
Wind 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 17 
Geothermal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 70 
Small Hydro 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7 
E. Mont Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cogen 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
E. Wash Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
E. Oregon Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
W. Wa/Or Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nevada Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Wind 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Small Hydro 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Biomass 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Wind 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Replacement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- "tl 
tTl 

Subtotal 0 0 0 5 15 155 350 733 921 1128 1209 1289 1423 1807 1822 1948 2456 2552 2658 3001 z 
0 

Total Firm Resources 19301 19326 19362 19437 19549 19817 20250 20875 21157 21361 21562 21753 21934 22333 22478 22735 23404 23649 23906 24259 x 
0, I 

:5 
Iv I 
w 

Load/Resource Balance 256 74 -91 -205 -282 -223 -26 345 382 354 331 288 222 332 145 52 372 265 178 181 0, 
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Study ID :5-APR-91 13:21:20 z 
0 

Study Title:DIVERSE SUPPLY SCENARIO - MEDIUM LOW LOADS x 
:; 

SYSTEM SUMMARY:Observed Loads and Resources (Avg MW),PARTY = BPA I 

"' 
Operating Year 90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05 05-06 06-07 07-08 08-09 09-10 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Observed Load 2983 2993 2988 3004 3036 3072 3111 3147 3182 3216 3249 3284 3320 3362 3412 3464 3514 3565 3616 3670 

Observed Rate 0.32% -0.18% 0.55% 1.08% 1.18% 1.27% 1.16% 1.10% 1.07% 1.02% 1.08% 1.10% 1.26% 1.49% 1.51% 1.45% 1.43% 1.45% 1.49% 
DSI Firm Load 2106 1973 1839 1705 1571 1437 1437 1436 1436 1436 1435 1435 1435 1434 1434 1434 1433 1433 1433 1433 

Existing Resources 7444 7462 7450 7438 7484 7530 7661 7792 7747 7703 7698 7692 7623 7553 7560 7566 7572 7577 7583 7577 

BP A Requirements -2191 -2243 -2303 -2128 -2178 -2233 -2278 -2202 -2258 -2313 -2343 -2376 -2429 -2492 -2545 -2488 -2489 -2550 -2612 -2543 

CONSERVATION PROGRAMS: 
Water Heat 1 0 0 0 0 2 7 13 19 25 31 38 46 54 61 68 75 79 81 82 83 

New Commercial 1 0 0 0 1 2 4 6 7 9 11 13 15 16 18 20 22 24 27 29 31 

Commercial R&R 1 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 so 32 34 36 38 

New SF Res 1 0 0 1 1 2 3 4 5 6 7 8 9 11 12 13 14 15 16 18 19 

New MF Res 1 0 0 0 0 0 0 1 1 1 1 2 2 2 2 2 s 3 s s s 
New Manuf Housing 1 0 0 1 1 2 4 5 7 9 10 12 14 16 17 19 21 22 24 26 27 

New Res Light 1 0 0 0 1 1 2 2 s 4 5 5 6 7 7 8 9 10 10 11 12 

Wtr Htr Heat Pumps 0 0 0 0 0 1 2 s 4 4 5 6 7 8 9 10 11 12 13 14 

BP A Contract Recall 0 0 0 0 0 0 0 0 0 0 97 195 292 292 292 292 292 292 292 292 
Cons. Volt. Reg. 0 2 6 10 14 18 23 27 31 35 35 35 35 35 35 35 35 35 35 35 

Ind us trial 1 0 2 6 15 24 33 43 52 61 70 70 70 70 70 70 70 70 70 70 70 
Irrigation 1 0 0 1 2 2 3 4 5 5 6 6 6 6 6 6 6 6 6 6 6 
T&D Effie Impr 0 3 8 13 18 23 28 34 39 44 44 44 44 44 44 44 44 44 44 44 
Industrial 2 0 1 4 10 16 23 29 35 41 48 48 48 48 48 48 48 48 48 48 48 
Exist. Commercial 1 0 1 5 11 19 29 39 48 58 68 68 68 68 68 68 68 68 68 68 68 0 

MF Res Weath 0 1 2 3 5 6 8 9 10 12 12 12 12 12 12 12 12 12 12 12 ::l 
SF Res Weath 0 3 9 16 24 31 39 46 54 61 61 61 61 61 61 61 61 61 61 61 trl 

" Ex. Res. Lighting-1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ::: 
High Cost Block 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 z 

ri'l ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ::l 
Subtotal 0 15 47 90 139 197 258 315 373 431 544 659 773 787 803 820 832 843 854 863 (l 

" GENERA TING RESOURCES: m 
0 

Hydro Eff Imp 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 C 
Small Hydro 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 fl 
Combined Cycle 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 trl 

Small Hydro 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
V, 
(l 

WNP 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ::i: 
trl 

Thermal Eff Imp 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Cogen 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 C r 
Cogen 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 m 
WNP 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 
Combined Cycle 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 " :§ Mun. Solid Waste 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ..., 
Cogen 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ::i: - trl 

z Wind 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 )> 

0 Geothermal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Ci 
::l Small Hydro 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 trl 
::i: ~ 
~ 

E. Mont Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cogen 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ ..., 
E. Wash Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ .,, 
E. Oregon Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 gj ~ W. Wa/Or Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

" Nevada Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .,, Wind 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 C 

~ Small Hydro 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 fl 
z trl 

I 
Biomass 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .,, 

< Wind 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 Replacement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ::l 
r 6 C ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----s: Subtotal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 trl 
::: V, 

Total Firm Resources 5252 5234 5194 5401 5448 5496 5638 5904 5861 5821 5899 5974 5965 5847 5818 5897 5915 5869 5823 5895 

Load/Resource Be.lance 163 269 367 693 840 986 1090 1320 1243 1169 1214 1254 1209 1051 972 1000 967 871 774 792 



C, :§ m ..., 
Study ID :5-APR-91 13:21 :20 m z 

~ 0 Study Title:DIVERSE SUPPLY SCENARIO - MEDIUM LOW LOADS 
~ z ::i: SYSTEM SUMMARY:Observed Loads and Resources (Avg MW),PARTY = IOUs cil 
~ ..., 

n ;:'.j Operating Year 90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05 05-06 06-07 07-08 08-09 09-10 " "' ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- fJl 0 
Observed Load 9075 9108 9161 9219 9283 9356 9441 9513 9582 9648 9713 9786 9863 9962 10084 10210 10333 10459 10583 10715 0 ~ C 

" 
Observed Rate 0.37% 0.58% 0.64% 0.70% 0.78% 0.91% 0.77% 0.72% 0.69% 0.68% 0.75% 0.78% 1.00% 1.22% 1.25% 1.21% 1.22% 1.19% 1.24% fl 

"' m t'" Existing Resources 9411 9392 9340 9287 9214 9141 8976 8811 8691 8571 8520 8469 8445 8388 8344 8184 8132 8142 8161 7923 "' :,. 
(") z :t 

I m BP A Requirements 107 138 188 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 C, < 
C 0 
t'" t'" CONSERVATION PROGRAMS: 
fJl C 

~ Water Heat 1 0 0 0 0 6 18 32 47 62 78 94 112 130 148 166 183 194 198 201 203 d m New Commercial 1 0 1 2 6 13 24 34 45 56 68 79 91 104 116 129 142 155 168 182 197 = " Commercial R&R 1 0 4 8 12 16 20 23 27 31 35 39 43 47 51 55 59 63 66 70 74 ..., 
New SF Res 1 0 0 1 2 3 5 7 9 11 13 15 17 19 22 24 26 28 30 32 35 ::i: 

m New MF Res 1 0 0 0 1 1 1 2 3 3 4 5 5 6 7 7 8 9 9 10 10 
~ New Manuf Housing 1 0 1 2 3 6 10 14 18 23 28 32 37 42 46 51 55 60 64 68 73 New Res Light 1 0 0 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 m 

Wtr Htr Heat Pumps 0 0 1 2 3 4 6 8 10 12 14 16 19 21 23 25 27 29 31 34 ~ 
Cons. Volt. Reg. 0 3 9 15 21 27 33 38 44 50 56 59 59 59 59 59 59 59 59 59 2'i Industrial 1 0 2 6 15 24 33 43 52 61 70 79 88 98 107 116 126 135 143 147 148 ~ Irrigation 1 0 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

" T&D Effie Impr 0 2 7 12 17 22 27 31 36 41 46 51 56 60 65 70 75 80 84 89 m 
Vl Ind us trial 2 0 1 4 10 16 23 29 35 41 48 54 60 67 73 80 86 92 95 95 95 0 

Exist. Commercial 1 0 2 10 22 38 57 77 96 115 134 153 172 191 210 229 249 268 287 306 325 C 

~ MF Res Weath 0 2 6 11 17 22 27 32 38 43 44 44 44 44 44 44 44 44 44 44 m SF Res Weath 0 2 8 15 22 29 36 43 50 57 59 59 59 59 59 59 59 59 59 59 6 Ex. Res. Lighting-I 0 1 2 4 5 7 8 10 12 13 13 13 14 14 15 15 15 15 15 15 
~ High Cost Block 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
d ----- ----- ----- ----- ----- ----- ----- ----- ----- --... -- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----Subtotal 0 21 67 133 213 309 407 505 606 709 799 886 976 1060 1147 1233 1312 1377 1436 1495 5 
"' GENERA TING RESOURCES: 

Hydro Eff Imp 0 0 0 0 5 15 25 35 35 35 35 35 35 35 35 35 35 35 35 35 Small Hydro 1 0 0 0 0 0 0 5 19 33 33 33 43 52 62 71 76 76 76 76 76 Combined Cycle 1 0 0 0 0 0 0 0 0 357 357 357 357 357 357 357 357 357 357 357 357 Small Hydro 2 0 0 0 0 0 0 0 0 0 7 11 11 11 22 29 40 47 54 62 69 Thermal Eff Imp 0 0 0 0 0 0 0 50 50 50 50 50 50 50 50 50 50 50 50 50 Cogen 1 0 0 0 0 0 0 0 0 0 0 0 0 40 80 140 260 360 400 420 420 Cogen 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 41 49 49 49 49 Combined Cycle 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 357 Mun. Solid Waste 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Cogen 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Wind 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Geothermal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Small Hydro 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 E. Mont Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Cogen 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 E. Wash Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 E. Oregon Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 W. Wa/Or Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Nevada Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Wind 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Small Hydro 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Biomass 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Wind 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Replacement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----Subtotal 0 0 0 0 5 15 30 104 475 482 486 496 545 606 682 859 974 1021 1049 1413 ?; 

"' Total Firm Resources 9519 9551 9595 9420 9432 9463 9411 9420 9773 9761 9807 9854 9965 10055 10175 10277 
m 

10418 10543 10650 10831 z 
C, 

Load/Resource Balance 444 443 434 201 149 108 -30 -93 191 114 94 68 102 94 91 68 85 84 67 116 
x 
s 

C0 I I 
~ Cl 



~ I ~ .,, 
trl 

Study ID :5-APR-91 13:21:20 z 
0 

Study Title:DIVERSE SUPPLY SCENARIO - MEDIUM LOW LOADS x 
SYSTEM SUMMARY:Observed Loads and Resources (Avg MW),PARTY = Generating Publics 

s 
I 
Ol 

Operating Year 90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05 05-06 06-07 07-08 08-09 09-10 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Observed Load 4529 4537 4565 4596 4630 4668 4712 4751 4788 4824 4860 4899 4938 4989 5051 5115 5179 5243 5308 5376 
Observed Rate 0.18% 0.61% 0.67% 0.74% 0.82% 0.95% 0.82% 0.79% 0.75% 0.74% 0.80% 0.80% 1.02% 1.25% 1.27% 1.24% 1.25% 1.23% 1.28% 

Existing Resources 2445 2432 2450 2468 2451 2435 2434 2433 2411 2390 2394 2398 2381 2365 2372 2496 2559 2559 2559 2699 

BP A Requirements 2084 2105 2115 2128 2178 2233 2278 2202 2258 2313 2343 2376 2429 2492 2545 2488 2489 2550 2612 2543 

CONSERVATION PROGRAMS: 
Water Heat 1 0 0 0 0 2 7 12 17 23 29 35 42 49 56 63 69 73 75 76 76 
New Commercial 1 0 0 1 2 4 7 9 12 15 18 21 24 27 31 34 37 41 44 48 52 
Commercial R&R 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
New SF Res 1 0 0 0 1 2 3 3 5 6 7 8 9 10 11 12 13 14 15 16 17 
New MF Res 1 0 0 0 0 0 0 1 1 1 1 1 2 2 2 2 2 3 3 3 3 
New Manuf Housing 1 0 0 1 1 2 3 5 6 8 10 11 13 14 16 18 19 21 22 24 25 
New Res Light 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Wtr Htr Heat Pumps 0 0 0 0 0 1 2 2 3 4 5 6 7 8 8 9 10 11 12 13 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Subtotal 0 0 2 4 10 21 32 43 56 69 81 96 109 124 137 149 162 170 179 186 

GENERA TING RESOURCES: 
Replacement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Subtotal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Total Firm Resources 4529 4538 4567 4600 4640 4689 4744 4679 4725 4771 4818 4869 4920 4981 5054 5135 5209 5279 5349 5428 I I Load/Resource Balance 0 1 2 4 11 21 32 -72 -63 -53 -42 -29 -18 -8 3 20 31 36 41 52 
z 
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R 

m 
0 c:: 
Pi 
trl 
V, 
(') 
:i: 
trl 
ti c:: 
t"' 

~ 
2l 
;o 

:8 
..., 
:i: - trl 

z :,.. 
0 ~ :':l trl 
:i: ~ 
~ ~ V, ..., 

~ 6 
:E m trl 
;o 0 .,, C: 

~ Pi 
trl 

I 
.,, 

< 0 
0 :':l 
t"' 2l c:: 
::: B trl 

= V, 



:§ 
c:, 
trl ..., 

z Study ID :5-APR-91 13:21:20 trl 

0 Study Title:DIVERSE SUPPLY SCENARIO - MEDIUM LOW LOADS ~ 
~ z 
:i:: 

SYSTEM SUMMARY:Observed Loads and Resources (Avg MW),PARTY = REGION ~ :E 
trl 
"' n ..., 

Operating Year 90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05 05-06 06-07 07-08 08-09 09-10 
~ c3 ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----

:E 0 bserved Load 16587 16638 16713 16819 16949 17096 17264 17412 17552 17688 17822 17969 18121 18312 18547 18789 19026 19267 19508 19760 0 
trl 

0.31% 0.45% 0.63% 0.78% 0.87% 0.98% 0.85% 0.81% 0.77% 0.76% 0.83% 0.85% 1.05% 1.28% 1.31% 1.26% 1.27% 1.25% 1.30% 
C 

;,, 0 bserved Rate ~ .,, DSI Firm Load 2106 1973 1839 1705 1571 1437 1437 1436 1436 1436 1435 1435 1435 1434 1434 1434 1433 1433 1433 1433 

~ 
trl 

"' 
18276 18278 18304 1819~ 

n 
I Existing Resources 19300 19286 19239 19193 19150 19106 19071 19036 18849 18663 18611 18559 18449 18306 18247 18263 :i:: 

trl 
< c:, 
0 CONSERVATION PROGRAMS: C r r 
C Water Heat 1 0 0 0 0 10 32 57 83 110 138 167 200 233 265 297 327 346 354 359 362 trl 
::: New Commercial 1 0 1 3 9 19 35 49 64 80 97 113 130 147 165 183 201 220 239 259 280 "' trl 6 = Commercial R&R 1 0 6 12 18 24 30 35 41 47 53 59 65 71 77 83 89 95 100 106 112 

New SF Res 1 0 0 2 4 7 11 14 19 23 27 31 35 40 45 49 53 57 61 66 71 
;,, ..., 

New MF Res 1 0 0 0 1 1 1 4 5 5 6 8 9 10 11 11 13 15 15 16 16 :i:: 
trl 

New Manuf Housing 1 0 1 4 5 10 17 24 31 40 48 55 64 72 79 88 95 103 110 118 125 ~ 
New Res Light 1 0 0 0 2 3 5 6 8 10 12 13 15 17 18 20 22 24 25 27 29 t:i 
Wtr Htr Heat Pumps 0 0 1 2 3 6 10 13 17 20 24 28 33 37 40 44 48 52 56 61 trl 

BP A Contract Recall 0 0 0 0 0 0 0 0 0 0 97 195 292 292 292 292 292 292 292 292 ~ 
Cons. Volt. Reg. 0 5 15 25 35 45 56 65 75 85 91 94 94 94 94 94 94 94 94 94 ~ 
Industrial 1 0 4 12 30 48 66 86 104 122 140 149 158 168 177 186 196 205 213 217 218 ~ 
Irrigation 1 0 0 2 4 5 7 9 11 12 14 15 16 17 18 19 20 21 22 23 24 

T&D Effie Impr 0 5 15 25 35 45 55 65 75 85 90 95 100 104 109 114 119 124 128 133 Gi 
Industrial 2 0 2 8 20 32 46 58 70 82 96 102 108 115 121 128 134 140 143 143 143 "' 0 
Exist. Commercial 1 0 3 15 33 57 86 116 144 173 202 221 240 259 278 297 317 336 355 374 393 C 

MF Res Weath 0 3 8 14 22 28 35 41 48 55 56 56 56 56 56 56 56 56 56 56 ~ 
SF Res Weath 0 5 17 31 46 60 75 89 104 118 120 120 120 120 120 120 120 120 120 120 trl .,, 
Ex. Res. Lighting-1 0 1 2 4 5 7 8 10 12 13 13 13 14 14 15 15 15 15 15 15 0 

High Cost Block 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ 
----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- 6 

Subtotal 0 36 116 227 362 527 697 863 1035 1209 1424 1641 1858 1971 2087 2202 2306 2390 2469 2544 C 
0 
"' 

GENERA TING RESOURCES: 
Hydro Eff Imp 0 0 0 0 5 15 25 35 35 35 35 35 35 35 35 35 35 35 35 35 

Small Hydro 1 0 0 0 0 0 0 5 19 33 33 33 43 52 62 71 76 76 76 76 76 

Combined Cycle 1 0 0 0 0 0 0 0 0 357 357 357 357 357 357 357 357 357 357 357 357 

Small Hydro 2 0 0 0 0 0 0 0 0 0 7 11 11 11 22 29 40 47 54 62 69 

WNP 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Thermal Eff Imp 0 0 0 0 0 0 0 50 50 50 50 50 50 50 50 50 50 50 50 50 

Cogen 1 0 0 0 0 0 0 0 0 0 0 0 0 40 80 140 260 360 400 420 420 

Cogen 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 41 49 49 49 49 

WNP 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Combined Cycle 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 357 

Mun. Solid Waste 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Cogen 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Wind 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Geothermal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Small Hydro 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

E. Mont Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Cogen 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
E. Wash Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
E. Oregon Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
W. Wa/Or Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nevada Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Wind 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Small Hydro 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Biomass 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Wind 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Replacement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ 
----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- .,, 

trl 
Subtotal 0 0 0 0 5 15 30 104 475 482 486 496 545 606 682 859 974 1021 1049 1413 z c:, 

Toto.I Firm Resources 19301 19323 19355 19421 19520 19648 19793 20003 20359 20353 20524 20697 20849 20883 21046 21309 21542 21691 21822 22154 x 
~ 

"' I 
0 

'::l 
I 

Load/Resource Balance 607 713 803 898 1000 1115 1092 1155 1371 1229 1266 1293 1293 1136 1066 1087 1083 991 881 961 "' 
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Study ID :5-APR-91 13:28:16 
z 

Study Title:DIVERSE SUPPLY SCENARIO - LOW LOADS I : SYSTEM SUMMARY:Observed Loads and Resources (Avg MW),PARTY = BPA 

Operating Year 90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05 05-06 06-07 07-08 08-09 09-10 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Observed Load 2934 2915 2888 2881 2892 2907 2923 2936 2948 2958 2969 2982 2995 3012 3035 3058 3081 3103 3128 3155 

Observed Rate -0.63% -0.95% -0.24.% 0.37% 0.51% 0.55% 0.47% 0.41% 0.34% 0.36% 0.45% 0.44% 0.57% 0.74% 0.76% 0.75% 0.71% 0.80% 0.87% 

DSI Firm Load 1982 1781 1579 1378 1176 974 973 972 971 848 725 602 479 479 479 479 479 4.79 479 479 

Existing Resources 7444 7462 7450 7438 7484 7530 7661 7792 7747 7703 7698 7692 7623 7553 7560 7566 7572 7577 7583 7577 

BP A Requirements -2108 -2104 -2122 -1903 -1918 -1937 -1946 -1854 -1876 -1895 -1889 -1889 -1909 -1936 -1949 -1851 -1809 -1826 -1846 -1736 

CONSERVATION PROGRAMS: 
Water Heat 1 0 0 0 0 2 7 11 16 22 27 33 40 47 53 58 64 67 68 69 69 

New Commercial 1 0 0 0 1 1 3 4 5 6 8 9 11 12 13 15 16 18 20 21 23 

Commercial R&R 1 0 1 3 4 6 7 9 10 11 13 14 16 17 19 20 22 23 24 26 27 

New SF Res 1 0 0 0 0 1 1 2 2 3 3 4 4 5 5 6 6 7 8 8 ,9 

New MF Res 1 0 0 0 0 0 0 1 1 1 1 1 1 2 2 2 2 2 2 3 3 

New Manuf Housing 1 0 0 0 1 2 2 3 4 6 7 8 9 10 11 12 13 14 15 17 18 

New Res Light 1 0 0 0 0 1 1 1 2 2 2 3 3 3 4 4 5 5 5 6 6 

Wtr Htr Heat Pumps 0 0 0 0 0 1 1 1 2 2 3 3 4 4 5 5 6 6 7 7 

BP A Contract Recall 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Cono. Volt. Reg. 0 2 6 10 14 18 23 27 31 35 35 35 35 35 35 35 35 35 35 35 

Industrial 1 0 2 6 15 24 33 43 52 61 70 70 70 70 70 70 70 70 70 70 70 

Irrigation 1 0 0 1 2 2 3 4 5 5 6 6 6 6 6 6 6 6 6 6 6 

T&D Effie Impr 0 3 8 13 18 23 28 34. 39 44 44 44 44 H 44 44 44 44 44 44 

Industrial 2 0 1 4 10 16 23 29 35 41 48 48 48 48 48 48 48 48 48 48 48 

Exist. Commercial 1 0 1 5 11 19 29 39 48 58 68 68 68 68 68 68 68 68 68 68 68 Cl 
trl 

MF Res Weath 0 1 2 3 5 6 8 9 10 12 12 12 12 12 12 12 12 12 12 12 .., 
SF Res Weath 0 3 9 16 24 31 39 46 54 61 61 61 61 61 61 61 61 61 61 61 

trl 

" Ex. Res. Lighting-I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ 

High Cost Block 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 z 
'" ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- .., 

Subtotal 0 14 44 86 135 188 245 297 352 407 419 431 444 455 466 477 486 492 501 506 () 

[;; 
GENERA TING RESOURCES: "' 0 
Hydro Eff Imp 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 C 

Small Hydro 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 f\ 
Combined Cycle 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 m 

Small Hydro 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 "' (i 

WNP 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ::c 
m 

Thermal Eff Imp 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Cl 

Cogen 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ 
Cogen 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 12 
WNP 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2l 
Combined Cycle 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 " :£ Mun. Solid Waste 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .., 

- Cogen 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
::c 
m 

z Wind 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ 0 
cl Geothermal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

::c Small Hydro 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
trl 

~ E. Mont Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ 

"' Cogen 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ::; .., 
~ "" E. Wash Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 E. Oregon Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1:l ~ W. Wa/Or Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 "' 
" Nevada Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

"" 
C 

i Wind 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 f\ 
Small Hydro 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 m 

I Biomass 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 
d Wind 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 cl 
t"' Replacement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
C 2l 
~ ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- 5 m Subtotal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

= "' 
Total Firm Resources 5336 5372 5373 5623 5702 5782 5958 6235 6223 6214 6226 6234 6156 6070 6076 6192 6249 6244 6236 6346 

Load/Resource Balance 420 676 906 1364 1635 1901 2062 2326 2303 2407 2531 2649 2681 2578 2562 2655 2688 2662 2629 2712 



:§ 0 
tr1 
-I z Study ID :5-APR-91 13:28:16 tr1 

0 ~ q Study Title:DIVERSE SUPPLY SCENARIO - LOW LOADS 

~ 
z 

SYSTEM SUMMARY:Observed Loads a.nd Resources (Avg MW),PARTY = IOUs vi 
f;l --1 

-I 
;=; 

25 
Operating Year 90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05 05-06 06-07 07-08 08-09 09-10 6i 

~ 
----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- VJ 

Observed Load 8920 8853 8823 8795 8785 8785 8795 8797 8791 8779 8771 8772 8776 8796 8831 8867 8901 8934 8973 9019 0 
C 

;,:, Observed Rate -0. 75% -0.35% -0.32% -0.11 % 0.01% 0.11% 0.02% -0.07% -0.14% -0.09% 0.02% 0.05% 0.23% 0.39% o . .u% 0.38% 0.37% 0.44% 0.51% f5 .,, 
i 

tr1 

Existing Resources 9411 9392 9340 9287 9214 9141 8976 8811 8691 8571 8520 8469 8445 8388 8344 8184 8132 8142 8161 7923 VJ n 
I ~ 
d BP A Requirements 107 138 188 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
r C 
C 

CONSERVATION PROGRAMS: 
r 

::: f;l 
tr1 Water Heat 1 0 0 0 0 5 16 28 41 54 67 82 97 113 128 142 157 165 168 169 169 6 = New Commercial 1 0 0 1 3 8 16 23 32 40 48 57 66 76 85 95 105 114 125 135 146 ;,:, 

Commercial R&R 1 0 3 6 9 11 14 17 20 23 26 28 31 34 37 40 43 45 48 51 54 -I 

New SF Res 1 0 0 0 1 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 ::r: 
tr1 

New MF Res 1 0 0 0 0 1 1 2 2 3 3 4 4 5 5 6 6 7 7 8 8 > 
New Manuf Housing 1 0 0 1 2 4 6 9 12 15 17 20 23 26 29 32 35 38 41 44 47 Si 
New Res Light 1 0 0 0 0 1 1 2 2 3 3 4 4 5 6 6 7 7 8 8 9 tr1 

Wtr Htr Heat Pumps 0 0 0 1 1 2 3 4 5 6 7 8 10 11 12 13 14 15 17 18 ~ 
Cons. Volt. Reg. 0 3 9 15 21 27 33 38 44 50 50 50 50 53 59 59 59 59 59 59 ~ 
Industrial 1 0 2 6 15 24 33 43 52 61 70 70 70 70 72 76 84 93 103 112 118 < 
Irrigation 1 0 0 1 2 3 4 5 6 7 8 8 8 8 8 9 10 11 12 13 14 tr1 

T&D Effie Impr 0 2 7 12 17 22 27 31 36 41 41 41 41 44 48 53 58 63 68 72 6i 
Vl 

Industrial 2 0 1 4 10 16 23 29 35 41 48 48 48 48 49 52 57 64 70 77 81 0 
Exist. Commercial 1 0 2 10 22 38 57 77 96 115 134 134 134 134 134 134 137 144 156 172 192 C 

MF Res Wea.th 0 2 6 11 17 22 27 32 38 43 43 43 43 43 43 43 43 43 43 43 f5 
tr1 

SF Res Wea.th 0 2 8 15 22 29 36 43 50 57 57 57 57 57 57 57 57 57 57 57 .,, 
Ex. Res. Lighting-1 0 1 2 4 5 7 8 10 12 13 13 13 13 13 13 13 13 13 13 13 0 

High Cost Block 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 q 
----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- 6 

Subtotal 0 18 61 122 195 282 372 460 552 640 673 705 742 784 835 891 945 1002 1061 1116 C 
0 
(/) 

GENERA TING RESOURCES: 
Hydro Eff Imp 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 15 25 35 
Small Hydro 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 10 14 19 29 
Combined Cycle 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Small Hydro 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Thermal Eff Imp 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cogen 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cogen 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Combined Cycle 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Mun. Solid Waste 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cogen 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Wind 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Geothermal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Small Hydro 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
E. Mont Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cogen 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
E. Wash Cea.I Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
E. Oregon Cea.I Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
W. Wa./Or Cea.I Ga.s 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nevada Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Wind 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Small Hydro 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Biomass 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Wind 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Replacement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Subtotal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 15 29 44 64 > .,, .,, 

tr1 
Total Firm Resources 9519 9549 9590 9410 9410 9423 9346 9271 9241 9212 9193 9176 9185 9170 9179 9079 9093 9173 9267 9103 z 

0 

Load/Resource Balance 599 696 767 615 626 638 551 474 450 433 423 404 409 374 348 212 192 239 293 83 >< 
"' I 0 
!ll ' 0:, 



"' I ~ w 
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"' m 
Study ID :5-APR-91 13:28:16 z 

0 
Study Title:DIVERSE SUPPLY SCENARIO - LOW LOADS x 
SYSTEM SUMMARY:Observed Loads and Resources (Avg MW),PARTY = Generating Publics 

0 
I 
t,; 

Operating Year 90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05 05-06 06-07 07-08 08-09 09-10 
----- ----- ----- -----

.,. ____ ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Observed Load 4445 4398 4384 4371 4369 4372 4380 4384 4386 4384 4383 4386 4391 4403 4424 4445 4463 4481 4502 4526 
Observed Rate -1.05% -0.33% -0.30% -0.05% 0.01% 0.19% 0.09% 0.04% -0.04% -0.04% 0.01% 0.11% 0.29% 0.46% 0.47% 0.41% 0.40% 0.47% 0.55% 

Existing Resources 2445 2432 2450 2468 2451 2435 2434 2433 2411 2390 2394 2398 2381 2365 2372 2496 2559 2559 2559 2699 

BP A Requirements 2001 1966 1934 1903 1918 1937 1946 1854 1876 1895 1889 1889 1909 1936 1949 1851 1809 1826 1846 1736 

CONSERVATION PROGRAMS: 
Water Heat 1 0 0 0 0 2 6 10 15 20 25 30 37 43 48 54 59 62 63 64 64 
New Commercial 1 0 0 0 1 2 4 6 9 11 13 15 18 20 22 25 27 30 33 35 38 
Commercial R&R 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
New SF Res 1 0 0 0 0 1 1 2 2 3 3 3 4 4 5 5 6 6 1 1 8 
New MF Res 1 0 0 0 0 0 0 0 1 1 1 1 1 1 2 2 2 2 2 2 3 
New Manuf Housing 1 0 0 0 1 1 2 3 4 5 6 1 8 9 10 11 12 13 14 15 16 
New Res Light 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Wtr Htr Heat Pumps 0 0 0 0 0 1 1 1 2 2 3 3 3 4 4 5 5 6 6 1 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Subtotal 0 0 0 2 6 u 22 32 42 50 59 71 80 91 101 111 118 125 129 136 

GENERA TING RESOURCES: 
Replacement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Subtotal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Total Firm Resources 4445 4399 4385 4373 4376 4387 4403 4318 4328 4334 4343 4357 4371 4393 4422 4459 4487 4510 4535 4570 I I Load/Resource Balance 0 0 1 2 1 15 23 -66 -58 -50 -40 -29 -19 -11 -1 14 24 29 33 44 
z 
~ 
("l 

6l 
"" 0 
C 
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Study ID :5-APR-91 13:28:16 z tT1 

0 Study Title:DIVERSE SUPPLY SCENARIO - LOW LOADS ~ 
cl z 
;i:: 

~ 
SYSTEM SUMMARY:Observed Loads and Resources (Avg MW),PARTY = REGION in .., 

"' 
() .., 

Operating Year 90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05 05-06 06-07 07-08 08-09 09-10 

6 "' ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- tT1 
"' 

~ Observed Load 16299 16167 16094 16047 16045 16064 16098 16118 16125 16121 16122 16140 16162 16212 16290 16370 16445 16518 16603 16701 0 

Observed Rate -0.81% -0.45% -0.30% -0.01% 0.12% 0.21% 0.12% 0.05% -0.03% 0.01% 0.11% 0.14% 0.31% 0.48% 0.49% 0.46% 0.44% 0.51% 0.59% C: 

"' ~ ..,, DSI Firm Load 1982 1781 1579 1378 1176 974 973 972 971 848 725 602 479 479 479 479 479 479 479 479 

~ 
tT1 

"' 
Existing Resources 19300 19286 19239 19193 19150 19106 19071 19036 18849 18663 18611 18559 18449 18306 18276 18247 18263 18278 18304 18199 n 

I 
;i:: 
tT1 

6 CONSERVATION PROGRAMS: 
0 

r 
C: 

C: Water Heat 1 0 0 0 0 9 29 49 72 96 119 145 174 203 229 254 280 294 299 302 302 r 

::: 
tT1 

New Commercial 1 0 0 1 5 11 23 33 46 57 69 81 95 108 120 135 148 162 178 191 207 "' 
tT1 2l = Commercial R&R 1 0 4 9 13 17 21 26 30 84 39 42 47 51 56 60 65 68 72 11 81 

New SF Res 1 0 0 0 1 3 4 1 8 11 12 14 16 18 20 22 24 26 29 30 33 "' .., 
New MF Res 1 0 0 0 0 1 1 3 4 5 5 6 6 8 9 10 10 11 11 13 14 ;i:: 

New Manuf Housing 1 0 0 1 4 1 10 15 20 26 30 35 40 45 50 55 60 65 10 16 81 tT1 
> 

New Res Light 1 0 0 0 0 2 2 3 4 5 5 1 1 8 10 10 12 12 13 14 15 Si 
Wtr Htr Heat Pumps 0 0 0 1 1 4 5 6 9 10 13 14 17 19 21 23 25 27 30 32 tT1 

BP A Contract Recall 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 "' z 
Cons. Volt. Reg. 0 5 15 25 35 45 56 65 75 85 85 85 85 88 94 94 94 94 94 94 ~ 
Industrial 1 0 4 12 30 48 66 86 104 122 140 140 140 140 142 146 154 163 173 182 188 < 
Irrigation 1 0 0 2 4 5 1 9 11 12 14 14 14 14 14 15 16 17 18 19 20 tT1 

T&D Effie Impr 0 5 15 25 35 45 55 65 75 85 85 85 85 88 92 97 102 107 112 116 "' tT1 

Industrial 2 0 2 8 20 32 46 58 10 82 96 96 96 96 97 100 105 112 118 125 129 "' 0 
Exist. Commercial 1 0 3 15 33 57 86 116 144 173 202 202 202 202 202 202 205 212 224 240 260 C: 

MF Res Wee.th 0 3 8 14 22 28 35 41 48 55 55 55 55 55 55 55 55 55 55 55 ~ 
SF Res Wee.th 0 5 17 31 46 60 75 89 104 118 118 118 118 118 118 118 118 118 118 118 tT1 ..,, 
Ex. Res. Lighting-1 0 1 2 4 5 1 8 10 12 13 13 13 13 13 13 13 13 13 13 13 0 

High Cost Block 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 cl 
----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- 2l 

Subtotal 0 32 105 210 336 484 639 789 946 1097 1151 1207 1266 1330 1402 1479 1549 1619 1691 1758 r 
i5 
"' 

GENERA TING RESOURCES: 
Hydro Eff Imp 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 15 25 35 

Small Hydro 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 10 14 19 29 

Combined Cycle 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Small Hydro 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

WNP 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Thermal Eff Imp 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Cogen 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Cogen 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

WNP 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Combined Cycle 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Mun. Solid Waste 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Cogen 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Wind 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Geothermal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Small Hydro 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

E. Mont Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Cogen 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

E. Wash Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

E. Oregon Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

W. Wa/Or Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Nevada Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Wind 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Small Hydro 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Biomass 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Wind 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Replacement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ?; 
----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ..,, 

Subtotal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 15 29 44 64 tT1 z 
0 

Total Firm Resources 19300 19320 19347 19406 19488 19592 19707 19825 19792 19760 19762 19767 19712 19633 19678 19730 19828 19926 20038 20019 x 
0 

~ I ' 
Load/Resource Balance 1019 1372 1674 1982 2267 2554 2636 2735 2696 2791 2914 3024 3071 2941 2909 2881 2904 2930 2956 2839 t!l 



~ I :,. .,, 
"O 
tr) 

Study ID :8-APR-91 12:31:47 z 
0 

Study Title:No Coal or Nuclear - LOW LOADS ~ 

SYSTEM SUMMARY:Observed Loads and Resources (Avg MW),PARTY = BPA 
0 
I 
0, 

Operating Year 90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05 05-06 06-07 07-08 08-09 09-10 
----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----

Observed Load 2934 2915 2888 2881 2892 2907 2923 2936 2948 2958 2969 2982 2995 3012 3035 3058 3081 3103 3128 3155 
Observed Rate -0.63% -0.95% -0.24% 0.37% 0.51% 0.55% 0.47% 0.41% 0.34% 0.36% 0.45% 0.44% 0.57% 0.74% 0.76% 0.75% 0.71% 0.80% 0.87% 
DSI Firm Load 1982 1781 1579 1378 1176 974 973 972 971 848 725 602 479 479 479 479 479 479 479 479 

Existing Resources 7444 7462 7450 7438 7484 7530 7661 7792 7747 7703 7698 7692 7623 7553 7560 7566 7572 7577 7583 7577 

BP A Requirements -2108 -2104 -2122 -1903 -1918 -1937 -1946 -1854 -1876 -1895 -1889 -1889 -1909 -1936 -1949 -1851 -1809 -1826 -1846 -1736 

CONSERVATION PROGRAMS: 
Water Heat 1 0 0 0 0 2 7 11 16 22 27 33 40 47 53 58 64 67 68 69 69 
New CommerciH.l 1 0 0 0 1 1 3 4 5 6 8 9 11 12 13 15 16 18 20 21 23 
Commercial R&R 1 0 1 3 4 6 7 9 10 11 13 14 16 17 19 20 22 23 24 26 27 
New SF Res 1 0 0 0 0 1 1 2 2 3 3 4 4 5 5 6 6 7 8 8 9 
New MF Res 1 0 0 0 0 0 0 1 1 1 1 1 1 2 2 2 2 2 2 3 3 
New Manuf Housing 1 0 0 0 1 2 2 3 4 6 7 8 9 10 11 12 13 14 15 17 18 
New Res Light 1 0 0 0 0 1 1 1 2 2 2 3 3 3 4 4 5 5 5 6 6 
Wtr Htr Heat Pumps 0 0 0 0 0 1 1 1 2 2 3 3 4 4 5 5 6 6 7 7 
BP A Contract Recall 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cons. Volt. Reg. 0 2 6 10 14 18 23 27 31 35 35 35 35 35 35 35 35 35 35 35 
Industrial 1 0 2 6 15 24 33 43 52 61 70 70 70 70 70 70 70 70 70 70 70 
Irrigation 1 0 0 1 2 2 3 4 5 5 6 6 6 6 6 6 6 6 6 6 6 
T&D Effie Impr 0 3 8 13 18 23 28 34 39 44 44 44 44 44 44 44 44 44 44 44 
Industrial 2 0 1 4 10 16 23 29 35 41 48 48 48 48 48 48 48 48 48 48 48 
Exist. Commercial 1 0 1 5 11 19 29 39 48 58 68 68 68 68 68 68 68 68 68 68 68 0 

tr) 
MF Res Weath 0 1 2 3 5 6 8 9 10 12 12 12 12 12 12 12 12 12 12 12 ..., 
SF Res Weath 0 3 9 16 24 31 39 46 54 61 61 61 61 61 61 61 61 61 61 61 tr) 

:,; 
Ex. Res. Lighting-I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 l:: 
High Cost Block 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 z 

i;i 
----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- :l 

Subtotal 0 u 44 86 135 188 245 297 352 407 419 431 444 455 466 477 486 492 501 506 () 

Gl 
GENERA TING RESOURCES: (ll 

Hydro Eff Imp 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 
C 

Small Hydro 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Fi 
Combined Cycle 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 tr) 

Small Hydro 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
(ll 
() 

Thermal Eff Imp 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 :i: 
tr) 

Cogen 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cogen 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 C 

r 
Combined Cycle 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 tr) 

(ll 

Mun. Solid Waste 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2l Cogen 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 :,; 

:8 Wind 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ..., 
Geothermal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 :i: 

tr) 

z Small Hydro 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 :,. 
0 Cogen 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Ci cl Wind 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

tr) 

:i: ~ 
~ 

Small Hydro 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Biomass 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ (ll < ..., Wind 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 a Replacement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

tT1 

:,! ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- Gl 
tT1 Subtotal 

(ll 

:,; 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .,, C 

~ Total Firm Resources 5336 5372 5373 5623 5702 5782 5958 6235 6223 6214 6226 6234 6156 6070 6076 6192 6249 6244 6236 6346 Fi 
tT1 

I "O 

Load/Resource Balance 420 676 906 1364 1635 1901 2062 2326 2303 2407 2531 2649 2681 2578 2562 2655 2688 2662 2629 2712 0 
6 cl 
r 2l C 
l:: C 
tT1 0 
:::: (ll 
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z Study ID :8-APR-91 12:31:4 7 
m 

0 
,, 

cl Study Title:No Coal or Nuclear - LOW LOADS s: 
:i: z 
~ SYSTEM SUMMARY:Observed Loads and Resources (Avg MW),PARTY = IOUs 

ui 
--l 

(/; n 
--l 

Operating Year 90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05 05-06 06-07 07-08 08-09 09-10 ,, ..,, 
0 ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- f;l 
::;; Observed Load 8920 8853 8823 8795 8785 8785 8795 8797 8791 8779 8771 8772 8776 8796 8831 8867 8901 8934 8973 9019 0 
m C: ,, 

Observed Rate -0. 75% -0.35% -0.32% -0.11 % 0.01% 0.11% 0.02% -0.01% -0.14% -0.09% 0.02% 0.05% 0.23% 0.39% 0.41% 0.38% 0.37% 0.44% 0.51% fl .,, 
~ 

m 
Existing Resources 9411 9392 9340 9287 9214 9141 8976 8811 8691 8571 8520 8469 8445 8388 8344 8184 8132 8142 8161 7923 Vl n 

I Si < BP A Requirements 107 138 188 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 
r C: 
C: r 
s: CONSERVATION PROGRAMS: f;l 
m Water Heat 1 0 0 0 0 5 16 28 41 54 67 82 97 113 128 142 157 165 168 169 169 6 = New Commercial 1 0 0 1 3 8 16 23 32 40 48 57 66 76 85 95 105 114 125 135 146 ,, 

Commercial R&R 1 0 3 6 9 11 14 17 20 23 26 28 31 34 37 40 43 45 48 51 54 --l 

New SF Res 1 0 0 0 1 1 2 3 4 5 6 1 8 9 10 11 12 13 14 15 16 :i: 
m 

New MF Res 1 0 0 0 0 1 1 2 2 3 3 4 4 5 5 6 6 1 1 8 8 > 
New Manuf Housing 1 0 0 1 2 4 6 9 12 15 17 20 23 26 29 32 35 38 41 44 47 [:; 
New Res Light 1 0 0 0 0 1 1 2 2 3 3 4 4 5 6 6 1 1 8 8 9 m ,, 
Wtr Htr Heat Pumps 0 0 0 1 1 2 3 4 5 6 1 8 10 11 12 13 14 15 17 18 z 
Cons. Volt. Reg. 0 3 9 15 21 27 33 38 44 50 50 50 50 53 59 59 59 59 59 59 ~ 
Industrial 1 0 2 6 15 24 33 43 52 61 10 10 10 10 72 76 84 93 103 112 118 < 
Irrigation 1 0 0 1 2 3 4 5 6 1 8 8 8 8 8 9 10 11 12 13 14 m 

T&D Effie Impr 0 2 1 12 17 22 27 31 36 41 41 41 41 44 48 53 58 63 68 72 m 
Industrial 2 0 1 4 10 16 23 29 35 41 48 48 48 48 49 52 57 64 10 11 81 0 
Exist. Commercial 1 0 2 10 22 38 57 11 96 115 134 134 134 134 134 134 137 144 156 172 192 C: 

MF Res Wea.th 0 2 6 11 17 22 27 32 38 43 43 43 43 43 43 43 43 43 43 43 fl 
m 

SF Res Wea.th 0 2 8 15 22 29 36 43 50 57 57 57 57 57 57 57 57 57 57 57 ..,, 
Ex. Res. Lighting-I 0 1 2 4 5 1 8 10 12 13 13 13 13 13 13 13 13 13 13 13 0 

High Cost Block 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 cl 
----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- 6 

Subtotal 0 18 61 122 195 282 372 460 552 640 673 705 742 784 835 891 945 1002 1061 1116 r 
i5 
Vl 

GENERA TING RESOURCES: 
Hydro Eff Imp 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 15 25 35 
Small Hydro 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 10 14 19 29 
Combined Cycle 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Small Hydro 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Thermal Eff Imp 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cogen 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cogen 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Combined Cycle 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Mun. Solid Waste 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cogen 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Wind 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Geothermal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Small Hydro 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cogen 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Wind 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Small Hydro 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Biomass 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Wind 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Replacement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Subtotal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 15 29 44 64 

Total Firm Resources 9519 9549 9590 9410 9410 9423 9346 9271 9241 9212 9193 9176 9185 9170 9179 9079 9093 9173 9267 9103 

Load/Resource Balance 599 696 767 615 626 638 551 474 450 433 423 404 409 374 348 212 192 239 293 83 
I ~ ..,, 

m z 
0 x 
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Study ID :8-APR-91 12:31:47 z 
0 Study Title:No Coal or Nuclear - LOW LOADS x 

SYSTEM SUMMARY:Observed Loads and Resources (Avg MW),PARTY = Generating Publics 
:; 
I 
0, 

Operating Year 90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05 05-06 06-07 01-08 08-09 09-10 
----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----

Observed Load 4445 4398 4384 4371 4369 4372 4380 4384 4386 4384 4383 4386 4391 4403 4424 4445 4463 4481 4502 4526 
Observed Rate -1.05% -0.33% -0.30% -0.05% 0.01% 0.19% 0.09% 0.04% -0.04% -0.04% 0.01% 0.11% 0.29% 0.46% 0.47% 0.41% 0.40% 0.47% 0.55% 

Existing Resources 2445 2432 2450 2468 2451 2435 2434 2433 2411 2390 2394 2398 2381 2365 2372 2496 2559 2559 2559 2699 

BP A Requirements 2001 1966 1934 1903 1918 1937 1946 1854 1876 1895 1889 1889 1909 1936 1949 1851 1809 1826 1846 1736 

CONSERVATION PROGRAMS: 
Water Heat 1 0 0 0 0 2 6 10 15 20 25 30 37 43 48 54 59 62 63 64 64 
New Commercial 1 0 0 0 1 2 4 6 9 11 13 15 18 20 22 25 27 30 33 35 38 
Commercial R&R 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
New SF Res 1 0 0 0 0 1 1 2 2 3 3 3 4 4 5 5 6 6 1 1 8 
New MF Res 1 0 0 0 0 0 0 0 1 1 1 1 1 1 2 2 2 2 2 2 3 
New Manuf Housing 1 0 0 0 1 1 2 3 4 5 6 1 8 9 10 11 12 13 14 15 16 
New Res Light 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Wtr Htr Heat Pumps 0 0 0 0 0 1 1 1 2 2 3 3 3 4 4 5 5 6 6 1 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Subtotal 0 0 0 2 6 14 22 32 42 50 59 71 80 91 101 111 118 125 129 136 

GENERA TING RESOURCES: 
Replacement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Subtotal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Total Firm Resources 4445 4399 4385 -i373 4376 4387 4403 4318 4328 4334 4343 4357 4371 4393 4422 4459 4487 4510 4535 4570 I I Load/Resource Balance 0 0 1 2 1 15 23 -66 -58 -50 -40 -29 -19 -11 -1 14 24 29 33 44 
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z Study ID :8-APR-91 12:31:47 m 
0 

;,; 

cl Study Title:No Coal or Nuclear - LOW LOADS :::: 

= z 

~ 
SYSTEM SUMMARY:Observed Loads and Resources (Avg MW),PARTY = REGION rii ..., 

1'i ..., 
Operating Year 90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05 05-06 06-07 07-08 08-09 09-10 ; .,, 

0 ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
~ Observed Load 16299 16167 16094 16047 16045 16064 16098 16118 16125 16121 16122 16140 16162 16212 16290 16370 16445 16518 16603 16701 0 
m Observed Rate -0.81 % -0.45% -0.30% -0.01 % 0.12% 0.21% 0.12% 0.05% -0.03% 0.01% 0.11% 0.14% 0.31% 0.48% 0.49% 0.46% 0.44% 0.51% 0.59% 

c:: 
;,; p; .,, DSI Firm Load 1982 1781 1579 1378 1176 974 973 972 971 848 725 602 479 479 479 479 479 479 479 479 

~ 
m 
V, 

18276 18278 18199 
n 

I Existing Resources 19300 19286 19239 19193 19150 19106 19071 19036 18849 18663 18611 18559 18449 18306 18247 18263 18304 :i:: 

< 
. m 

c:, 
0 CONSERVATION PROGRAMS: c:: 
t"' t"' c:: Water Heat 1 0 0 0 0 9 29 49 72 96 119 145 174 203 229 254 280 294 299 302 302 f;l :::: New Commercial 1 0 0 1 5 11 23 33 46 57 69 81 95 108 120 135 148 162 178 191 207 m d = Commercial R&R 1 0 4 9 13 17 21 26 30 34 39 42 47 51 56 60 65 68 72 77 81 

New SF Res 1 0 0 0 1 3 4 7 8 11 12 14 16 18 20 22 24 26 29 30 33 
;,; ..., 

New MF Res 1 0 0 0 0 1 1 3 4 5 5 6 6 8 9 10 10 11 11 13 14 :i:: 
m 

New Manuf Housing 1 0 0 1 4 7 10 15 20 26 30 35 40 45 50 55 60 65 70 76 81 

~ New Res Light 1 0 0 0 0 2 2 3 4 5 5 7 7 8 10 10 12 12 13 14 15 
Wtr Htr Heat Pumps 0 0 0 1 1 4 5 6 9 10 13 14 17 19 21 23 25 27 30 32 m 

;,; 
BP A Contract Recall 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 z 
Cons. Volt. Reg. 0 5 15 25 35 45 56 65 75 85 85 85 85 88 94 94 94 94 94 94 ::; 
Industrial 1 0 4 12 30 48 66 86 104 122 140 140 140 140 142 146 154 163 173 182 188 ~ 
Irrigation 1 0 0 2 4 5 7 9 11 12 14 14 14 14 14 15 16 17 18 19 20 :,:, 
T&D Effie Impr 0 5 15 25 35 45 55 65 75 85 85 85 85 88 92 97 102 107 112 116 f;l 
Industrial 2 0 2 8 20 32 46 58 70 82 96 96 96 96 97 100 105 112 118 125 129 0 
Exist. Commercial 1 0 3 15 33 57 86 116 144 173 202 202 202 202 202 202 205 212 224 240 260 c:: 
MF Res Weath 0 3 8 14 22 28 35 41 48 55 55 55 55 55 55 55 55 55 55 55 p; 
SF Res Weath 0 5 17 31 46 60 75 89 104 118 118 118 118 118 118 118 118 118 118 118 

m .,, 
Ex. Res. Lighting-1 0 1 2 4 5 7 8 10 12 13 13 13 13 13 13 13 13 13 13 13 0 

High Cost Block 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 cl 
----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- d 

Subtotal 0 32 105 210 336 484 639 789 946 1097 1151 1207 1266 1330 1402 1479 1549 1619 1691 1758 5 
"' 

GENERA TING RESOURCES: 
Hydro Eff Imp 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 15 25 35 
Small Hydro 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 10 14 19 29 
Combined Cycle 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Small Hydro 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Thermal Eff Imp 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cogen 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cogen 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Combined Cycle 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Mun. Solid Waste 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cogen 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Wind 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Geothermal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Small Hydro 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cogen 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Wind 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Small Hydro 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Biomass 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Wind 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Replacement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Subtotal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 15 29 44 64 

Total Firm Resources 19300 19320 19347 19406 19488 19592 19707 19825 19792 19760 19762 19767 19712 19633 19678 19730 19828 19926 20038 20019 

Load/Resource Balance 1019 1372 1674 1982 2267 2554 2636 2735 2696 2791 2914 3024 3071 2941 2909 2881 2904 2930 2956 2839 • ?; .,, 
m z 
0 x 

"' I I b '" "' 



~ I ,;,~ ~ 
Study Title:No Coal or Nuclear - MEDIUM LOW LOADS ..,, 

m z 
SYSTEM SUMMARY:Observed Loads and Resources (Avg MW),PARTY = BPA 0 

~ 
Operating Year 90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05 05-06 06-07 07-08 08-09 09-10 0 

I 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- Ol 

Observed Load 2983 2993 2988 3004 3036 3072 3111 3147 3182 3216 3249 3284 3320 3362 3412 3464 3514 3565 3616 3670 
Observed Rate 0.32% -0.18% 0.55% 1.08% 1.18% 1.27% 1.16% 1.10% 1.07% 1.02% 1.08% 1.10% 1.26% 1.49% 1.51% 1.45% 1.43% 1.45% 1.49% 
DSI Firm Load 2106 1973 1839 1705 1571 1437 1437 1436 1436 1436 1435 1435 1435 1434 1434 1434 1433 1433 1433 1433 

Existing Resources 7444 7462 7450 7438 7484 7530 7661 7792 7747 7703 7698 7692 7623 7553 7560 7566 7572 7577 7583 7577 

BP A Requirements -2191 -2243 -2303 -2128 -2178 -2233 -2278 -2202 -2258 -2313 -2343 -2376 -2429 -2492 -2545 -2488 -2489 -2550 -2612 -2543 

CONSERVATION PROGRAMS: 
Water Heat 1 0 0 0 0 2 7 13 19 25 31 38 46 54 61 68 75 79 81 82 83 
New Commercial 1 0 0 0 1 2 4 6 7 9 11 13 15 16 18 20 22 24 27 29 31 
Commercial R&R 1 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 
New SF Res 1 0 0 1 1 2 3 4 5 6 7 8 9 11 12 13 14 15 16 18 19 
New MF Res 1 0 0 0 0 0 0 1 1 1 1 2 2 2 2 2 3 3 3 3 3 
New Ma.nuf Housing 1 0 0 1 1 2 4 5 7 9 10 12 14 16 17 19 21 22 24 26 27 
New Res Light 1 0 0 0 1 1 2 2 3 4 5 5 6 7 7 8 9 10 10 11 12 
Wtr Htr Heat Pumps 0 0 0 0 0 1 2 3 4 4 5 6 7 8 9 10 11 12 13 14 
BP A Contract Recall 0 0 0 0 0 0 0 0 0 0 97 195 292 292 292 292 292 292 292 292 
Cons. Volt. Reg. 0 2 6 10 14 18 23 27 31 35 35 35 35 35 35 35 35 35 35 35 
Industrial 1 0 2 6 15 24 33 43 52 61 70 70 70 70 70 70 70 70 70 70 70 
Irrigation 1 0 0 1 2 2 3 4 5 5 6 6 6 6 6 6 6 6 6 6 6 
T&D Effie Impr 0 3 8 13 18 23 28 34 39 44 44 44 44 44 44 44 44 44 44 44 
Industrial 2 0 1 4 10 16 23 29 35 41 48 48 48 48 48 48 48 48 48 48 48 
Exist. Commercial 1 0 1 5 11 19 29 39 48 58 68 68 68 68 68 68 68 68 68 68 68 
MF Res Wea.th 0 1 2 3 5 6 8 9 10 12 12 12 12 12 12 12 12 12 12 12 
SF Res Weath 0 3 9 16 24 31 39 46 54 61 61 61 61 61 61 61 61 61 61 61 0 
Ex. Res. Lighting-1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 m 
High Cost Block 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

.., 
m 
;,, ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- s: 

Subtotal 0 15 47 90 139 197 258 315 373 431 544 659 773 787 803 820 832 843 854 863 z 
1ii 

GENERA TING RESOURCES: 
.., 

Hydro Eff Imp 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
n 

Small Hydro 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ffi 
Combined Cycle 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Small Hydro 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 C 

Thermal Eff Imp 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 fl 
m 

Cogen 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 VJ 

Cogen 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 n 
:i: 

Combined Cycle 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 m 
Mun. Solid Waste 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 
C 

Cogen 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 r 
Wind 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 81 
Geothermal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

'!l 
0 

Small Hydro 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ;,, 

:ii Cogen 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
.., 
:i: 

Wind 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 m 
z 
0 Small Hydro 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

)-

~ cl Biomass 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 m 
:i: Wind 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ !f: Replacement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2'.i 81 .., ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ~ a Subtotal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

;,, 

~ Total Firm Resources 5252 5234 5194 5401 5448 5496 5638 5904 5861 5821 5899 5974 5965 5847 5818 5897 5915 5869 5823 5895 81 
;,, 0 
..,, C 

~ Load/Resource Balo.nee 163 269 367 693 840 986 1090 1320 1243 1169 1214 1254 1209 1051 972 1000 967 871 774 792 fl 
m 

I 
..,, 

< 0 
0 cl 
t: 6 s: C m 0 
= Cll 
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z Study ID :8-APR-91 16:05:22 tT1 
0 ~ cl Study Title:No Coal or Nuclear - MEDIUM LOW LOADS 

::r: z 
~ SYSTEM SUMMARY:Observed Loads and Resources (Avg MW),PARTY IOUs <ii .., 
Cll n .., 

Operating Year 90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05 05-06 06-07 07-08 08-09 09-10 
Gi "O 

0 ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
1:5 ~ Observed Load 9075 9108 9161 9219 9283 9356 9441 9513 9582 9648 9713 9786 9863 9962 10084 10210 10333 10459 10583 10715 

Observed Rate 0.37% 0.58% 0.64% 0.70% 0.78% 0.91% 0.77% 0.72% 0.69% 0.68% 0.75% 0.78% 1.00% 1.22% 1.25% 1.21% 1.22% 1.19% 1.24% 
C 

:,:, ~ "O 

~ 
tT1 

Existing Resources 9411 9392 9340 9287 9214 9141 8976 8811 8691 8571 8520 8469 8445 8388 8344 8184 8132 8142 8161 7923 CJ) 

n 
I ::r: 
< BP A Requirements 107 138 188 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 tT1 

0 0 
r C 
C CONSERVATION PROGRAMS: 

r 
s: 81 
tT1 Water Heat 1 0 0 0 0 6 18 32 47 62 78 94 112 130 148 166 183 194 198 201 203 6 = New Commercial 1 0 1 2 6 13 24 34 45 56 68 79 91 104 116 129 142 155 168 182 197 

Commercial R&R 1 0 4 8 12 16 20 23 27 31 35 39 43 47 51 55 59 63 66 70 74 
:,:, .., 

New SF Res 1 0 0 1 2 3 5 7 9 11 13 15 17 19 22 24 26 28 30 32 35 ::r: 
New MF Res 1 0 0 0 1 1 1 2 3 3 4 5 5 6 7 7 8 9 9 10 10 

tT1 
>-

New Manuf Housing 1 0 1 2 3 6 10 14 18 23 28 32 37 42 46 51 55 60 64 68 73 r-: ..., 
New Res Light 1 0 0 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 tT1 

Wtr Htr Heat Pumps 0 0 1 2 3 4 6 8 10 12 14 16 19 21 23 25 27 29 31 34 
:,:, 
z 

Cons. Volt. Reg. 0 3 9 15 21 27 33 38 44 50 56 59 59 59 59 59 59 59 59 59 ~ 
Industrial 1 0 2 6 15 24 33 43 52 61 70 79 88 98 107 116 126 135 143 147 148 < 
Irrigation 1 0 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 tT1 

T&D Effie Impr 0 2 7 12 17 22 27 31 36 H 46 51 56 60 65 70 75 80 84 89 Gi 
Industrial 2 0 1 4 10 16 23 29 35 41 48 54 60 67 73 80 86 92 95 95 95 

Cl) 

0 
Exist. Commercial 1 0 2 10 22 38 57 77 96 115 134 153 172 191 210 229 249 268 287 306 325 C: 

MF Res Weath 0 2 6 11 17 22 27 32 38 43 44 44 44 44 44 44 44 44 44 44 ~ 
SF Res Weath 0 2 8 15 22 29 36 43 50 57 59 59 59 59 59 59 59 59 59 59 tT1 

Ex. Res. Lighting-1 0 1 2 4 5 7 8 10 12 13 13 13 14 14 15 15 15 15 15 15 25 
High Cost Block 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 cl 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- 6 
Subtotal 0 21 67 133 213 309 407 505 606 709 799 886 976 1060 1147 1233 1312 1377 1436 1495 C 

0 
Cll 

GENERA TING RESOURCES: 
Hydro Eff Imp 0 0 0 0 5 15 25 35 35 35 35 35 35 35 35 35 35 35 35 35 
Small Hydro 1 0 0 0 0 0 0 5 19 33 33 33 43 52 62 71 76 76 76 76 76 
Combined Cycle 1 0 0 0 0 0 0 0 0 357 357 357 357 357 357 357 357 357 357 357 357 
Small Hydro 2 0 0 0 0 0 0 0 0 0 7 11 11 11 22 29 40 47 54 62 69 
Thermal Eff Imp 0 0 0 0 0 0 0 50 50 50 50 50 50 50 50 50 50 50 50 50 
Cogen 1 0 0 0 0 0 0 0 0 0 0 0 0 40 80 140 260 360 400 420 420 
Cogen 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 41 49 49 49 49 
Combined Cycle 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 357 
Mun. Solid Waste 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cogen 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Wind 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Geothermal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Small Hydro 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cogen 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Wind 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Small Hydro 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Biomass 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Wind 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Replacement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Subtotal 0 0 0 0 5 15 30 104 475 482 486 496 545 606 682 859 974 1021 1049 1413 

Total Firm Resources 9519 9551 9595 9420 9432 9463 9411 9420 9773 9761 9807 9854 9965 10055 10175 10277 10418 10543 10650 10831 

Load/Resource Ba.lance 444 443 434 201 149 108 -30 -93 191 114 94 68 102 94 91 68 85 84 67 116 
• ?; 

"O 
tT1 z 
0 x 
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Study ID :8-APR-91 16:05:22 z 
Study Title:No Coal or Nuclear - MEDIUM LOW LOADS Cl x 
SYSTEM SUMMARY:Observed Loads and Resources (Avg MW),PARTY = Generating Publics 0 

' 00 

Operating Year 90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05 05-06 06-07 07-08 08-09 09-10 
----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----

Observed Load 4529 4537 4565 4596 4630 4668 4712 4751 4788 4824 4860 4899 4938 4989 5051 5115 5179 5243 5308 5376 
Observed Rate 0.18% 0.61% 0.67% 0.74% 0.82% 0.95% 0.82% 0.79% 0.75% 0.74% 0.80% 0.80% 1.02% 1.25% 1.27% 1.24% 1.25% 1.23% 1.28% 

Existing Resources 2445 2432 2450 2468 2451 2435 2434 2433 2411 2390 2394 2398 2381 2365 2372 2496 2559 2559 2559 2699 

BP A Requirements 2084 2105 2115 2128 2178 2233 2278 2202 2258 2313 2343 2376 2429 2492 2545 2488 2489 2550 2612 2543 

CONSERVATION PROGRAMS: 
Water Heat 1 0 0 0 0 2 7 12 17 23 29 35 42 49 56 63 69 73 75 76 76 
New Commercial 1 0 0 1 2 4 7 9 12 15 18 21 24 27 31 34 37 41 44 48 52 
Commercial R&R 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
New SF Res 1 0 0 0 1 2 3 3 5 6 7 8 9 10 11 12 13 14 15 16 17 
New MF Res 1 0 0 0 0 0 0 1 1 1 1 1 2 2 2 2 2 3 3 3 3 
New Manuf Housing 1 0 0 1 1 2 3 5 6 8 10 11 13 14 16 18 19 21 22 24 25 
New Res Light 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Wtr Htr Heat Pumps 0 0 0 0 0 1 2 2 3 4 5 6 7 8 8 9 10 11 12 13 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Subtotal 0 0 2 4 10 21 32 43 56 69 81 96 109 124 137 149 162 170 179 186 

GENERA TING RESOURCES: 
Replacement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Subtotal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Tote.I Firm Resources 4529 4538 4567 4600 4640 4689 4744 4679 4725 4771 4818 4869 4920 4981 5054 5135 5209 5279 5349 5428 I I Load/Resource Balance 0 1 2 4 11 21 32 -72 -63 -53 -42 -29 -18 -8 3 20 31 36 41 52 
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z Study ID :8-APR-91 16:05:22 tT1 
0 ;,:, 

cl Study Title:No Coe.I or Nuclear - MEDIUM LOW LOADS ~ 

::i: z 
::;] SYSTEM SUMMARY:Observed Loads and Resources (Avg MW),PARTY = REGION vi 
tT1 --l 
r/J i'i 
--l Operating Year 90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05 05-06 06-07 07-08 08-09 09-10 ;,:, .,, 

rn 0 ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
~ Observed Load 16587 16638 16713 16819 16949 17096 17264 17412 17552 17688 17822 17969 18121 18312 18547 18789 19026 19267 19508 19760 0 

C: 
;,:, Observed Rate 0.31% 0.45% 0.63% 0.78% 0.87% 0.98% 0.85% 0.81% 0.71% 0.76% 0.83% 0.85% 1.05% 1.28% 1.31% 1.26% 1.27% 1.25% 1.30% fl .,, 

OSI Firm Load 2106 1973 1705 1571 1437 1437 1436 1433 

~ 
1839 1436 1436 1435 1435 1435 1434 1434 1434 1433 1433 1433 tT1 

r/J n 
I Existing Resources 19300 19286 19239 19193 19150 19106 19071 19036 18849 18663 18611 18559 18449 18306 18276 18247 18263 18278 18304 18199 ::i: 
< tT1 
0 0 
r CONSERVATION PROGRAMS: C: 
C: r 
~ Water Heat 1 0 0 0 0 10 32 57 83 110 138 167 200 233 265 297 327 346 354 359 362 rn 
tT1 New Commercial 1 0 1 3 9 19 35 49 64 80 97 113 130 147 165 183 201 220 239 259 280 6 = Commercial R&R 1 0 6 12 18 24 30 35 41 47 53 59 65 71 11 83 89 95 100 106 112 ;,:, 

New SF Res 1 0 0 2 4 1 11 14 19 23 27 31 35 40 45 49 53 57 61 66 71 --l 
New MF Res 1 0 0 0 1 1 1 4 5 5 6 8 9 10 11 11 13 15 15 16 16 ::i: 

tT1 
New Manuf Housing 1 0 1 4 5 10 17 24 31 40 48 55 64 72 79 88 95 103 110 118 125 > 
New Res Light 1 0 0 0 2 3 5 6 8 10 12 13 15 17 18 20 22 24 25 27 29 Ci 
Wtr Htr Heat Pumps 0 0 1 2 3 6 10 13 17 20 24 28 33 37 40 44 48 52 56 61 tT1 

BP A Contract Recall 0 0 0 0 0 0 0 0 0 0 97 195 292 292 292 292 292 292 292 292 2 
Cons. Volt. Reg. 0 5 15 25 35 45 56 65 75 85 91 94 94 94 94 94 94 94 94 94 ::; 
Industrial 1 0 4 12 30 48 66 86 104 122 140 149 158 168 177 186 196 205 213 217 218 < 
Irrigation 1 0 0 2 4 5 1 9 11 12 14 15 16 17 18 19 20 21 22 23 24 tT1 

;,:, 
T&D Effie Impr 0 5 15 25 35 45 55 65 75 85 90 95 100 104 109 114 119 124 128 133 tT1 

r/J 
Industrial 2 0 2 8 20 32 46 58 70 82 96 102 108 115 121 128 134 140 143 143 143 0 
Exist. Commercial 1 0 3 15 33 57 86 116 144 173 202 221 240 259 278 297 317 336 355 374 393 C: 

MF Res Weath 0 3 8 14 22 28 35 41 48 55 56 56 56 56 56 56 56 56 56 56 fl 
tl1 

SF Res Weath 0 5 17 31 46 60 75 89 104 118 120 120 120 120 120 120 120 120 120 120 .,, 
Ex. Res. Lighting-1 0 1 2 4 5 1 8 10 12 13 13 13 14 14 15 15 15 15 15 15 0 

High Cost Block 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 cl 
----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ' ----- ----- ----- ----- ----- ----- 6 

Subtotal 0 36 116 227 362 527 697 863 1035 1209 1424 1641 1858 1971 2087 2202 2306 2390 2469 2544 C 
0 
V) 

GENERA TING RESOURCES: 
Hydro Eff Imp 0 0 0 0 5 15 25 35 35 35 35 35 35 35 35 35 35 35 35 35 
Small Hydro 1 0 0 0 0 0 0 5 19 33 33 33 43 52 62 71 76 76 76 76 76 
Combined Cycle 1 0 0 0 0 0 0 0 0 357 357 357 357 357 357 357 357 357 357 357 357 
Small Hydro 2 0 0 0 0 0 0 0 0 0 7 11 11 11 22 29 40 47 54 62 69 
Thermal Eff Imp 0 0 0 0 0 0 0 50 50 50 50 50 50 50 50 50 50 50 50 50 
Cogen 1 0 0 0 0 0 0 0 0 0 0 0 0 40 80 140 260 360 400 420 420 
Cogen 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 41 49 49 49 49 
Combined Cycle 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 357 
Mun. Solid Waste 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cogen 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Wind 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Geothermal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Small Hydro 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cogen 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Wind 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Small Hydro 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Biomass 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Wind 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Replacement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Subtotal 0 0 0 0 5 15 30 104 475 482 486 496 545 606 682 859 974 1021 1049 1413 

Total Firm Resources 19301 19323 19355 19421 19520 19648 19793 20003 20359 20353 20524 20697 20849 20883 21046 21309 21542 21691 21822 22154 

Load/Resource Balance 607 713 803 898 1000 1115 1092 1155 1371 1229 1266 1293 1293 1136 1066 1087 1083 991 881 961 
?; .,, 
tl1 z 
0 x 
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Study ID :8-APR-91 12:31:01 z 
Study Title:No Coal or Nuclear - MEDIUM LOADS 

1:1 
~ 

SYSTEM SUMMARY:Observed Loads and Resources (Avg MW),PARTY = BPA 
::; 
I 

0:, 

Operating Year 90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05 05-06 06-07 07-08 08-09 09-10 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Observed Load 3028 3063 3082 3117 3160 3207 3261 3313 3365 3415 3464 3514 3566 3623 3689 3759 3829 3899 3969 4041 
Observed Rate 1.16% 0.63% 1.12% 1.39% 1.51% 1.68% 1.60% 1.56% 1.48% 1.42% 1.46% 1.46% 1.62% 1.82% 1.88% 1.87% 1.83% 1.80% 1.80% 
OSI Firm Load 2184 2154 2123 2093 2063 2032 2002 2002 2002 2002 2002 2002 2002 2002 2002 2002 2002 2002 2002 2002 

Existing Resources 7444 7462 7450 7438 7484 7530 7661 7792 7747 7703 7698 7692 7623 7553 7560 7566 7572 7577 7583 7577 

BPA Requirements -2273 -2384 -2489 -2347 -2426 -2510 -2584 -2522 -2606 -2687 -2740 -2795 -2874 -2964 -3043 -3015 -3045 -3135 -3223 -3179 

CONSERVATION PROGRAMS: 
Water Heat 1 0 0 0 0 3 8 14 20 26 33 40 48 56 64 71 79 84 86 87 88 
New Commercial 1 0 0 1 1 3 5 7 10 12 14 16 19 21 24 27 29 32 34 37 40 

Commercial R&R 1 0 2 5 7 10 12 15 17 19 22 24 27 29 32 34 36 39 41 44 46 
New SF Res 1 0 0 1 1 3 4 5 7 8 10 11 13 14 16 17 19 20 22 23 25 

New MF Res 1 0 0 0 0 0 1 1 1 1 1 2 2 2 2 2 3 3 3 3 3 
New Manuf Housing 1 0 0 1 2 3 4 6 8 10 12 13 15 17 19 21 23 24 26 28 30 
New Res Light 1 0 0 0 1 2 2 3 4 5 6 6 7 8 9 10 11 11 12 13 14 
Wtr Htr Heat Pumps 0 0 0 0 1 1 2 3 4 6 7 8 9 10 11 12 14 15 16 17 
BP A Contract Recall 0 0 0 0 0 0 97 195 292 292 292 292 292 292 292 292 292 292 292 292 

Cons. Volt. Reg. 0 2 6 10 14 18 23 27 31 35 39 41 41 41 41 41 41 41 41 41 
Industrial 1 0 2 6 15 24 33 43 52 61 70 79 88 98 107 116 126 135 144 152 155 

Irrigation 1 0 0 1 2 2 3 4 5 5 6 7 7 8 9 9 10 11 11 12 13 
T&D Effie Impr 0 3 8 13 18 23 28 34 39 44 49 54 59 64 70 75 80 85 90 96 

Industrial 2 0 1 4 10 16 23 29 35 41 48 54 60 67 73 80 86 93 99 104 107 
Exist. Commercial 1 0 1 5 11 19 29 39 48 58 68 78 87 97 106 116 126 135 145 155 164 1:1 

MF Res Weath 0 1 2 3 5 6 8 9 10 12 13 13 13 13 13 13 13 13 13 13 tTl 
...; 

SF Res Weath 0 3 9 16 24 31 39 46 54 61 64 64 64 64 64 64 64 64 64 64 tTl 
:,:, 

Ex. Res. Lighting-I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 :::: 
High Cost Block 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 z 

ui ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ...; 
Subtotal 0 15 49 92 147 203 363 521 676 740 794 845 895 945 994 1045 1091 1133 1174 1208 n 

:,:, 

GENERA TING RESOURCES: rn 
Hydro Eff Imp 0 0 0 0 0 0 0 0 15 30 45 45 60 75 75 75 75 75 75 75 0 

C: 
Small Hydro 1 0 0 0 0 0 0 0 0 0 0 0 0 0 5 10 14 14 14 14 14 f\ 
Combined Cycle 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 357 357 357 357 tTl 

Small Hydro 2 0 0 0 0 0 0 0 0 0 4 4 4 7 7 11 14 14 14 14 14 "' (l 

Thermal Eff Imp 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 6 6 6 6 6 ::c 
tTl 

Cogen 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 20 1:1 
Cogen 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 C: 

r 
Combined Cycle 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 rn 
Mun. Solid Waste 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

2:l Cogen 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 :,:, 

:g Wind 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ...; 

Geothermal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ::c 
tTl 

z Small Hydro 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
~ 0 Cogen 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

cl Wind 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 tTl 
::c Small Hydro 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ 
~ Biomass 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ 
...; Wind 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ 
6 Replacement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
::,:; ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- m 
tTl Subtotal 0 0 0 0 0 0 0 0 15 34 49 49 67 87 102 109 466 486 :,:, 466 486 0 .,, C: 

s:: Total Firm Resources 5171 5094 5009 5185 5205 5225 5438 5788 5833 5787 5801 5792 5711 5621 5613 5705 6084 6043 6022 6092 f\ 
z tTl 

I Load/Resource Balance -41 -123 -196 -25 -18 -15 175 473 466 370 336 276 144 -5 -78 -55 253 142 50 49 6 < cl 0 
r 2:l C: 
:::: 5 tTl 

= '-/l 
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z Study ID :8-APR-91 12:31:01 trl 

0 Study Title:No Coal or Nuclear - MEDIUM LOADS ~ 
cl z 
:i:: 

SYSTEM SUMMARY:Observed Loads and Resources (Avg MW),PARTY = IOUs vi ::;] .., 
Bl n .., 

Operating Year 90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05 05-06 06-07 07-08 08-09 09-10 ;,:: 

6 ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- Bl 
~ Observed Load 9222 9357 9496 9618 9731 9856 9995 10127 10253 10372 10488 10609 10738 10891 11067 11253 1H38 11624 11806 11990 0 

Observed Rate 1.46% 1.49% 1.28% 1.18% 1.28% 1.41% 1.32% 1.25% 1.16% 1.12% 1.16% 1.22% 1.42% 1.61% 1.68% 1.64% 1.63% 1.56% 1.56% 
C 

;,:: 1'€ .,, 
&:: 

trl 

Existing Resources 9411 9392 9340 9287 9214 9141 8976 8811 8691 8571 8520 8469 8445 8388 8344 8184 8132 8142 8161 7923 Cll 

z n 
I 0 0 0 0 Fil 
< BP A Requirements 107 138 188 0 0 0 0 0 0 0 0 0 0 0 0 0 Cl 
0 C r r 
C CONSERVATION PROGRAMS: Bl ::: Water Heat 1 0 0 0 0 6 19 34 50 66 82 99 117 136 155 174 193 206 210 214 215 
trl 2l :::: New Commercial 1 0 1 4 8 17 31 44 58 73 88 103 119 135 151 168 184 201 218 236 254 

Commercial R&R 1 0 5 10 14 19 24 29 34 38 43 48 53 57 62 67 72 77 81 86 91 
;,:: .., 

New SF Res 1 0 0 1 2 4 7 9 12 15 17 20 23 26 29 32 35 37 40 43 46 :t 

New MF Res 1 0 0 0 1 1 2 2 3 4 4 5 5 6 7 7 8 9 9 10 10 
trl 
> 

New Manuf Housing 1 0 1 2 4 7 12 16 21 26 31 36 41 45 50 55 60 65 70 74 79 Si 
New Res Light 1 0 0 1 1 2 3 4 6 7 8 9 10 12 13 14 15 16 18 19 20 trl 

Wtr Htr Heat Pumps 0 0 1 2 4 6 8 10 13 15 18 21 23 26 29 31 34 36 39 42 s1 
Cons. Volt. Reg. 0 3 9 15 21 27 33 38 44 50 56 59 59 59 59 59 59 59 59 59 2:i 
Industrial 1 0 2 6 15 24 33 43 52 61 70 79 88 98 107 116 126 135 144 152 155 < 
Irrigation 1 0 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 trl 

;,:: 
T&D Effie lmpr 0 2 7 12 17 22 27 31 36 41 46 51 56 60 65 70 75 80 84 89 Bl 
Industrial 2 0 1 4 10 16 23 29 35 41 48 54 60 67 73 80 86 93 99 104 107 0 
Exist. Commercial 1 0 2 10 22 38 57 77 96 115 134 153 172 191 210 229 249 268 287 306 325 C 

MF Res Weath 0 2 6 11 17 22 27 32 38 43 44 44 44 44 44 44 44 44 44 44 1'€ 
SF Res Weath 0 2 8 15 22 29 36 43 50 57 59 59 59 59 59 59 59 59 59 59 trl .,, 
Ex. Res. Lighting-I 0 1 2 • 5 7 8 10 12 13 14 15 15 15 15 15 15 15 15 15 0 

High Cost Block 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 cl 
"' ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- 0 

Subtotal 0 22 72 138 223 328 431 537 646 752 852 947 1040 1132 1226 1320 1408 1485 1561 1631 C 
0 
"' 

GENERA TING RESOURCES: 
Hydro Eff Imp 0 0 0 5 15 25 35 35 35 35 35 35 35 35 35 35 35 35 35 35 
Small Hydro 1 0 0 0 0 0 0 14 29 43 52 62 62 62 71 76 76 76 76 76 76 
Combined Cycle 1 0 0 0 0 0 0 0 357 357 357 357 357 357 357 357 357 357 357 357 357 

Small Hydro 2 0 0 0 0 0 0 11 22 33 43 51 51 51 51 58 65 72 80 87 87 

Thermal Eff Imp 0 0 0 0 0 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 

Cogen 1 0 0 0 0 0 80 240 240 380 400 400 400 400 400 400 420 420 420 420 420 
Cogen 2 0 0 0 0 0 0 0 0 8 41 41 41 41 41 41 49 49 49 49 49 
Combined Cycle 2 0 0 0 0 0 0 0 0 0 0 357 357 357 357 357 357 357 357 357 357 
Mun. Solid Waste 0 0 0 0 0 0 0 0 0 8 8 8 8 8 15 15 15 23 23 30 
Cogen 3 0 0 0 0 0 0 0 0 0 112 112 112 112 112 200 416 560 640 712 944 

Wind 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 17 

Geothermal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 105 

Small Hydro 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Cogen 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Wind 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Small Hydro 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Biomass 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Wind 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Replacement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Subtotal 0 0 0 5 15 155 350 733 906 1098 1473 1473 1473 1482 1589 1840 1991 2087 2172 2527 

Total Firm Resources 9519 9553 9599 9432 9454 9622 9756 10080 10241 10422 10846 10890 10958 11004 11161 11346 11531 11715 11896 12084 

Load/Resource Balance 297 196 102 -186 -277 -234 -239 -47 -13 50 357 280 219 112 94 94 94 92 90 94 . ~ .,, 
trl z 
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Study ID :8-APR-91 12:31:01 z 
Study Title:No Coal or Nuclear - MEDIUM LOADS 

C, 

~ 

SYSTEM SUMMARY:Observed Loads and Resources (Avg MW),PARTY = Generating Publics 
0 
I 

Ol 

Operating Year 90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05 05-06 06-07 07-08 08-09 09-10 
----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----

Observed Load 4611 4678 4751 4815 4877 4945 5018 5088 5155 5218 5277 5340 5406 5485 5575 5670 5764 5859 5951 6045 
Observed Rate 1.46% 1.55% 1.35% 1.29% 1.39% 1.48% 1.39% 1.31% 1.22% 1.14% 1.18% 1.24% 1.45% 1.64% 1.71% 1.66% 1.64% 1.58% 1.58% 

Existing Resources 2445 2432 2450 2468 2451 2435 2434 2433 2411 2390 2394 2398 2381 2365 2372 2496 2559 2559 2559 2699 

BP A Requirements 2166 2246 2301 2347 2426 2510 2584 2522 2606 2687 2740 2795 2874 2964 3043 3015 3045 3135 3223 3179 

CONSERVATION PROGRAMS: 
Water Heat 1 0 0 0 0 2 7 13 18 24 30 37 44 52 59 66 73 77 79 80 81 
New Commercial 1 0 0 1 2 5 9 12 16 20 24 27 31 36 40 44 49 53 57 62 67 
Commercial R&R 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
New SF Res 1 0 0 1 1 2 4 5 6 8 9 10 12 13 15 16 17 19 20 22 23 
New MF Res 1 0 0 0 0 0 0 1 1 1 1 1 2 2 2 2 2 3 3 3 3 
New Manuf Housing 1 0 0 1 2 3 4 6 7 9 11 12 14 16 17 19 21 23 24 26 27 
New Res Light 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Wtr Htr Heat Pumps 0 0 0 0 1 1 2 3 4 5 6 7 8 9 10 11 13 14 15 16 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Subtotal 0 0 3 5 13 25 39 51 66 80 93 110 127 142 157 173 188 197 208 217 

GENERA TING RESOURCES: 
Replacement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Subtotal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Total Firm Resources 4611 4679 4754 4821 4890 4970 5056 5007 5083 5156 5228 5303 5381 5471 5573 5685 5791 5891 5989 6095 p 
Load/Resource Balance 0 1 3 6 13 25 38 -81 -72 -62 -49 -36 -25 -14 -2 15 26 32 38 50 ~ 

z 
lo ., 
1'i 

" tr1 
(/) 

0 
c:: 
fi 
tr1 
(/) 
() 
::r: 
tr1 
C, 
c:: r 
f;l 
6 
" :8 
., 
::r: - tr1 

z :i,. 
0 @ ~ 
::r: ~ :fl 
tr1 ::\ 
(/) ., ~ 
~ 
~ m 
" 

0 
-0 

c:: 

~ fi 
tr1 

I 
-0 

< 0 
0 ~ 
t: 6 
s: t: 
tr1 0 
= (/) 



0 :£ m .., - Study ID :8-APR-91 12:31:01 m z 
~ 0 Study Title:No Coal or Nuclear - MEDIUM LOADS 

cl z :r: SYSTEM SUMMARY Observed Loads and Resources (Avg MW),PARTY = REGION '" :;; .., 
m n Vl Operating Year 90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05 05-06 06-07 07-08 08-09 09-10 ;o .., .,, ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- m 0 Observed Load 16861 17098 17329 17550 17768 18008 18274 18529 18773 19005 19229 19463 19710 19999 20332 20682 21031 21382 21726 22076 0 :;; 

C m Observed Rate 1.41% 1.35% 1.27% 1.25% 1.35% 1.48% 1.39% 1.32% 1.23% 1.18% 1.22% 1.27% 1.47% 1.66% 1.72% 1.69% 1.67% 1.61 % 1.61% fl ;o 
DSI Firm Load 2184 2154 2123 2093 2063 2032 2002 2002 2002 2002 2002 2002 2002 2002 2002 2002 2002 2002 2002 2002 .,, m 

~ Vl 
() Existing Resources 19300 19286 19239 19193 19150 19106 19071 19036 18849 18663 18611 18559 18449 18306 18276 18247 18263 18278 18304 18199 :r: 

I m 
< 0 
0 CONSERVATION PROGRAMS: C 

r r Water Heat 1 0 0 0 0 11 34 61 88 116 145 176 209 244 278 311 345 367 375 381 384 m C 
"' ?::: New Commercial 1 0 1 6 11 25 45 63 84 105 126 146 169 192 215 239 262 286 309 335 361 6 m Commercial R&R 1 0 7 15 21 29 36 44 51 57 65 72 80 86 94 101 108 116 122 130 137 = ;o New SF Res 1 0 0 3 4 9 15 19 25 31 36 41 48 53 60 65 71 76 82 88 94 .., 

New MF Res 1 0 0 0 1 1 3 4 5 6 6 8 9 10 11 11 13 15 15 16 16 :r: 
m New Manuf Housing 1 0 1 4 8 13 20 28 36 45 54 61 70 78 86 95 104 112 120 128 136 >-New Res Light 1 0 0 1 2 4 5 7 10 12 14 15 17 20 22 24 26 27 30 32 34 Ci Wtr Htr Heat Pumps 0 0 1 2 6 8 12 16 21 26 31 36 40 45 50 54 61 65 70 75 m 

BPA Contract Recall 0 0 0 0 0 0 97 195 292 292 292 292 292 292 292 292 292 292 292 292 ~ 
Cons. Volt. Reg. 0 5 15 25 35 45 56 65 75 85 95 100 100 100 100 100 100 100 100 100 2'.i Industrial 1 0 4 12 30 48 66 86 104 122 140 158 176 196 214 232 252 270 288 304 310 ~ Irrigation 1 0 0 2 4 5 7 9 11 12 14 16 17 19 21 22 24 26 27 29 31 ;o T&D Effie Impr 0 5 15 25 35 45 55 65 75 85 95 105 115 124 135 145 155 165 174 185 m Industrial 2 0 2 8 20 32 46 58 70 82 96 108 120 134 146 160 172 186 198 208 214 0 Exist. Commercial 1 0 3 15 33 57 86 116 144 173 202 231 259 288 316 345 375 403 432 461 489 C 
MF Res Weath 0 3 8 14 22 28 35 41 48 55 57 57 57 57 57 57 57 57 57 57 fl 
SF Res Weath 0 5 17 31 46 60 75 89 104 118 123 123 123 123 123 123 123 123 123 

m 
123 .,, 

Ex. Res. Lighting-1 0 1 2 4 5 7 8 10 12 13 14 15 15 15 15 15 15 15 15 15 0 
High Cost Block 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 cl 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- 6 Subtotal 0 37 124 235 383 556 833 1109 1388 1572 1739 1902 2062 2219 2377 2538 2687 2815 2943 3056 C: 
0 

GENERA TING RESOURCES: 
Vl 

Hydro Eff Imp 0 0 0 5 15 25 35 35 50 65 80 80 95 110 110 110 110 110 110 110 
Small Hydro 1 0 0 0 0 0 0 14 29 43 52 62 62 62 76 86 90 90 90 90 90 Combined Cycle 1 0 0 0 0 0 0 0 357 357 357 357 357 357 357 357 357 714 714 714 714 Small Hydro 2 0 0 0 0 0 0 11 22 33 47 55 55 58 58 69 79 86 94 101 101 Thermal Eff Imp 0 0 0 0 0 50 50 50 50 50 50 50 50 50 56 56 56 56 56 56 
Cogen 1 0 0 0 0 0 80 240 240 380 400 400 400 400 400 400 420 420 420 440 440 Cogen 2 0 0 0 0 0 0 0 0 8 41 41 41 41 41 41 49 49 49 49 49 Combined Cycle 2 0 0 0 0 0 0 0 0 0 0 357 357 357 357 357 357 357 357 357 357 Mun. Solid Waste 0 0 0 0 0 0 0 0 0 8 8 8 8 8 15 15 15 23 23 30 Cogen 3 0 0 0 0 0 0 0 0 0 112 112 112 112 112 200 416 560 640 712 944 Wind 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 17 Geothermal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 105 Small Hydro 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Cogen 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Wind 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Small Hydro 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Biomass 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Wind 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Replacement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----Subtotal 0 0 0 5 15 155 350 733 921 1132 1522 1522 1540 1569 1691 1949 2457 2553 2658 3013 

Total Firm Resources 19301 19326 19362 19437 19549 19817 20250 20875 21157 21365 21874 21985 22050 22095 22347 22736 23406 23649 23906 24271 

Load/Resource Balance 256 74 -91 -205 -282 -223 -26 345 382 358 644 520 338 94 13 53 374 266 178 193 
?; .,, 
m z 
0 x 

I 
0 
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Study ID :5-APR-91 13:38:40 z 
0 

Study Title:No Coal or Nuclear - MEDIUM HIGH LOADS x 
SYSTEM SUMMARY:Observed Loads and Resources (Avg MW),PARTY = BPA 

:; 
I 

"' 
Opera.ting Year 90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05 05-06 06-07 07-08 08-09 09-10 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Observed Load 3080 3141 3175 3229 3298 3370 3443 3514 3582 3647 3715 3787 3858 3935 4020 4107 4191 4276 4367 4456 
Observed Rate 1.98% 1.09% 1.68% 2.14% 2.18% 2.18% 2.05% 1.93% 1.83% 1.85% 1.95% 1.87% 2.00% 2.15% 2.17% 2.04% 2.03% 2.12% 2.04% 
OSI Firm Load 2282 2230 2237 2244 2228 2212 2211 2211 2211 2210 2197 2183 2170 2170 2170 2170 2170 2170 2170 2170 

Existing Resources 7444 7462 7450 7438 7484 7530 7661 7792 7747 7703 7698 7692 7623 7553 7560 7566 7572 7577 7583 7577 

BP A Requirements -2367 -2536 -2673 -2571 -2693 -2817 -2927 -2880 -2999 -3113 -3192 -3278 -3389 -3511 -3621 -3622 -3675 -3790 -3912 -3897 

CONSERVATION PROGRAMS: 
Water Heat 1 0 0 0 0 3 9 15 21 28 34 42 50 59 67 75 83 89 91 92 93 
New Commercial 1 0 0 1 2 4 7 9 12 15 18 21 24 27 30 34 37 40 44 47 51 
Commercial R&R 1 0 3 5 8 11 13 16 19 22 24 27 30 32 35 38 40 43 46 49 51 
New SF Res 1 0 0 1 2 4 5 7 9 11 13 15 17 19 21 24 26 28 30 32 34 
New MF Res 1 0 0 0 0 0 1 1 1 1 1 2 2 2 2 2 3 3 3 3 3 
New Manuf Housing 1 0 0 1 2 3 5 7 8 10 12 14 16 18 20 22 24 26 28 30 32 
New Res Light 1 0 0 0 1 2 3 4 5 5 6 7 8 9 10 11 12 13 14 15 16 
Wtr Htr Heat Pumps 0 0 0 0 1 2 3 4 6 7 8 10 11 13 14 16 17 18 20 21 
BP A Contract Recall 64 128 192 242 242 242 242 292 292 292 292 292 292 292 292 292 292 292 292 292 
Cons. Volt. Reg. 0 2 6 10 14 18 23 27 31 35 39 41 41 41 41 41 41 41 41 41 
Industrial 1 0 2 6 15 24 33 43 52 61 70 79 88 98 107 116 126 135 144 154 163 
Irrigation 1 0 0 1 2 2 3 4 5 5 6 7 7 8 9 9 10 11 11 12 13 
T&D Effie Impr 0 3 8 13 18 23 28 34 39 44 49 54 59 64 70 75 80 85 90 96 
Industrial 2 0 1 4 10 16 23 29 35 41 48 54 60 67 73 80 86 93 99 106 112 
Exist. Commercial 1 0 1 5 11 19 29 39 48 58 68 78 87 97 106 116 126 135 145 155 164 0 

tTl 
MF Res Weath 0 1 2 3 5 6 8 9 10 12 13 13 13 13 13 13 13 13 13 13 ..., 
SF Res Weath 0 3 9 16 24 31 39 46 54 61 64 64 64 64 64 64 64 64 64 64 tTl 

Ex. Res. Lighting-! 0 0 0 0 0 0 0 0 0 0 0 1 2 4 5 6 8 9 10 11 ~ 
High Cost Block 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 z 

vi ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ..., 
Subtotal 64 144 241 337 392 453 517 627 689 751 811 864 918 971 1026 1080 1131 1177 1225 1272 i'i 

GENERA TING RESOURCES: m 
0 

Hydro Eff Imp 0 0 0 15 30 45 60 75 75 75 75 75 75 75 75 75 75 75 75 75 C: 
Small Hydro 1 0 0 0 0 0 0 5 10 14 14 14 14 14 14 14 14 14 14 14 14 f5 
Combined Cycle 1 0 0 0 0 0 0 0 0 357 357 714 714 714 714 714 714 714 714 714 714 tTl 

Small Hydro 2 0 0 0 0 0 0 0 0 7 11 11 14 18 18 18 18 18 18 18 18 "' (') 

Thermal Eff Imp 0 0 0 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 ::r: 
tTl 

Cogen 1 0 0 0 0 0 0 0 0 0 40 40 40 60 60 80 80 80 80 80 80 0 
Cogen 2 0 0 0 0 0 0 0 0 0 8 8 8 8 8 8 8 8 8 8 8 C: 

r 
Combined Cycle 2 0 0 0 0 0 0 0 0 0 0 0 0 0 357 357 357 357 714 714 714 g:J 
Mun. Solid Waste 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 6 Cogen 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 32 88 88 88 88 :;,:, 

] Wind 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ..., 
Geothermal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ::r: 

tTl 
z Small Hydro 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ 0 Cogen 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 cl Wind 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 tTl 
::r: :;,:, 

~ 
Small Hydro 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 z 
Biomass 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ ..., 
Wind 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ ..,, 

0 0 0 0 0 0 0 0 0 0 0 Replacement 0 0 0 0 0 0 0 0 0 0 
m ~ ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----

tTl Subtotal 0 0 0 21 36 51 71 91 459 511 868 871 895 1252 1280 1304 1360 1717 1717 1725 0 :;,:, ..,, C: 

~ Total Firm Resources 5141 5070 5018 5227 5220 5217 5319 5629 5897 5853 6184 6152 6048 6267 6246 6329 6387 6682 6612 6676 f5 
tTl 

I 
Loa.cl/Resource Balance ~ < -221 -301 -394 -246 -306 -365 -335 -96 105 -5 273 181 20 162 57 51 26 236 76 50 cl 0 

r 6 C: s: 5 tTl 

= "' 



0 :8 m ..., 
:5-APR-91 13:38:40 m z Study ID 

~ 0 Study Title:No Coal or Nuclear - MEDIUM HIGH LOADS q z :i:: 
SYSTEM SUMMARY:Observed Loads and Resources (Avg MW),PARTY = IOUs c;; ::3 ..., 

f;l n ..., Operating Year 90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05 05-06 06-07 07-08 08-09 09-10 ~ .,, 
----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----0 

0 ::3 Observed Load 9398 9637 9839 10036 10240 10450 10660 10858 11048 11228 11400 11587 11780 11997 12234 12478 12706 12940 13187 13427 C m Observed Rate 2.54% 2.09% 2.00% 2.04% 2.04% 2.01% 1.86% 1.75% 1.63% 1.53% 1.63% 1.67% 1.84% 1.98% 1.99% 1.83% 1.84% 1.91% 1.82% f\ ,, .,, 
m 

~ Existing Resources 9411 9392 9340 9287 9214 9141 8976 8811 8691 8571 8520 8469 8445 8388 8344 8184 8132 8142 8161 7923 Vl n z 
:i: I m < BP A Requirements 107 138 188 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 C 
r r 

CONSERVATION PROGRAMS: m C: 

"' :i: Water Heat 1 0 0 0 0 7 21 36 53 69 86 104 123 142 163 184 204 217 222 226 228 d m 
::: New Commercial 1 0 2 5 11 23 40 57 75 93 112 131 151 171 192 214 234 256 278 300 324 ,, 

Commercial R&R 1 0 5 11 16 21 27 32 37 43 48 53 59 64 69 75 80 85 91 96 101 ..., 
New SF Res 1 0 0 2 3 6 9 13 16 20 24 27 31 35 39 43 47 51 54 58 62 :i: 

m New MF Res 1 0 0 0 1 1 2 2 3 3 4 5 5 6 7 7 8 9 9 10 10 > New Manuf Housing 1 0 1 2 5 8 13 17 22 27 33 38 43 49 54 59 65 70 75 80 85 :::; 
New Res Light 1 0 0 1 1 3 4 5 7 8 9 11 12 14 15 17 18 19 21 22 23 m ,, 
Wtr Htr Heat Pumps 0 0 1 3 5 7 10 13 16 19 23 26 29 33 36 39 43 46 49 52 z 
Cons. Volt. Reg. 0 3 9 15 21 27 33 38 44 50 56 59 59 59 59 59 59 59 59 59 :'.i 
Industrial 1 0 2 6 15 24 33 43 52 61 70 79 88 98 107 116 126 135 144 154 163 < m Irrigation 1 0 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 ,, 
T&D Effie Impr 0 2 7 12 17 22 27 31 36 41 46 51 56 60 65 70 75 80 84 89 m 

Vl Industrial 2 0 1 4 10 16 23 29 35 41 48 54 60 67 73 80 86 93 99 106 112 0 
Exist. Commercial 1 0 2 10 22 38 57 77 96 115 134 153 172 191 210 229 249 268 287 306 325 C 

f\ MF Res Weath 0 2 6 11 17 22 27 32 38 43 44 44 44 44 44 44 44 44 44 44 m SF Res Wea.th 0 2 8 15 22 29 36 43 50 57 59 59 59 59 59 59 59 59 59 59 .,, 
Ex. Res. Lighting-I 0 1 2 4 5 7 8 10 12 13 14 15 15 15 15 15 15 15 15 15 0 

q High Cost Block 0 0 0 0 0 0 0 0 0 0 0 3 12 24 36 48 60 72 84 96 d ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- r Subtotal 0 23 75 146 237 347 457 569 683 799 906 1011 1122 1235 1351 1465 1573 1671 1769 1865 0 
Vl 

GENERATING RESOURCES: 
Hydro Eff Imp 0 0 0 10 20 30 35 35 35 35 35 35 35 35 35 35 35 35 35 35 Small Hydro 1 0 0 0 0 0 0 14 29 43 52 62 71 76 76 76 76 76 76 76 76 Combined Cycle 1 0 0 0 0 0 0 0 357 357 357 357 357 357 357 357 357 357 357 357 357 Small Hydro 2 0 0 0 0 0 0 11 22 33 43 51 58 65 72 80 83 83 83 83 83 Thermal Eff Imp 0 0 0 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 Cogen 1 0 0 0 0 40 160 280 400 420 420 420 420 420 420 420 420 420 420 420 420 Cogen 2 0 0 0 0 0 0 0 41 49 49 49 49 49 49 49 49 49 49 49 49 Combined Cycle 2 0 0 0 0 0 0 0 0 0 357 357 357 357 357 357 357 357 357 357 357 Mun. Solid Waste 0 0 0 0 0 0 0 0 0 8 8 8 8 15 15 15 15 23 23 30 Cogen 3 0 0 0 0 0 0 0 0 328 416 520 624 768 912 960 960 960 960 960 960 Wind 1 0 0 0 0 0 0 0 0 17 17 17 17 17 17 29 29 29 29 29 29 Geothermal 0 0 0 0 0 0 0 0 105 105 105 105 105 105 175 245 280 280 280 280 Small Hydro 3 0 0 0 0 0 0 0 0 0 0 0 15 26 33 41 55 66 77 89 100 Cogen 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 32 184 264 296 312 432 Wind 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 40 79 119 158 198 238 Small Hydro 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 11 22 33 44 55 Biomass 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 18 54 Wind 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 22 44 71 99 Replacement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----Subtotal 0 0 0 60 110 240 390 934 1437 1909 2031 2166 2333 2498 2716 3005 3204 3327 3451 3704 

Total Firm Resources 9519 9554 9601 9493 9561 9727 9822 10313 10811 11279 11457 11648 11901 12125 12411 12656 12909 13141 13381 13493 

Load/Resource Balance 121 -83 -237 -542 -679 -723 -837 -545 -237 51 57 62 120 127 177 178 203 201 194 66 
> .,, .,, 
m z 
0 
$::: 

"' I I f "'" V, 
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Study ID :5-APR-91 13:38:40 z 
0 

Study Title:No Coal or Nuclear - MEDIUM HIGH LOADS x 
SYSTEM SUMMARY:Observed Loads and Resources (Avg MW),PARTY = Generating Publics 

0 
I 
0, 

Operating Year 90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05 05-06 06-07 07-08 08-09 09-10 
----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ---· 

Observed Load 4705 4830 4935 5038 5144 5252 5361 5464 5568 5667 5754 5849 5949 6061 6183 6309 6427 6548 6676 6801 
Observed Rate 2.67% 2.18% 2.09% 2.10% 2.11% 2.07% 1.92% 1.89% 1.78% 1.54% 1.64% 1.71% 1.88% 2.02% 2.04% 1.87% 1.88% 1.96% 1.86% 

Existing Resources 2445 2432 2450 2468 2451 2435 2434 2433 2411 2390 2394 2398 2381 2365 2372 2496 2559 2559 2559 2699 

BP A Requirements 2260 2398 2485 2571 2693 2817 2927 2880 2999 3113 3192 3278 3389 3511 3621 3622 3675 3790 3912 3897 

CONSERVATION PROGRAMS: 
Water Heat 1 0 0 0 0 3 8 14 20 26 32 39 47 54 62 69 77 82 84 85 85 
New Commercial 1 0 0 1 3 7 11 16 20 25 30 35 40 45 51 56 62 67 73 79 85 
Commercial R&R 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
New SF Res 1 0 0 1 2 3 5 7 8 10 12 14 16 18 20 22 24 25 27 29 31 
New MF Res 1 0 0 0 0 0 1 1 1 1 1 1 2 2 2 2 2 3 3 3 3 
New Manuf Housing 1 0 0 1 2 3 4 6 8 10 11 13 15 17 19 21 22 24 26 28 29 
New Res Light 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Wtr Htr Heat Pumps 0 0 0 0 1 2 3 4 5 6 8 9 10 12 13 14 16 17 18 20 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ---· 
Subtotal 0 0 3 7 17 31 47 61 77 92 110 129 146 166 183 201 217 230 242 253 

GENERA TING RESOURCES: 
Replacement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Subtotal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Total Firm Resources 4705 4831 4938 5045 5160 5283 5407 5374 5487 5596 5696 5804 5917 6041 6176 6320 6451 6578 6712 6849 I I Load/Resource Balance 0 1 3 7 16 31 45 -91 -81 -71 -58 -44 -32 -20 -7 11 24 30 36 49 
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z Study ID :5-APR-91 13:38:40 
tl1 ,, 

0 Study Title:No Coal or Nuclear - MEDIUM HIGH LOADS ::: 
cl z 
::r: 

SYSTEM SUMMARY:Observed Loads and Resources (Avg MW),PARTY = REGION 
iii 

~ 
.., 
ri 

"' .., Operating Year 90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05 05-06 06-07 07-08 08-09 09-10 ,, 
..,, 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- m 
0 ----- ----- 0 

~ Observed Load 17183 17608 17949 18303 18682 19072 19464 19837 20197 20542 20869 21222 21587 21993 22438 22895 23325 23764 24230 24683 C: ,, Observed Rate 2.47% 1.94% 1.97% 2.07% 2.09% 2.06% 1.91% 1.82% 1.71% 1.59% 1.69% 1.72% 1.88% 2.02% 2.04% 1.88% 1.89% 1.96% 1.87% fi ..,, OSI Firm Load 2282 2230 2237 2244 2228 2212 2211 2211 2211 2210 2197 2183 2170 2170 2170 2170 2170 2170 2170 2170 tl1 

s: (/) 

n z Existing Resources 19300 19286 19239 19193 19150 19106 19071 19036 18849 18663 18611 18559 18449 18306 18276 18247 18263 18278 18304 18199 ::r: 
I tl1 

< Cl 
0 CONSERVATION PROGRAMS: 

C: 
t-< ~ C: Water Heat 1 0 0 0 0 13 38 65 94 123 152 185 220 255 292 328 364 388 397 403 406 
::: "' 
tl1 New Commercial 1 0 2 7 16 34 58 82 107 133 160 187 215 243 273 304 333 363 395 426 460 '!1 

::: Commercial R&R 1 0 8 16 24 32 40 48 56 65 72 80 89 96 104 113 120 128 137 145 152 0 ,, 
New SF Res 1 0 0 4 7 13 19 27 33 41 49 56 64 72 80 89 97 104 111 119 127 :;j 

New MF Res 1 0 0 0 1 1 4 4 5 5 6 8 9 10 11 11 13 15 15 16 16 m 
New Manuf Housing 1 0 1 4 9 14 22 30 38 47 56 65 74 84 93 102 111 120 129 138 146 :,,. 
New Res Light 1 0 0 1 2 5 7 9 12 13 15 18 20 23 25 28 30 32 35 37 39 Ci 
Wtr Htr Heat Pumps 0 0 1 3 7 11 16 21 27 32 39 45 50 58 63 69 76 81 87 93 tl1 ,, 
BPA Contract Recall 64 128 192 242 242 242 242 292 292 292 292 292 292 292 292 292 292 292 292 292 z 
Cons. Volt. Reg. 0 5 15 25 35 45 56 65 75 85 95 100 100 100 100 100 100 100 100 100 ::; 
Industrial 1 0 4 12 30 48 66 86 104 122 140 158 176 196 214 232 252 270 288 308 326 ~ 
Irrigation 1 0 0 2 4 5 7 9 11 12 14 16 17 19 21 22 24 26 27 29 31 

&l T&D Effie lmpr 0 5 15 25 35 45 55 65 75 85 95 105 115 124 135 145 155 165 174 185 
"' Industrial 2 0 2 8 20 32 46 58 70 82 96 108 120 134 146 160 172 186 198 212 224 0 

Exist. Commercial 1 0 3 15 33 57 86 116 144 173 202 231 259 288 316 345 375 403 432 461 489 C: 

MF Res Weath 0 3 8 14 22 28 35 41 48 55 57 57 57 57 57 57 57 57 57 57 fi 
tl1 

SF Res Weath 0 5 17 31 46 60 75 89 104 118 123 123 123 123 123 123 123 123 123 123 ..,, 
Ex. Res. Lighting-I 0 1 2 4 5 7 8 10 12 13 14 16 17 19 20 21 23 24 25 26 0 

cl High Cost Block 0 0 0 0 0 0 0 0 0 0 0 3 12 24 36 48 60 72 84 98 
6 ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----

Subtotal 64 167 319 490 646 831 1021 1257 1449 1642 1827 2004 2186 2372 2560 2746 2921 3078 3236 3390 t: 
0 
"' 

GENERA TING RESOURCES: 
Hydro Eff Imp 0 0 0 25 50 75 95 110 110 110 110 110 110 110 110 110 110 110 110 110 
Small Hydro 1 0 0 0 0 0 0 19 39 57 66 76 85 90 90 90 90 90 90 90 90 
Combined Cycle 1 0 0 0 0 0 0 0 357 714 714 1071 1071 1071 1071 1071 1071 1071 1071 1071 1071 
Small Hydro 2 0 0 0 0 0 0 11 22 40 54 62 72 83 90 98 101 101 101 101 101 
Thermal Eff Imp 0 0 0 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 
Cogen 1 0 0 0 0 40 160 280 400 420 460 460 460 -i80 480 500 500 500 500 500 500 
Cogen 2 0 0 0 0 0 0 0 41 49 57 57 57 57 57 57 57 57 57 57 57 
Combined Cycle 2 0 0 0 0 0 0 0 0 0 357 357 357 357 714 714 714 714 1071 1071 1071 
Mun. Solid Waste 0 0 0 0 0 0 0 0 0 8 8 8 8 15 15 15 15 23 23 38 
Cogen 3 0 0 0 0 0 0 0 0 328 416 520 624 768 912 968 992 1048 1048 1048 1048 
Wind 1 0 0 0 0 0 0 0 0 17 17 17 17 17 17 29 29 29 29 29 29 
Geothermal 0 0 0 0 0 0 0 0 105 105 105 105 105 105 175 245 280 280 280 280 
Small Hydro 3 0 0 0 0 0 0 0 0 0 0 0 15 26 33 41 55 66 77 89 100 
Cogen 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 32 184 264 296 312 432 
Wind 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 40 79 119 158 198 238 
Small Hydro 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 11 22 33 44 55 
Biomass 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 18 54 
Wind 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 22 44 71 99 
Replacement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Subtotal 0 0 0 81 146 291 461 1025 1896 2420 2899 3037 3228 3750 3996 4309 4564 5044 5168 5429 

Total Firm Resources 19365 19455 19558 19765 19942 20227 20548 21317 22195 22728 23338 23604 23866 24433 24834 25305 25747 26401 26706 27018 

Load/Resource Balance -100 -383 -628 -781 -969 -1057 -1127 -731 -213 -25 272 198 109 269 226 241 253 466 305 165 
I :,,. ..,, ..,, 
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Study ID :8-APR-91 12:30:15 

I 
z 
0 

Study Title:No Coal or Nuclear - HIGH LOADS x 
0 

SYSTEM SUMMARY:Observed Loads and Resources (Avg MW),PARTY = BPA 
I 

"" 
Operating Year 90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05 05-06 06-07 07-08 08-09 09-10 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Observed Load 3151 3260 3326 3414 3523 3631 3745 3846 3943 4045 4148 4254 4357 4468 4594 4718 4835 4955 5080 5206 
Observed Rate 3.47% 2.02% 2.66% 3.17% 3.07% 3.15% 2.69% 2.53% 2.59% 2.55% 2.54% 2.43% 2.55% 2.80% 2.71% 2.48% 2.47% 2.52% 2.48% 
OSI Firm Load 2336 2314 2335 2357 2356 2355 2354 2354 2353 2352 2326 2301 2275 2275 2275 2275 2275 2275 2275 2275 

Existing Resources 7444 7462 7450 7438 7484 7530 7661 7792 7747 7703 7698 7692 7623 7553 7560 7566 7572 7577 7583 7577 

BP A Requirements -2489 -2749 -2944 -2905 -3101 -3295 -3471 -3441 -3607 -3781 -3921 -4064 -4222 -4392 -4561 -4616 -4728 -4903 -5085 -5134 

CONSERVATION PROGRAMS: 
Water Heat 1 0 0 0 0 3 10 17 24 32 39 47 57 66 76 86 96 102 104 106 108 
New Commercial 1 0 0 1 3 6 9 13 16 20 24 27 31 35 38 42 46 50 54 58 63 
Commercial R&R 1 0 3 5 8 10 13 15 18 20 23 25 28 30 33 36 38 41 43 46 48 
New SF Res 1 0 1 2 3 6 9 13 16 19 23 26 29 33 36 40 43 46 50 53 57 
New MF Res 1 0 0 0 0 0 1 1 1 1 2 2 2 2 2 3 3 3 3 4 4 
New Manuf Housing 1 0 0 1 2 3 4 6 8 9 11 13 15 16 18 20 22 23 25 27 29 
New Res Light 1 0 0 1 1 2 4 5 7 8 9 11 12 13 15 16 18 19 20 22 23 
Wtr Htr Heat Pumps 0 0 0 0 1 3 4 6 8 10 12 14 17 19 21 23 25 27 29 31 
BP A Contract Recall 192 192 192 242 242 242 242 292 292 292 292 292 292 292 292 292 292 292 292 292 
Cons. Volt. Reg. 0 2 6 10 14 18 23 27 31 35 39 41 41 41 41 41 41 41 41 41 
Industrial 1 0 2 6 15 24 33 43 52 61 70 79 88 98 107 116 126 135 144 154 163 
Irrigation 1 0 0 1 2 2 3 4 5 5 6 7 7 8 9 9 10 11 11 12 13 
T&D Effie Impr 0 3 8 13 18 23 28 34 39 44 49 54 59 64 70 75 80 85 90 96 
Industrial 2 0 1 4 10 16 23 29 35 41 48 54 60 67 73 80 86 93 99 106 112 
Exist. Commercial 1 0 1 5 11 19 29 39 48 58 68 78 87 97 106 116 126 135 145 155 164 0 

tr1 
MF Res Weath 0 1 2 3 5 6 8 9 10 12 13 13 13 13 13 13 13 13 13 13 

..., 
tr1 

SF Res Weath 0 3 9 16 24 31 39 46 54 61 64 64 64 64 64 64 64 64 64 64 ~ Ex. Res. Lighting-I 0 0 0 0 0 0 0 0 0 0 0 1 2 4 5 6 8 9 10 11 
High Cost Block 0 0 0 0 0 0 0 0 0 0 2 8 16 24 32 40 48 56 64 72 z 

vi ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ;j 
Subtotal 192 209 243 339 395 461 529 644 708 777 840 903 969 1034 1102 1168 1229 1285 1346 1404 () 

" 
GENERA TING RESOURCES: ~ 
Hydro Eff Imp 0 0 0 15 30 45 60 75 75 75 75 75 75 75 75 75 75 75 75 75 C: 

Small Hydro 1 0 0 0 0 0 0 5 10 14 14 14 14 14 14 14 14 14 14 14 14 Fi 
Combined Cycle 1 0 0 0 0 0 0 0 357 714 714 714 714 714 714 714 714 714 714 714 714 tr1 

"" Small Hydro 2 0 0 0 0 0 0 4 7 11 14 14 14 14 14 14 14 14 14 14 14 () 

Thermal Eff Imp 0 0 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 
:i: 
tr1 

Cogen 1 0 0 0 0 0 20 60 80 80 80 80 80 80 80 80 80 80 80 80 80 0 
C: 

Cogen 2 0 0 0 0 0 0 0 8 8 8 8 8 8 8 8 8 8 8 8 8 r 
Combined Cycle 2 0 0 0 0 0 0 0 0 0 357 714 1071 1071 1071 1071 1071 1071 1071 1071 1071 Bl 
Mun. Solid Waste 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 8 8 6 
Cogen 3 0 0 0 0 0 0 0 0 56 112 168 168 168 168 168 168 168 168 168 168 " :8 Wind 1 0 0 0 0 0 0 0 0 0 6 6 6 6 6 6 6 6 6 6 6 

..., 
:i: - Geothermal 0 0 0 0 0 0 0 0 0 35 35 35 35 35 35 35 35 35 35 35 tr1 

z Small Hydro 3 0 0 0 0 0 0 0 0 0 0 4 4 7 11 15 18 18 18 18 18 ~ 0 
cl Cogen 4 0 0 0 0 0 0 0 0 0 0 0 0 40 80 80 80 80 80 80 80 tr1 
:i: Wind 2 0 0 0 0 0 0 0 0 0 0 8 8 16 24 32 40 48 55 55 55 s1 
~ Small Hydro 4 0 0 0 0 0 0 0 0 0 0 0 0 0 4 7 11 15 15 15 15 

~ "' Biomass 0 0 0 0 0 0 0 0 0 0 0 0 0 18 18 18 18 18 18 18 ..., < 
"0 Wind 3 0 0 0 0 0 0 0 0 0 0 0 11 16 22 27 33 38 44 44 44 tr1 
0 Replacement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

~ ~ 
tr1 ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----

" Subtotal 0 0 6 21 36 71 135 543 964 1421 1846 2214 2270 2350 2370 2391 2408 2429 2429 2429 
"0 C: 

s:: Total Firm Resources 5147 4921 4754 4895 4816 4768 4851 5536 5814 6120 6463 6747 6641 6546 6471 6509 6481 6391 6273 6274 
fi 

z tr1 
I 

.,, 
6 Load/Resource Balance -340 -653 -907 -876 -1062 -1217 -1248 -663 -482 -277 -12 192 9 -197 -397 -484 -629 -838 -1081 -1206 

0 

r cl 
C: 6 :::: 5 tr1 

= "' 
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z Study ID :8-APR-91 12:30:15 m 
0 ;,:, 

cl Study Title:No Coal or Nuclear - HIGH LOADS s: 
:r z 
~ SYSTEM SUMMARY:Observed Loads and Resources (Avg MW),PARTY = IOUs vi 

-l 

"' 1'i 
-l Operating Year 90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05 05-06 06-07 07-08 08-09 09-10 ;,:, ..,, 
0 ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- tl1 

"' :E! Observed Load 9642 10059 10381 10709 11061 11407 11751 12045 12332 12636 12932 13232 13524 13842 14203 14557 14898 15246 15608 15970 0 
m i:: 
:,; Observed Rate 4.33% 3.20% 3.16% 3.29% 3.13% 3.01% 2.50% 2.39% 2.46% 2.34% 2.32% 2.21% 2.36% 2.60% 2.50% 2.34% 2.34% 2.37% 2.32% fl ..,, 
s: m 

Existing Resources 9411 9392 9340 9287 9214 9141 8976 8811 8691 8571 8520 8469 8445 8388 8344 8184 8132 8142 8161 7923 "' z n 
I :r 
< BP A Requirements 107 138 188 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 m 
0 Cl 
r i:: 
i:: CONSERVATION PROGRAMS: 

r 
s: f;l 
tl1 Water Heat 1 0 0 0 0 8 24 41 60 79 98 118 138 161 186 211 235 250 257 262 265 

d New Commercial 1 0 3 6 16 34 55 77 100 123 147 170 193 217 242 268 292 318 344 371 398 

Commercial R&R 1 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 
:,; 
-l 

New SF Res 1 0 1 3 6 10 16 22 28 34 40 47 53 59 66 72 79 85 91 97 104 51 
New MF Res 1 0 0 0 1 1 2 2 3 4 5 5 6 7 7 8 9 10 10 11 12 :,, 
New Manuf Housing 1 0 1 2 4 7 12 16 20 25 30 35 39 44 49 53 58 63 67 72 76 Si 
New Res Light 1 0 0 1 2 4 6 8 9 11 13 15 17 19 22 24 26 27 29 31 33 m 

Wtr Htr Heat Pumps 0 1 2 4 7 11 15 19 24 29 34 38 43 48 53 58 62 67 72 76 ~ 
Cons. Volt. Reg. 0 3 9 15 21 27 33 38 44 50 56 59 59 59 59 59 59 59 59 59 ~ 
Industrial 1 0 2 6 15 24 33 43 52 61 70 79 88 98 107 116 126 135 144 154 163 ~ 
Irrigation 1 0 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 ;,:, 
T&D Effie Impr 0 2 7 12 17 22 27 31 36 41 46 51 56 60 65 70 75 80 84 89 f;l 
Industrial 2 0 1 4 10 16 23 29 35 41 48 54 60 67 73 80 86 93 99 106 112 0 
Exist. Commercial 1 0 2 10 22 38 57 77 96 115 134 153 172 191 210 229 249 268 287 306 325 i:: 

MF Res Weath 0 2 6 11 17 22 27 32 38 43 44 44 44 44 44 44 44 44 44 44 fl 
SF Res Weath 0 2 8 15 22 29 36 43 50 57 59 59 59 59 59 59 59 59 59 59 m ..,, 
Ex. Res. Lighting-I 0 1 2 4 5 7 8 10 12 13 14 15 15 15 15 15 15 15 15 15 0 

High Cost Block 0 0 0 0 0 0 0 0 0 0 3 12 24 36 48 60 72 84 96 108 cl 
----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- 6 

Subtotal 0 26 77 154 254 375 496 617 744 871 991 1109 1234 1360 1487 1614 1730 1837 1946 2051 r 
i5 
"' 

GENERA TING RESOURCES: 
Hydro Eff Imp 0 0 0 10 20 30 35 35 35 35 35 35 35 35 35 35 35 35 35 35 
Small Hydro 1 0 0 0 0 0 0 14 29 43 52 62 71 76 76 76 76 76 76 76 76 
Combined Cycle 1 0 0 0 0 0 0 0 357 357 357 357 357 357 357 357 357 357 357 357 357 
Small Hydro 2 0 0 0 0 0 0 11 22 33 43 51 58 65 72 80 87 87 87 87 87 
Thermal Eff Imp 0 0 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 
Cogen 1 0 0 0 0 40 160 280 400 420 420 420 420 420 420 420 420 420 420 420 420 
Cogen 2 0 0 0 0 0 0 0 41 49 49 49 49 49 49 49 49 49 49 49 49 
Combined Cycle 2 0 0 0 0 0 0 0 0 0 357 357 357 357 357 357 357 357 357 357 357 
Mun. Solid Waste 0 0 0 0 0 0 0 0 0 8 8 8 8 15 15 15 15 23 23 30 
Cogen 3 0 0 0 0 0 0 0 0 328 656 960 960 960 960 960 960 960 960 960 960 
Wind 1 0 0 0 0 0 12 23 23 23 23 23 23 23 23 23 23 23 23 23 23 
Geothermal 0 0 0 0 0 105 175 245 280 280 280 280 280 280 280 280 280 280 280 280 
Small Hydro 3 0 0 0 0 0 0 15 30 44 59 74 85 96 107 107 107 107 107 107 107 

Cogen 4 0 0 0 0 0 0 0 0 0 0 0 232 456 456 456 456 456 456 456 456 

Wind 2 0 0 0 0 0 0 40 79 119 158 198 238 277 309 317 317 317 317 317 317 
Small Hydro 4 0 0 0 0 0 0 15 29 44 58 69 76 76 76 76' 76 76 76 76 76 
Biomass 0 0 0 0 0 54 90 90 90 90 90 90 90 90 90 90 90 90 90 90 
Wind 3 0 0 0 0 0 0 0 0 0 0 27 55 82 110 137 165 192 209 209 209 
Replacement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Subtotal 0 0 50 60 110 411 748 1430 1915 2695 3110 3444 3757 3842 3885 3920 3947 3972 3972 3979 

Total Firm Resources 9519 9555 9654 9501 9579 9926 10218 10859 11350 12139 12622 13025 13438 13593 13718 13718 13810 13952 14079 13955 

Load/Resource Balance -123 -505 -726 -1208 -1482 -1482 -1533 -1185 -982 -497 -310 -207 -85 -249 -484 -839 -1088 -1294 -1528 -2014 . ~ ..,, 
m z 
0 
$< 

"' I I t ... 
"' 
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Study ID :8-APR-91 12:30:15 z 
Study Title:No Coal or Nuclear - HIGH LOADS 

0 x 
SYSTEM SUMMARY:Observed Loads and Resources (Avg MW),PARTY = Generating Publics 

0 
I 
to 

Operating Year 90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05 05-06 06-07 07-08 08-09 09-10 
----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----

Observed Load 4827 5043 5206 5373 5553 5730 5905 6055 6208 6369 6521 6675 6825 6989 7173 7355 7535 7719 7911 8103 
Observed Rate 4.49% 3.23% 3.19% 3.35% 3.19% 3.06% 2.54% 2.52% 2.59% 2.39% 2.37% 2.24% 2.39% 2.64% 2.54% 2.45% 2.45% 2.48% 2.43% 

Existing Resources 2445 2432 2450 2468 2451 2435 2434 2433 2411 2390 2394 2398 2381 2365 2372 2496 2559 2559 2559 2699 

BP A Requirements 2382 2611 2756 2905 3101 3295 3471 3441 3607 3781 3921 4064 4222 4392 4561 4616 4728 4903 5085 5134 

CONSERVATION PROGRAMS: 
Water Heat 1 0 0 0 0 3 9 16 22 29 36 44 52 61 70 79 88 94 96 98 99 
New Commercial 1 0 1 2 5 10 15 21 27 33 40 45 51 58 64 71 77 84 90 97 105 
Commercial R&R 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
New SF Res 1 0 0 1 3 5 9 12 15 18 21 24 27 30 33 37 40 43 46 49 52 
New MF Res 1 0 0 0 0 0 1 1 1 1 1 2 2 2 2 2 3 3 3 3 4 
New Manuf Housing 1 0 0 1 1 3 4 6 7 9 10 12 14 15 17 18 20 22 23 25 26 
New Res Light 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Wtr Htr Heat Pumps 0 0 0 0 1 2 4 6 8 10 12 13 15 17 19 21 23 25 27 29 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Subtotal 0 1 4 9 22 40 60 78 98 118 139 159 181 203 226 249 269 283 299 315 

GENERA TING RESOURCES: 
Replacement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Subtotal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Total Firm Resource5 4827 5045 5211 5382 5575 5770 5964 5952 6116 6288 6453 6621 6785 6962 7160 7361 7554 7745 7943 8148 I I Load/Re5ource Balance 0 1 4 10 22 40 59 -103 -92 -81 -68 -54 -41 -27 -13 6 19 26 32 45 
z 
~ 
n 
" t!1 
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.., 
:,: 
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-l 

z Study ID :8-APR-91 12:30:15 
tT1 

0 ~ 
:'.:l Study Title:No Coal or Nuclear - HIGH LOADS z 
~ SYSTEM SUMMARY:Observed Loads and Resources (Avg MW),PARTY = REGION 

1ii 
-l 

(/) n 
-l Operating Year 90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05 05-06 06-07 07-08 08-09 09-10 ;,, .,, tT1 
0 ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- (/) 

:E Observed Load 17619 18363 18913 19496 20136 20768 21401 21946 22483 23050 23601 24161 24706 25299 25970 26631 27269 27920 28598 29278 0 
trl C: 
;,, Observed Rate 4.22% 3.00% 3.08% 3.29% 3.14% 3.05% 2.54% 2.45% 2.52% 2.39% 2.37% 2.26% 2.40% 2.65% 2.55% 2.40% 2.39% 2.43% 2.38% fl 
-0 DSI Firm Load 2336 2314 2335 2357 2356 2355 2354 2354 2353 2352 2326 2301 2275 2275 2275 2275 2275 2275 2275 2275 tT1 s: (/) 

z (l 

I Existing Resources 19300 19286 19239 19193 19150 19106 19071 19036 18849 18663 18611 18559 18449 18306 18276 18247 18263 18278 18304 18199 :i: 
tT1 < 0 0 

CONSERVATION PROGRAMS: C: 
E r 

Water Heat 1 0 0 0 0 14 43 74 106 140 173 209 247 288 332 376 419 446 457 466 472 tT1 
~ (/) 

trl New Commercial 1 0 4 9 24 50 79 111 143 176 211 242 275 310 344 381 415 452 488 526 566 6 = Commercial R&R 1 0 8 15 23 30 38 45 53 60 68 75 83 90 98 106 113 121 128 136 143 ;,, 
New SF Res 1 0 2 6 12 21 34 47 59 71 84 97 109 122 135 149 162 174 187 199 213 -l 

New MF Res 1 0 0 0 1 1 4 4 5 6 8 9 10 11 11 13 15 16 16 18 20 :i: 
tT1 

New Manuf Housing 1 0 1 4 7 13 20 28 35 43 51 60 68 75 84 91 100 108 115 124 131 :,. 
New Res Light 1 0 0 2 3 6 10 13 16 19 22 26 29 32 37 40 44 46 49 53 56 ~ 
Wtr Htr Heat Pumps 0 1 2 4 9 16 23 31 40 49 58 65 75 84 93 102 110 119 128 136 tT1 

;,, 
BP A Contract Recall 192 192 192 242 242 242 242 292 292 292 292 292 292 292 292 292 292 292 292 292 z 
Cons. Volt. Reg. 0 5 15 25 35 45 56 65 75 85 95 100 100 100 100 100 100 100 100 100 ::i 
Industrial 1 0 4 12 30 48 66 86 104 122 140 158 176 196 214 232 252 270 288 308 326 < 

tT1 
Irrigation 1 0 0 2 4 5 7 9 11 12 14 16 17 19 21 22 24 26 27 29 31 ;,, 
T&D Effie Impr 0 5 15 25 35 45 55 65 75 85 95 105 115 124 135 145 155 165 174 185 f)l 
Industrial 2 0 2 8 20 32 46 58 70 82 96 108 120 134 146 160 172 186 198 212 224 0 
Exist. Commercial 1 0 3 15 33 57 86 116 144 173 202 231 259 288 316 345 375 403 432 461 489 C: 

fl MF Res Weath 0 3 8 14 22 28 35 41 48 55 57 57 57 57 57 57 57 57 57 57 tT1 
SF Res Weath 0 5 17 31 46 60 75 89 104 118 123 123 123 123 123 123 123 123 123 123 .,, 
Ex. Res. Lighting-1 0 1 2 4 5 7 8 10 12 13 14 16 17 19 20 21 23 24 25 26 0 

q 
High Cost Block 0 0 0 0 0 0 0 0 0 0 5 20 40 60 80 100 120 140 160 180 6 ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Subtotal 192 236 324 502 671 876 1085 1339 1550 1766 1970 2171 2384 2597 2815 3031 3228 3405 3591 3770 r:: 

0 
(/) 

GENERA TING RESOURCES: 
Hydro Eff Imp 0 0 0 25 50 75 95 110 110 110 110 110 110 110 110 110 110 110 110 110 
Small Hydro 1 0 0 0 0 0 0 19 39 57 66 76 85 90 90 90 90 90 90 90 90 
Combined Cycle 1 0 0 0 0 0 0 0 714 1071 1071 1071 1071 1071 1071 1071 1071 1071 1071 1071 1071 
Small Hydro 2 0 0 0 0 0 0 15 29 44 57 65 72 79 86 94 101 101 101 101 101 
Thermal Eff Imp 0 0 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 
Cogen 1 0 0 0 0 40 180 340 480 500 500 500 500 500 500 500 500 500 500 500 500 
Cogen 2 0 0 0 0 0 0 0 49 57 57 57 57 57 57 57 57 57 57 57 57 
Combined Cycle 2 0 0 0 0 0 0 0 0 0 714 1071 1428 1428 1428 1428 1428 1428 1428 1428 1428 
Mun. Solid Waste 0 0 0 0 0 0 0 0 0 8 8 8 8 15 15 15 15 31 31 38 
Cogen 3 0 0 0 0 0 0 0 0 384 768 1128 1128 1128 1128 1128 1128 1128 1128 1128 1128 
Wind 1 0 0 0 0 0 12 23 23 23 29 29 29 29 29 29 29 29 29 29 29 
Geothermal 0 0 0 0 0 105 175 245 280 315 315 315 315 315 315 315 315 315 315 315 
Small Hydro 3 0 0 0 0 0 0 15 30 44 59 78 89 103 118 122 125 125 125 125 125 
Cogen 4 0 0 0 0 0 0 0 0 0 0 0 232 496 536 536 536 536 536 536 536 
Wind 2 0 0 0 0 0 0 40 79 119 158 206 246 293 333 349 357 365 372 372 372 
Small Hydro 4 0 0 0 0 0 0 15 29 44 58 69 76 76 80 83 87 91 91 91 91 
Biomass 0 0 0 0 0 54 90 90 90 90 90 90 90 108 108 108 108 108 108 108 
Wind 3 0 0 0 0 0 0 0 0 0 0 27 66 98 132 164 198 230 253 253 253 
Replacement 0 0 0 0 0 0 0 ·o 0 0 0 0 0 0 0 0 0 0 0 0 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Subtotal 0 0 56 81 146 482 883 1973 2879 4116 4956 5658 6027 6192 6255 6311 6355 6401 6401 6408 

Total Firm Resources 19493 19521 19619 19778 19970 20464 21034 22348 23280 24546 25538 26393 26864 27101 27349 27588 27846 28089 28295 28377 

Load/Resource Balance -462 -1156 -1630 -2074 -2522 -2659 -2722 -1951 -1556 -856 -390 -69 -117 -473 -895 -1317 -1697 -2107 -2578 -3176 I :,. .,, .,, 
tT1 z 
0 x 

"' I I 
0 
I 

~ to 
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Study ID :8-APR-91 12:37:46 z 
Study Title:60% Conservation Penetration Ra.te - LOW LOADS 0 

)< 

SYSTEM SUMMARY:Observed Loads and Resources (Avg MW),PARTY = BPA :; 
I 
0, 

Operating Year 90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05 05-06 06-07 07-08 08-09 09-10 
----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----

Observed Load 2934 2915 2888 2881 2892 2907 2923 2936 2948 2958 2969 2982 2995 3012 3035 3058 3081 3103 3128 3155 
Observed Rate -0.63% -0.95% -0.24% 0.37% 0.51% 0.55% 0.47% 0.41% 0.34% 0.36% 0.45% 0.44% 0.57% 0.74% 0.76% 0.75% 0.71% 0.80% 0.87% 
DSI Firm Load 1982 1781 1579 1378 1176 974 973 972 971 848 725 602 479 479 479 479 479 479 479 479 

Existing Resources 7444 7462 7450 7438 7484 7530 7661 7792 7747 7703 7698 7692 7623 7553 7560 7566 7572 7577 7583 7577 

BP A Requirements -2108 -2104 -2122 -1903 -1918 -1937 -1946 -1854 -1876 -1895 -1889 -1889 -1909 -1936 -1949 -1851 -1809 -1826 -1846 -1736 

CONSERVATION PROGRAMS: 
Water Hea.t 1 0 0 0 0 2 5 8 12 15 19 23 28 33 37 41 45 48 48 49 49 
New Commercial 1 0 0 0 0 1 2 3 4 5 5 6 7 8 9 11 12 13 14 15 16 
Commercial R&R 1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 
New SF Res 1 0 0 0 0 1 1 1 2 2 2 3 3 3 4 4 5 5 5 6 6 
New MF Res 1 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 2 2 2 2 
New Manuf Housing 1 0 0 0 1 1 2 2 3 4 5 5 6 7 8 8 9 10 11 12 13 
New Res Light 1 0 0 0 0 1 1 1 1 2 2 2 2 3 3 3 3 4 4 4 4 
Wtr Htr Heat Pumps 0 0 0 0 0 0 1 1 1 2 2 2 3 3 3 4 4 4 5 5 
BP A Contract Recall 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cons. Volt. Reg. 0 1 4 7 10 13 16 19 22 25 25 25 25 25 25 25 25 25 25 25 
Industrial 1 0 1 4 11 17 24 30 36 43 49 49 49 49 49 49 49 49 49 49 49 
Irrigation 1 0 0 1 1 2 2 3 3 4 4 4 4 4 4 4 4 4 4 4 4 
T&D Effie Impr 0 2 6 9 13 16 20 24 27 31 31 31 31 31 31 31 31 31 31 31 
Industrial 2 0 1 3 7 12 16 20 25 29 34 34 34 34 34 34 34 34 34 34 34 
Exist. Commercial 1 0 1 4 8 13 20 27 34 41 48 48 48 48 48 48 48 48 48 48 48 0 
MF Res Wea.th 0 0 1 2 3 4 5 6 7 8 8 8 8 8 8 8 8 8 8 8 trl 

>-l 
SF Res Wea.th 0 2 6 12 17 22 28 33 38 43 43 43 43 43 43 43 43 43 43 43 trl 

"' Ex. Res. Lighting-I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 a:: 
High Cost Block 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 z 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- vi 
>-l Subtotal 0 9 31 61 97 133 171 210 249 287 294 302 312 320 327 336 344 347 353 356 n 
"' GENERA TING RESOURCES: m 

Hydro Eff Imp 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
C: 

Small Hydro 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 fl Combined Cycle 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 trl 
Small Hydro 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 (/) 

(") 
WNP 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 :i:: 
Thermal Eff Imp 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

trl 
0 

Cogen 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 C: 
r Cogen 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 trl 
"' WNP 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 Combined Cycle 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
"' Mun. Solid W a.ste 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 >-l :g Cogen 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 :i:: 
trl 

z Wind 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
~ 0 Geothermal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

~ Small Hydro 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 trl 

E. Mont Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ 
~ Cogen 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ 
"' E. Wash Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 < >-l 

trl "' E. Oregon Coa.l Ga.s 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 W. Wa/Or Coa.l Ga.s 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 "' ~ 
0 0 0 0 0 gi 

Nevada Coa.l Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
"' Wind 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 C: 
"' fl ~ 

Small Hydro 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Biomass 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

trl 

I Wind 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 c3 < Replacement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ::l 0 
6 r ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----C: 

a:: Subtotal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 C 
0 trl 
"' = Total Firm Resources 5336 5368 5360 5597 5663 5727 5886 6148 6120 6095 6103 6107 6026 5937 5940 6052 6106 6099 6090 6197 

Load/Resource Balance 420 672 893 1338 1595 1846 1990 2239 2200 2288 2409 2523 2551 2445 2425 2515 2546 2517 2483 2563 
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z Study ID :8-APR-91 12:37:46 
tr1 

0 ~ ::l Study Title:60% Conservation Penetration Rate - LOW LOADS 

~ 
z 

SYSTEM SUMMARY:Observed Loads and Resources (Avg MW),PARTY = IOUs vi ..., 
"' 1'i ..., 

Operating Year 90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05 05-06 06-07 07-08 08-09 09-10 ;,:, .,, 
0 ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- 8l 
:;; 

Observed Load 8920 8853 8823 8795 8785 8785 8795 8797 8791 8779 8771 8772 8776 8796 8831 8867 8901 8934 8973 9019 0 
tr1 C: 
;,:, Observed Rate -0. 75% -0.35% -0.32% -0.11 % 0.01% 0.11% 0.02% -0.07% -0.14% -0.09% 0.02% 0.05% 0.23% 0.39% 0.41% 0.38% 0.37% 0.44% 0.51% ~ .,, 
s: tr1 

Existing Resources 9411 9392 9340 9287 9214 9141 8976 8811 8691 8571 8520 8469 8445 8388 8344 8184 8132 8142 8161 7923 V, 

z ("l 

I Si < BP A Requirements 107 138 188 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 

c:, 
r C: 
C: r 
s: CONSERVATION PROGRAMS: tr1 

V, 

tr1 Water Heat 1 0 0 0 0 4 11 19 29 38 47 58 69 79 90 100 111 116 118 119 119 2l = New Commercial 1 0 0 1 2 6 11 17 22 28 34 40 47 53 60 67 74 81 88 96 103 ;,:, 
Commercial R&R 1 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 ..., 
New SF Res 1 0 0 0 1 1 2 2 3 3 4 5 5 6 7 8 8 9 10 10 11 ::i: 

tr1 
New MF Res 1 0 0 0 0 0 1 1 1 2 2 3 3 3 4 4 4 5 5 5 6 > 
New Manuf Housing 1 0 0 1 2 3 5 6 8 10 12 14 16 18 21 23 25 27 29 31 33 ti 
New Res Light 1 0 0 0 0 1 1 1 2 2 3 3 3 4 4 5 5 5 6 6 6 tr1 

;,:, 
Wtr Htr Heat Pumps 0 0 0 1 1 2 2 3 4 4 5 6 7 8 8 9 10 11 12 13 z 
Cons. Volt. Reg. 0 2 6 11 15 19 23 27 32 36 40 42 42 42 42 42 42 42 42 42 ~ 
Industrial 1 0 1 4 11 17 24 30 36 43 49 56 62 69 76 81 83 83 83 83 83 ~ 
Irrigation 1 0 0 1 1 2 3 3 4 5 5 6 7 7 8 9 9 10 11 12 12 

~ T&D Effie Impr 0 1 5 8 12 15 19 22 26 29 33 36 40 43 46 50 53 57 60 63 
Industrial 2 0 1 3 7 12 16 20 25 29 34 38 43 47 52 56 57 57 57 57 57 0 
Exist. Commercial 1 0 1 7 15 27 40 54 67 81 94 94 96 101 109 121 134 148 161 175 188 C: 

MF Res Weath 0 2 4 8 12 16 19 23 27 31 31 31 31 31 31 31 31 31 31 31 ~ 
tr1 

SF Res Weath 0 2 6 11 16 21 26 31 35 40 40 40 40 42 42 42 42 42 42 42 .,, 
Ex. Res. Lighting-1 0 1 1 2 4 5 6 7 8 10 10 10 10 10 10 10 10 10 10 10 0 

High Cost Block 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ::l 
----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- 2l 

Subtotal 0 13 43 86 141 202 260 324 389 452 496 538 581 633 681 724 761 795 827 857 C 
0 
V, 

GENERA TING RESOURCES: 
Hydro Eff Imp 0 0 0 0 0 0 0 0 0 0 0 0 5 15 25 35 35 35 35 35 
Small Hydro 1 0 0 0 0 0 0 0 0 0 0 0 0 5 5 5 14 29 38 43 52 
Combined Cycle 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 357 
Small Hydro 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Thermal Eff Imp 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cogen 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cogen 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Combined Cycle 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Mun. Solid Waste 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cogen 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Wind 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Geothermal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Small Hydro 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
E. Mont Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cogen 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
E. Wash Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
E. Oregon Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
W. Wa/Or Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nevada Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Wind 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Small Hydro 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Biomass 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Wind 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Replacement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Subtotal 0 0 0 0 0 0 0 0 0 0 0 0 10 20 30 49 64 73 78 444 ?; .,, 

tr1 
Total Firm Resources 9519 9543 9571 9374 9353 9341 9238 9136 9080 9024 9015 9007 9037 9039 9053 8958 8957 9010 9066 9226 z 

c:, 

Load/Resource Balance 599 690 749 579 568 555 443 340 289 246 245 235 260 242 222 91 56 76 93 206 
~ 

"' I 
:; 

u, I 
w "' 
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Study ID :8-APR-91 12:37:46 z 
Study Title:60% Conservation Penetration Rate - LOW LOADS 

0 x 
SYSTEM SUMMARY:Observed Loads and Resources (Avg MW),PARTY = Genera.ting Publics 

0 
I 
0: 

Opera.ting Year 90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05 05-06 06-07 07-08 08-09 09-10 
----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----

Observed Load 4445 4398 4384 4371 4369 4372 4380 4384 4386 4384 4383 4386 4391 4403 4424 4445 4463 4481 4502 4526 
Observed Rate -1.05% -0.33% -0.30% -0.05% 0.07% 0.19% 0.09% 0.04% -0.04% -0.04% 0.07% 0.11% 0.29% 0.46% 0.47% 0.41% 0.40% 0.47% 0.55% 

Existing Resources 2445 2432 2450 2468 2451 2435 2434 2433 2411 2390 2394 2398 2381 2365 2372 2496 2559 2559 2559 2699 

BP A Requirements 2001 1966 1934 1903 1918 1937 1946 1854 1876 1895 1889 1889 1909 1936 1949 1851 1809 1826 1846 1736 

CONSERVATION PROGRAMS: 
Water Heat 1 0 0 0 0 1 4 7 11 14 17 21 26 30 34 38 42 44 45 45 45 
New Commercial 1 0 0 0 1 2 3 5 6 8 9 11 12 14 16 18 19 21 23 25 27 
Commercial R&R 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
New SF Res 1 0 0 0 0 1 1 1 1 2 2 2 3 3 3 4 4 5 5 5 6 
New MF Res 1 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 2 2 2 
New Me.nuf Housing 1 0 0 0 1 1 2 2 3 4 4 5 6 6 7 8 9 9 10 11 12 
New Res Light 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Wtr Htr Heat Pumps 0 0 0 0 0 0 1 1 1 2 2 2 2 3 3 3 4 4 4 5 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Subtotal 0 0 0 2 5 10 16 22 30 35 42 50 56 64 72 78 84 89 92 97 

GENERA TING RESOURCES: 
Replacement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Subtotal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Total Firm Resources 4445 4399 4385 4373 4374 4382 4397 4309 4316 4320 4325 4336 4347 4366 4393 4426 4452 4473 4497 4531 II Load/Resource Be.la.nee 0 0 1 2 5 10 16 -75 -70 -65 -57 -50 -43 -38 -31 -19 -11 -8 -5 4 s: 
z 
1ii .., 
n 
:,:, 
tT1 
Vl 
C 
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~ m 
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:r: 
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z Study ID :8-APR-91 12:37:46 
@ 

0 ~ q Study Title:60% Conservation Penetr.,tion Rate - LOW LOADS 
:i:: 

z 
:!': SYSTEM SUMMARY:Observed Loads and Resources (Avg MW),PARTY = REGION 

vi 
trl 

., 
(/) () ., 
..,, Operating Year 90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05 05-06 06-07 07-08 08-09 09-10 ,, 
0 ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- m 
~ Observed Load 16299 16167 16094 16047 16045 16064 16098 16118 16125 16121 16122 16140 16162 16212 16290 16370 16445 16518 16603 16701 0 

C ,, Observed Rate -0.81 % -0.45% -0.30% -0.01 % 0.12% 0.21% 0.12% 0.05% -0.03% 0.01% 0.11% 0.14% 0.31% 0.48% 0.49% 0.46% 0.44% 0.51% 0.59% fl ..,, 
DSI Firm Load 1982 1781 1579 1378 1176 974 973 972 971 848 725 602 479 479 479 479 479 479 479 479 

~ 
trl 

~ 
I Existing Resources 19300 19286 19239 19193 19150 19106 19071 19036 18849 18663 18611 18559 18449 18306 18276 18247 18263 18278 18304 18199 :i:: 

< 
trl 

0 
C, 

r' CONSERVATION PROGRAMS: C 

C Water Heat 1 0 0 0 7 67 102 
r' 

:::: 0 20 34 52 83 123 142 161 179 198 208 211 213 213 trl 
(/) 

tT1 New Commercial 1 0 0 1 3 9 16 25 32 41 48 57 66 75 85 96 105 115 125 136 146 d = Commercial R&R 1 0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51 54 57 ,, 
New SF Res 1 0 0 0 1 3 4 4 6 7 8 10 11 12 14 16 17 19 20 21 23 ., 
New MF Res 1 0 0 0 0 0 1 1 1 4 4 5 5 5 6 6 6 8 9 9 10 :i:: 

tT1 
New Manuf Housing 1 0 0 1 4 5 9 10 14 18 21 24 28 31 36 39 43 46 50 54 58 

~ New Res Light 1 0 0 0 0 2 2 2 3 4 5 5 5 7 7 8 8 9 10 10 10 

Wtr Htr Heat Pumps 0 0 0 1 1 2 4 5 6 8 9 10 12 14 14 16 18 19 21 23 tT1 ,, 
BP A Contract Recall 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 z 
Cons. Volt. Reg. 0 3 10 18 25 32 39 46 54 61 65 67 67 67 67 67 67 67 67 67 ::; 
Industrial 1 0 2 8 22 34 48 60 72 86 98 105 111 118 125 130 132 132 132 132 132 < 
Irrig.,tion 1 0 0 2 2 4 5 6 7 9 9 10 11 11 12 13 13 14 15 16 16 tT1 ,, 
T&D Effie Impr 0 3 11 17 25 31 39 46 53 60 64 67 71 74 77 81 84 88 91 94 m 
Industrial 2 0 2 6 14 24 32 40 50 58 68 72 77 81- 86 90 91 91 91 91 91 0 
Exist. Commercial 1 0 2 11 23 40 60 81 101 122 142 142 144 149 157 169 182 196 209 223 236 C 

MF Res Weath 0 2 5 10 15 20 24 29 34 39 39 39 39 39 39 39 39 39 39 39 fl 
SF Res Weath 0 4 12 23 33 43 54 64 73 83 83 83 83 85 85 85 85 85 85 85 

tT1 

Ex. Res. Lighting-1 0 1 1 2 4 5 6 7 8 10 10 10 10 10 10 10 10 10 10 10 2l 
High Cost Block 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 q 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- d 
Subtotal 0 22 74 149 243 345 447 556 668 774 832 890 949 1017 1080 1138 1189 1231 1272 1310 r' 

0 
(/) 

GENERA TING RESOURCES: 
Hydro Eff Imp 0 0 0 0 0 0 0 0 0 0 0 0 5 15 25 35 35 35 35 35 

Small Hydro 1 0 0 0 0 0 0 0 0 0 0 0 0 5 5 5 14 29 38 43 52 

Combined Cycle 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 357 

Small Hydro 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

WNP 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Thermal Eff Imp 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Cogen 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Cogen 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

WNP 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Combined Cycle 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Mun. Solid Waste 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Cogen 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Wind 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Geothermal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Small Hydro 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

E. Mont Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Cogen 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

E. Wash Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

E. Oregon Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

W. Wa/Or Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Nevada Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Wind 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Small Hydro 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Biomass 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Wind 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Replacement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 > ..,, ..,, 
----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- tT1 

Subtotal 0 0 0 0 0 0 0 0 0 0 0 0 10 20 30 49 64 73 78 444 z 
C, 

Total Firm Resources 19300 19310 19315 19343 19389 19450 19521 19593 19516 19438 19444 19451 19410 19341 19385 19436 19515 19582 19653 19954 
)< 

0, I 
0 

V, I 
V, 

Load/Resource Balance 1019 1362 1642 1919 2168 2412 2449 2504 2419 2469 2596 2709 2768 2650 2617 2587 "' 2591 2585 2571 2774 
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Study ID :5-APR-91 13:28:55 

:i, 

"' '1l 

Study Title:60% Conservation Penetration Rate - MEDIUM LOW LOADS 
'1l 
tTl z 

SYSTEM SUMMARY:Observed Loads and Resources (Avg MW),PARTY = BPA 
Cl x 

Operating Year 90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05 05-06 06-07 07-08 08-09 09-10 
:; 
I 
t,:l 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Observed Load 2983 2993 2988 3004 3036 3072 3111 3147 3182 3216 3249 3284 3320 3362 3412 3464 3514 3565 3616 3670 

Observed Rate 0.32% -0.18% 0.55% 1.08% 1.18% 1.27% 1.16% 1.10% 1.07% 1.02% 1.08% 1.10% 1.26% 1.49% 1.51% 1.45% 1.43% 1.45% 1.49% 

DSI Firm Load 2106 1973 1839 1705 1571 1437 1437 1436 1436 1436 1435 1435 1435 1434 1434 1434 1433 1433 1433 1433 

Existing Resources 7444 7462 7450 7438 7484 7530 7661 7792 7747 7703 7698 7692 7623 7553 7560 7566 7572 7577 7583 7577 

BP A Requirements -2191 -2243 -2303 -2128 -2178 -2233 -2278 -2202 -2258 -2313 -2343 -2376 -2429 -2492 -2545 -2488 -2489 -2550 -2612 -2543 

CONSERVATION PROGRAMS: 
Water Heat 1 0 0 0 0 2 5 9 13 18 22 27 32 38 43 48 53 56 57 58 58 

New Commercial 1 0 0 0 1 2 3 4 5 6 8 9 10 12 13 14 16 17 19 20 22 
Commercial R&R 1 0 1 3 4 6 7 8 10 11 13 14 15 17 18 20 21 22 24 25 27 
New SF Res 1 0 0 0 1 1 2 3 3 4 5 6 7 8 8 9 10 11 12 12 13 

New MF Res 1 0 0 0 0 0 0 0 1 1 1 1 1 1 2 2 2 2 2 2 2 

New Manuf Housing 1 0 0 0 1 2 3 4 5 6 7 9 10 11 12 14 15 16 17 18 19 

New Res Light 1 0 0 0 1 1 1 2 2 3 3 4 4 5 6 6 7 7 8 8 8 
Wtr Htr Heat Pumps 0 0 0 0 0 1 1 2 3 3 4 4 5 6 6 7 8 8 9 10 

BP A Contract Recall 0 0 0 0 0 0 0 0 0 0 97 195 292 292 292 292 292 292 292 292 

Cons. Volt. Reg. 0 1 4 7 10 13 16 19 22 25 25 25 25 25 25 25 25 25 25 25 
Industrial 1 0 1 4 11 17 24 30 36 43 49 49 49 49 49 49 49 49 49 49 49 

Irrigation 1 0 0 1 1 2 2 3 3 4 4 4 4 4 4 4 4 4 4 4 4 
T&D Effie Impr 0 2 6 9 13 16 20 24 27 31 31 31 31 31 31 31 31 31 31 31 

Industrial 2 0 1 3 7 12 16 20 25 29 34 34 34 34 34 34 34 34 34 34 34 
Exist. Commercial 1 0 1 4 8 13 20 27 34 41 48 48 48 48 48 48 48 48 48 48 48 
MF Res Weath 0 0 1 2 3 4 5 6 7 8 8 8 8 8 8 8 8 8 8 8 
SF Res Weath 0 2 6 12 17 22 28 33 38 43 43 43 43 43 43 43 43 43 43 43 Cl 

Ex. Res. Lighting-1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 tTl 
-l 

High Cost Block 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 tTl 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ~ 
Subtotal 0 9 32 65 101 139 180 221 263 304 413 520 631 642 653 665 673 681 686 693 z 

vi 
-l 

GENERA TING RESOURCES: 1'i 
Hydro Eff Imp 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 :,, 

Small Hydro 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 [;l 

Combined Cycle 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
C: 

Small Hydro 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Fi 
WNP 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 tTl 

Thermal Eff Imp 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Cll n 
Cogen 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5i 
Cogen 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Cl 

WNP 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 C: r 
Combined Cycle 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 tTl 

"' 
Mun. Solid Waste 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 'T1 

Cogen 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
:,, 

:g Wind 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -l 

Geothermal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 :c 
tTl 

z Small Hydro 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 :i, 
0 
cl E. Mont Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ti 

Cogen 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 tTl 
:c :,, 

~ E. Wash Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 z 

"' E. Oregon Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ 
-l W. Wa/Or Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 < 
'1l 
0 Nevada Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 tTl 

~ Wind 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ffi 
:,, Small Hydro 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
'1l Biomass 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 C: 
r Fi :i, Wind 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
z tn 

I Replacement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 '1l 

< ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- 0 
0 cl r Subtotal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
C: 

'T1 
0 

:!: 
tTl Total Firm Resources 5252 5230 5180 5375 5406 5438 5564 5812 5752 5695 5768 5838 5824 5702 5668 

r 5743 5756 5707 5659 5728 0 
= "' 

Load/Resource Balance 163 264 354 666 799 928 1015 1228 1134 1043 1083 1119 1069 905 822 845 809 710 610 625 
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z Study ID :5-APR-91 13:28:55 
tTl 

0 ~ cl Study Title:60% Conservation Penetration Rate - MEDIUM LOW LOADS 

~ 
z 

SYSTEM SUMMARY:Observed Loads and Resources (Avg MW),PARTY = IOUs vi 
tTl ::l 
[J) n .., .,, Operating Year 90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05 05-06 06-07 07-08 08-09 09-10 :,:, 

0 ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- f;l 

~ Observed Load 9075 9108 9161 9219 9283 9356 9441 9513 9582 9648 9713 9786 9863 9962 10084 10210 10333 10459 10583 10715 0 
C: 

:,:, Observed Rate 0.37% 0.58% 0.64% 0.70% 0.78% 0.91% 0.77% 0.72% 0.69% 0.68% 0.75% 0.78% 1.00% 1.22% 1.25% 1.21% 1.22% 1.19% 1.24% f\ .,, 
r tTl 
:,. Existing Resources 9411 9392 9340 9287 9214 9141 8976 8811 8691 8571 8520 8469 8445 8388 8344 8184 8132 8142 8161 7923 [J) 

z \) 

I :i:: 

< BP A Requirements 107 138 188 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 m 
0 0 
r C: 
C: CONSERVATION PROGRAMS: 

r 
s: tTl 

tTl Water Heat 1 0 0 0 0 4 13 22 33 44 55 67 79 91 104 117 129 137 140 142 143 
[J) 

:::: New Commercial 1 0 1 2 4 9 17 24 32 40 48 56 65 73 82 91 100 110 120 129 139 a 
:,:, 

Commercial R&R 1 0 3 6 8 11 14 17 19 22 25 28 30 33 36 39 41 44 47 50 52 .., 
New SF Res 1 0 0 1 1 2 3 5 6 8 9 11 12 14 15 17 18 20 21 23 24 :i:: 

tTl 
New MF Res 1 0 0 0 0 1 1 1 2 2 3 3 4 4 5 5 6 6 7 7 7 ~ 
New Manuf Housing 1 0 0 1 2 4 7 10 13 16 20 23 26 29 33 36 39 42 45 49 52 ~ 
New Res Light 1 0 0 0 1 1 2 3 4 4 5 6 7 7 8 9 9 10 11 11 12 tTl 

:,:, 
Wtr Htr Heat Pumps 0 0 1 1 2 3 4 6 7 9 10 12 13 15 16 18 19 21 22 24 z 
Cons. Volt. Reg. 0 2 6 11 15 19 23 27 32 36 40 42 42 42 42 42 42 42 42 42 ::i 
Industrial 1 0 1 4 11 17 24 30 36 43 49 56 62 69 76 82 89 95 101 104 104 < 
Irrigation 1 0 0 1 1 2 3 3 4 5 5 6 7 7 8 9 9 10 11 12 12 tTl 

:,:, 
T&D Effie Impr 0 1 5 8 12 15 19 22 26 29 33 36 40 43 46 50 53 57 60 63 tTl 

Industrial 2 0 1 3 7 12 16 20 25 29 34 38 43 47 52 56 61 65 67 67 67 
[J) 

0 
Exist. Commercial 1 0 1 7 15 27 40 54 67 81 94 108 121 135 148 162 175 188 202 215 229 C: 

MF Res Weath 0 2 4 8 12 16 19 23 27 31 31 31 31 31 31 31 31 31 31 31 f\ 
SF Res Weath 0 2 6 11 16 21 26 31 35 40 42 42 42 42 42 42 42 42 42 42 

tTl .,, 
Ex. Res. Lighting-I 0 1 1 2 4 5 6 7 8 10 10 10 10 10 11 11 11 11 11 11 0 

High Cost Block 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 cl 
----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- a 

Subtotal 0 15 48 91 151 219 286 357 429 502 568 629 687 750 811 870 925 976 1017 1054 C 
0 
[J) 

GENERA TING RESOURCES: 
Hydro Eff Imp 0 0 0 5 15 25 35 35 35 35 35 35 35 35 35 35 35 35 35 35 

Small Hydro 1 0 0 0 0 0 0 14 29 38 48 57 67 76 76 76 76 76 76 76 76 

Combined Cycle 1 0 0 0 0 0 0 0 357 357 357 357 357 357 357 357 357 357 357 357 357 

Small Hydro 2 0 0 0 0 0 0 11 14 14 25 36 43 51 58 65 72 80 87 87 87 

Thermal Eff Imp 0 0 0 0 0 0 13 13 13 50 50 50 50 50 50 50 50 50 50 50 

Cogen 1 0 0 0 0 0 0 0 0 0 80 120 160 220 300 400 420 420 420 420 420 

Cogen 2 0 0 0 0 0 0 0 0 0 0 0 8 8 8 8 41 49 49 49 49 

Combined Cycle 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 357 

Mun. Solid Waste 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 15 23 23 30 

Cogen 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 160 256 304 360 360 

Wind 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Geothermal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Small Hydro 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

E. Mont Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Cogen 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

E. Wash Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

E. Oregon Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

W. Wa/Or Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Nevada Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Wind 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Small Hydro 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Biomass 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Wind 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Replacement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Subtotal 0 0 0 5 15 25 73 448 457 595 655 720 797 884 991 1219 1338 1401 1457 1821 ~ .,, 

tTl 
Total Firm Resources 9519 9545 9575 9386 9380 9384 9335 9616 9577 9667 9741 9817 9930 10022 10146 10275 10396 10517 10635 10799 z 

0 

Load/Resource Balance 444 437 414 167 97 28 -105 103 -5 19 28 31 67 60 62 65 63 58 51 85 
$< 

00 I 
0 

':'.l 
I e,, 
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Study ID :5-APR-91 13:28:55 z 
0 

Study Title:60% Conservation Penetration Rate - MEDIUM LOW LOADS x 
SYSTEM SUMMARY:Observed Loads and Resources (Avg MW),PARTY = Generating Publics 

:5 
I 
0, 

Operating Year 90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05 05-06 06-07 07-08 08-09 09-10 
----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----

Observed Load 4529 4537 4565 4596 4630 4668 4712 4751 4788 4824 4860 4899 4938 4989 5051 5115 5179 5243 5308 5376 
Observed Rate 0.18% 0.61% 0.67% 0.74% 0.82% 0.95% 0.82% 0.79% 0.75% 0.74% 0.80% 0.80% 1.02% 1.25% 1.27% 1.24% 1.25% 1.23% 1.28% 

Existing Resources 2445 2432 2450 2468 2451 2435 2434 2433 2411 2390 2394 2398 2381 2365 2372 2496 2559 2559 2559 2699 

BP A Requirements 2084 2105 2115 2128 2178 2233 2278 2202 2258 2313 2343 2376 2429 2492 2545 2488 2489 2550 2612 2543 

CONSERVATION PROGRAMS: 
Water Heat 1 0 0 0 0 2 5 8 12 16 20 25 30 35 39 44 49 52 53 53 54 
New Commercial 1 0 0 0 1 3 5 7 9 11 13 15 17 19 22 24 26 29 31 34 37 
Commercial R&R 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
New SF Res 1 0 0 0 1 1 2 2 3 4 5 5 6 7 8 9 9 10 11 11 12 
New MF Res 1 0 0 0 0 0 0 0 1 1 1 1 1 1 1 2 2 2 2 2 2 
New Manuf Housing 1 0 0 0 1 2 2 3 5 6 7 8 9 10 11 12 14 15 16 17 18 
New Res Light 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Wtr Htr Heat Pumps 0 0 0 0 0 1 1 2 2 3 4 4 5 5 6 7 7 8 8 9 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Subtotal 0 0 0 3 8 15 21 32 40 49 58 67 77 86 97 107 115 121 125 132 

GENERA TING RESOURCES: 
Replacement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Subtotal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

I 
0 

Total Firm Resources 4529 4538 4566 4599 4637 4683 4735 4666 4709 4751 4794 4888 4945 5014 5091 5162 5230 5297 5374 
m 

4841 .., 
m 

Load/Resource Balance 0 0 1 3 7 15 23 -85 -79 -73 -66 -57 -50 -44 -37 -25 -17 -14 -11 -2 ~ z 
~ 
n 
6i 
V, 

0 
C 

f5 m 
V, 
n 
~ 
0 
C 
r-
m 
6 
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:g CJ 
tT1 - ...; 

z tT1 
0 Study ID :5-APR-91 13:28:55 ;,:) 

q Study Title:60% Conservation Penetration Rate - MEDIUM LOW LOADS ;::: 
::c z 
:e SYSTEM SUMMARY:Observed Loads and Resources (Avg MW),PARTY - REGION 

vi 
Bl 

...; 
n ...; 
;,:) .,, Operating Year 90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05 05-06 06-07 07-08 08-09 09-10 

0 tT1 

~ 
----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ~ 

Observed Load 16587 16638 16713 16819 16949 17096 17264 17412 17552 17688 17822 17969 18121 18312 18547 18789 19026 19267 19508 19760 C: 
;,:) 

Observed Rate 0.31% 0.45% 0.63% 0.78% 0.87% 0.98% 0.85% 0.81% 0.77% 0.76% 0.83% 0.85% 1.05% 1.28% 1.31% 1.26% 1.27% 1.25% 1.30% ~ .,, 
§ DSI Firm Load 2106 1973 1839 1705 1571 1437 1437 1436 1436 1436 1435 1435 1435 1434 1434 1434 1433 1433 1433 1433 tT1 

V, 
n 

I Existing Resources 19300 19286 19239 19193 19150 19106 19071 19036 18849 18663 18611 18559 18449 18306 18276 18247 18263 18278 18304 18199 ~ < 
0 CJ 
r CONSERVATION PROGRAMS: 

C: 
C: r 
;::: Water Heat 1 0 0 0 0 8 23 39 58 78 97 119 141 164 186 209 231 245 250 253 255 tT1 

V, 
tT1 New Commercial 1 0 1 2 6 14 25 35 46 57 69 80 92 104 117 129 142 156 170 183 198 6 = Commercial R&R 1 0 4 9 12 17 21 25 29 33 38 42 45 50 54 59 62 66 71 75 79 ;,:) 

New SF Res 1 0 0 1 3 4 7 10 12 16 19 22 25 29 31 35 37 41 44 46 49 ...; 
::c 

New MF Res 1 0 0 0 0 1 1 1 4 4 5 5 6 6 8 9 10 10 11 11 11 tT1 
New Manuf Housing 1 0 0 1 4 8 12 17 23 28 34 40 45 50 56 62 68 73 78 84 89 ;,,. 
New Res Light 1 0 0 0 2 2 3 5 6 7 8 10 11 12 14 15 16 17 19 19 20 ~ 

tT1 
Wtr Htr Heat Pumps 0 0 1 1 2 5 6 10 12 15 18 20 23 26 28 32 34 37 39 43 

~ BP A Contract Recall 0 0 0 0 0 0 0 0 0 0 97 195 292 292 292 292 292 292 292 292 
Cons. Volt. Reg. 0 3 10 18 25 32 39 46 54 61 65 67 67 67 67 67 67 67 67 67 ::i 
Industrial 1 0 2 8 22 34 48 60 72 86 98 105 111 118 125 131 138 144 150 153 153 < 

tT1 
Irrigation 1 0 0 2 2 4 5 6 7 9 9 10 11 11 12 13 13 14 15 16 16 ;,:) 

T&D Effie Impr 0 3 11 17 25 31 39 46 53 60 64 67 71 74 77 81 84 88 91 94 Bl 
Industrial 2 0 2 6 14 24 32 40 50 58 68 72 77 81 86 90 95 99 101 101 101 0 

c:: 
Exist. Commercial 1 0 2 11 23 40 60 81 101 122 142 156 169 183 196 210 223 236 250 263 277 ;,:) 

MF Res Weath 0 2 5 10 15 20 24 29 34 39 39 39 39 39 39 39 39 39 39 39 n 
tT1 

SF Res Weath 0 4 12 23 33 43 54 64 73 83 85 85 85 85 85 85 85 85 85 85 .,, 
Ex. Res. Lighting-1 0 1 1 2 4 5 6 7 8 10 10 10 10 10 11 11 11 11 11 11 0 

q 
High Cost Block 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 'T1 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- 0 
C 

Subtotal 0 24 80 159 260 373 487 610 732 855 1039 1216 1395 1478 1561 1642 1713 1778 1828 1879 0 
V, 

GENERA TING RESOURCES: 
Hydro Eff Imp 0 0 0 5 15 25 35 35 35 35 35 35 35 35 35 35 35 35 35 35 
Small Hydro 1 0 0 0 0 0 0 14 29 38 48 57 67 76 76 76 76 76 76 76 76 
Combined Cycle 1 0 0 0 0 0 0 0 357 357 357 357 357 357 357 357 357 357 357 357 357 
Small Hydro 2 0 0 0 0 0 0 11 14 14 25 36 43 51 58 65 72 80 87 87 87 
WNP 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Thermal Eff Imp 0 0 0 0 0 0 13 13 13 50 50 50 50 50 50 50 50 50 50 50 
Cogen 1 0 0 0 0 0 0 0 0 0 80 120 160 220 300 400 420 420 420 420 420 
Cogen 2 0 0 0 0 0 0 0 0 0 0 0 8 8 8 8 41 49 49 49 49 
WNP 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Combined Cycle 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 357 
Mun. Solid Waste 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 15 23 23 30 
Cogen 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 160 256 304 360 360 
Wind 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Geothermal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Small Hydro 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
E. Mont Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cogen 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
E. Wash Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
E. Oregon Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
W. Wa/Or Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nevada Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Wind 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Small Hydro 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Biomass 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Wind 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Replacement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ .,, ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- trl 
Subtotal 0 0 0 5 15 25 73 448 457 595 655 720 797 884 991 1219 1338 1401 1457 1821 z 

CJ 
~ 

"' I 
Total Firm Resources 19300 19312 19321 19359 19423 19504 19634 20094 20038 20112 20303 20497 20642 20668 20828 21108 21314 21454 21590 21901 0 

:s I 
0:, 

Load/Resource Ba.lance 607 701 769 836 903 971 933 1246 1050 988 1045 1092 1086 922 847 886 855 754 650 708 



§ I ~ 
"" m 

Study ID :8-APR-91 12:37:03 z 
Study Title:60% Conservation Penetration Rate - MEDIUM LOADS 

v x 
SYSTEM SUMMARY Observed Loads and Resources (Avg MW),PARTY = BPA 

:; 
I 

trJ 

Operating Year 90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05 05-06 06-07 07-08 08-09 09-10 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Observed Load 3028 3063 3082 3117 3160 3207 3261 3313 3365 3415 3464 3514 3566 3623 3689 3759 3829 3899 3969 4041 
Observed Rate 1.16% 0.63% 1.12% 1.39% 1.51% 1.68% 1.60% 1.56% 1.48% 1.42% 1.46% 1.46% 1.62% 1.82% 1.88% 1.87% 1.83% 1.80% 1.80% 
DSI Firm Load 2184 2154 2123 2093 2063 2032 2002 2002 2002 2002 2002 2002 2002 2002 2002 2002 2002 2002 2002 2002 

Existing Resources 7444 7462 7450 7438 7484 7530 7661 7792 7747 7703 7698 7692 7623 7553 7560 7566 7572 7577 7583 7577 

BP A Requirements -2273 -2384 -2489 -2347 -2426 -2510 -2584 -2522 -2606 -2687 -2740 -2795 -2874 -2964 -3043 -3015 -3045 -3135 -3223 -3179 

CONSERVATION PROGRAMS: 
Water Heat 1 0 0 0 0 2 6 10 14 18 23 28 34 40 45 50 56 59 60 61 62 
New Commercial 1 0 0 0 1 2 4 5 7 8 10 12 13 15 17 19 21 22 24 26 28 
Commercial R&R 1 0 2 s 5 7 9 10 12 14 15 17 19 21 22 24 26 27 29 31 33 
New SF Res 1 0 0 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 17 18 
New MF Res 1 0 0 0 0 0 0 1 1 1 1 1 1 1 2 2 2 2 2 2 2 
New Manuf Housing 1 0 0 1 1 2 3 4 6 7 8 9 11 12 13 15 16 17 18 20 21 
New Res Light 1 0 0 0 1 1 2 2 3 4 4 5 5 6 7 7 8 8 9 9 9 
Wtr Htr Heat Pumps 0 0 0 0 0 1 2 2 s 4 5 6 6 7 8 9 10 10 11 12 
BP A Contract Recall 0 0 0 0 0 0 97 195 292 292 292 292 292 292 292 292 292 292 292 292 
Cons. Volt. Reg. 0 1 4 7 10 13 16 19 22 25 27 29 29 29 29 29 29 29 29 29 
Industrial 1 0 1 4 11 17 24 so 36 43 49 56 62 69 76 82 89 95 102 107 109 
Irrigation 1 0 0 1 1 2 2 3 s 4 4 5 5 6 6 7 7 8 8 9 9 
T&D Effie Impr 0 2 6 9 13 16 20 24 27 31 34 38 42 46 49 53 57 60 64 68 
Industrial 2 0 1 3 7 12 16 20 25 29 34 38 43 47 52 56 61 66 70 74 76 
Exist. Commercial 1 0 1 4 8 13 20 27 34 41 48 55 61 68 75 82 89 95 102 109 116 v 
MF Res Weath 0 0 1 2 s 4 5 6 7 8 9 9 9 9 9 9 9 9 9 9 

m 
--l 

SF Res Weath 0 2 6 12 17 22 28 33 38 43 45 45 45 45 45 45 45 45 45 45 m 

Ex. Res. Lighting-I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ 
High Cost Block 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 z 

vi ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- --l 
Subtotal 0 10 33 66 103 145 284 425 564 606 646 682 718 754 788 825 855 884 915 938 n 

:,, 

GENERA TING RESOURCES: 
m 
"' 

Hydro Eff Imp 0 0 0 0 0 0 0 0 15 30 45 60 75 75 75 75 75 75 75 75 0 
C: 

Small Hydro 1 0 0 0 0 0 0 0 0 0 0 0 5 10 14 14 14 14 14 14 14 Pi 
Combined Cycle 1 0 0 0 0 0 0 0 0 0 0 0 0 0 357 357 357 357 714 714 714 m 
Small Hydro 2 0 0 0 0 0 0 0 0 0 0 0 0 4 4 4 4 4 4 4 4 (I) 

() 

WNP 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 :i: 

Thermal Eff Imp 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
m 

0 0 0 v 
Cogen 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 C: 

r 
Cogen 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 m 
WNP 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 Combined Cycle 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 :,, 

~ Mun. Solid Waste 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 --l 

Cogen S 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 :i: 
m z Wind 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
~ 0 

cl Geothermal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Small Hydro 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 m 

:i: :,, 

~ E. Mont Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 z 
"' Cogen 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ 
--l E. Wash Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 < 
6 E. Oregon Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

m 

~ 
:,, 

W. Wa/Or Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 m 
"' :,, Nevada Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

"" Wind 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 C: 

~ Small Hydro 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Pi 
m 

I Biomass 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 "" < Wind S 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 cl r Replacement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
C: 6 s: ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
m Subtotal 0 0 0 0 0 0 0 0 15 so 45 65 89 450 450 450 450 807 807 807 5 ;:: "' 

Total Firm Resources 5171 5089 4995 5157 5162 5165 5361 5693 5720 5653 5650 5645 5555 5792 5755 5824 5832 6136 6082 6142 

Load/Resource Ba.lance -41 -127 -210 -52 -60 -74 98 378 353 236 184 129 -12 167 64 63 2 235 111 99 



:8 0 
tTl 
..,; 

z Study ID :8-APR-91 12:37:03 tTl 
0 ~ cl Study Title:60% Conservation Penetration Rate - MEDIUM LOADS 

:t z 
:e SYSTEM SUMMARY:Observed Loads and Resources (Avg MW),PARTY = IOUs ~ 
tTl 

"' n 
..,; Operating Year 90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05 05-06 06-07 07-08 08-09 09-10 
"O ~ 0 ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
~ Observed Load 9222 9357 9496 9618 9731 9856 9995 10127 10253 10372 10488 10609 10738 10891 11067 11253 11438 11624 11806 11990 0 

1.46% 1.49% 1.28% 1.18% 1.28% 1.41% 1.32% 1.25% 1.16% 1.12% 1.16% 1.22% 1.42% 1.61% 1.68% 1.64% 1.63% 1.56% 1.56% C 
;,:, Observed Rate ~ 
"O 

~ 
tTl 

z Existing Resources 9411 9392 9340 9287 9214 9141 8976 8811 8691 8571 8520 8469 8445 8388 8344 8184 8132 8142 8161 7923 ~ 
I :t 

< BP A Requirements 107 138 188 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 tTl 

0 0 
r C 
C CONSERVATION PROGRAMS: 

r 
s: tTl 

tTl Water Heat 1 0 0 0 0 4 13 24 35 46 58 70 83 96 109 123 137 145 148 151 152 (/) 

== New Commercial 1 0 1 3 6 12 22 31 41 52 62 73 84 95 107 118 130 142 155 167 180 2l 
Commercial R&R 1 0 3 7 10 14 17 20 24 27 30 34 37 41 44 47 51 54 58 61 64 ;,:, 

..,; 

New SF Res 1 0 0 1 2 3 5 7 8 10 12 14 16 18 20 22 24 26 28 30 32 :t 

New MF Res 1 0 0 0 0 1 1 2 2 2 3 3 4 4 5 5 6 6 7 7 7 tTl 

New Manuf Housing 1 0 0 1 3 5 8 11 15 18 22 25 29 32 36 39 43 46 49 52 56 ~ 
New Res Light 1 0 0 1 1 2 3 4 4 5 6 7 8 9 10 10 11 12 13 13 14 tTl 

Wtr Htr Heat Pumps 0 0 1 2 3 4 5 7 9 11 13 15 16 18 20 22 24 26 28 29 ;,:, 
z 

Cons. Volt. Reg. 0 2 6 11 15 19 23 27 32 36 40 42 42 42 42 42 42 42 42 42 ::; 
Industrial 1 0 1 4 11 17 24 30 36 43 49 56 62 69 76 82 89 95 102 107 109 < 
Irrigation 1 0 0 1 1 2 3 3 4 5 5 6 7 7 8 9 9 10 11 12 12 tTl 

T&D Effie Impr 0 1 5 8 12 15 19 22 26 29 33 36 40 43 46 50 53 57 60 63 ;,:, 
tTl 

Industrial 2 0 1 3 7 12 16 20 25 29 34 38 43 47 52 56 61 66 70 74 76 "' 0 
Exist. Commercial 1 0 1 7 15 27 40 54 67 81 94 108 121 135 148 162 175 188 202 215 229 C 

MF Res Weath 0 2 4 8 12 16 19 23 27 31 31 31 31 31 31 31 31 31 31 31 ~ 
SF Res Weath 0 2 6 11 16 21 26 31 35 40 42 42 42 42 42 42 42 42 42 42 tTl 

Ex. Res. Lighting-1 0 1 1 2 4 5 6 7 8 10 11 11 11 11 11 11 11 11 11 11 6 
High Cost Block 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 cl 

----- ----- ----,,- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- 2l 
Subtotal 0 15 51 98 161 232 304 378 455 532 604 671 735 802 865 934 993 1052 1103 1151 C 

0 
"' 

GENERA TING RESOURCES: 
Hydro Eff Imp 0 0 0 5 15 25 35 35 35 35 35 35 35 35 35 35 35 35 35 35 

Small Hydro 1 0 0 0 0 0 0 14 29 43 52 52 62 71 76 76 76 76 76 76 76 

Combined Cycle 1 0 0 0 0 0 0 0 357 357 357 357 357 357 357 357 357 357 357 357 357 

Small Hydro 2 0 0 0 0 0 0 11 22 33 43 43 51 58 65 72 80 87 87 87 87 
Thermal Eff Imp 0 0 0 0 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 

Cogen 1 0 0 0 0 40 160 280 380 420 420 420 420 420 420 420 420 420 420 420 420 

Cogen 2 0 0 0 0 0 0 0 8 41 41 41 49 49 49 49 49 49 49 49 49 

Combined Cycle 2 0 0 0 0 0 0 0 0 0 357 357 357 357 357 357 357 357 357 357 357 

Mun. Solid Waste 0 0 0 0 0 0 0 0 0 0 0 0 8 15 15 15 15 23 23 30 

Cogen 3 0 0 0 0 0 0 0 0 120 120 120 120 224 344 488 744 904 960 960 960 

Wind 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 17 29 29 

Geothermal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 35 105 140 

Small Hydro 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 15 30 44 59 74 
E. Mont Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 298 

Cogen 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 

E. Wash Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

E. Oregon Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

W. Wa/Or Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Nevada Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Wind 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Small Hydro 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Biomass 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Wind 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Replacement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Subtotal 0 0 0 5 105 235 390 881 1099 1475 1475 1501 1629 1768 1919 2198 2386 2510 2607 2970 ~ 

"O 

Total Firm Resources 9519 9546 9578 9391 9478 9607 9670 10071 10245 10579 10599 10640 10809 10957 11130 11315 11511 11702 11871 12046 tTl z 
0 

Load/Resource Balance 296 189 81 -227 -253 -249 -324 -56 -8 207 111 30 70 66 63 62 74 79 66 56 )< 

"' I 
0 

;:: I 
to 
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Study ID :8-APR-91 12:37:03 z 
Study Title:60% Conservation Penetration Rate - MEDIUM LOADS 

0 x 
SYSTEM SUMMARY:Observed Loads and Resources (Avg MW),PARTY = Genera.ting Publics 

0 
I 
0, 

Opera.ting Year 90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05 05-06 06-07 07-08 08-09 09-10 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Observed Load 4611 4678 4751 4815 4877 4945 5018 5088 5155 5218 5277 5340 5406 5485 5575 5670 5764 5859 5951 6045 
Observed Rate 1.46% 1.55% 1.35% 1.29% 1.39% 1.48% 1.39% 1.31% 1.22% 1.14% 1.18% 1.24% 1.45% 1.64% 1.71% 1.66% 1.64% 1.58% 1.58% 

Existing Resources 2445 2432 2450 2468 2451 2435 2434 2433 2411 2390 2394 2398 2381 2365 2372 2496 2559 2559 2559 2699 

BP A Requirements 2166 2246 2301 2347 2426 2510 2584 2522 2606 2687 2740 2795 2874 2964 3043 3015 3045 3135 3223 3179 

CONSERVATION PROGRAMS: 
Water Heat 1 0 0 0 0 2 5 9 13 17 21 26 31 36 41 46 51 55 56 57 57 
New Commercial 1 0 0 1 2 3 6 9 11 14 17 19 22 25 28 31 34 37 41 44 47 
Commercial R&R 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
New SF Res 1 0 0 0 1 2 3 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
New MF Res 1 0 0 0 0 0 0 0 1 1 1 1 1 1 1 2 2 2 2 2 2 
New Ma.nuf Housing 1 0 0 1 1 2 3 4 5 6 8 9 10 11 12 14 15 16 17 18 19 
New Res Light 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Wtr Htr Heat Pumps 0 0 0 0 0 1 1 2 3 4 4 5 6 7 7 8 9 10 10 11 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Subtotal 0 0 2 4 9 18 26 36 46 57 66 77 88 99 111 122 132 140 146 152 

GENERA TING RESOURCES: 
Replacement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Subtotal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Tot.al Firm Resources 4611 4679 4753 4819 4886 4963 5045 4992 5064 5133 5200 5271 5344 5429 5526 5634 5736 5833 5928 6031 I I Load/Resource Balance 0 1 2 4 9 18 27 -96 -91 -85 -77 -69 -62 -56 -49 -36 -28 -26 -23 -14 
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Study ID :8-APR-91 12:37:03 

tTl 

0 ~ cl Study Title:60% Conservation Penetration Rate - MEDIUM LOADS 
:i: z 
~ SYSTEM SUMMARY:Observed Loads and Resources (Avg MW),PARTY = REGION 

vi 
-l 

(/) i'i 
-l .,, Operating Year 90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05 05-06 06-07 07-08 08-09 09-10 ;,:, 

0 m 
~ 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- 0 
Observed Load 16861 17098 17329 17550 17768 18008 18274 18529 18773 19005 19229 19463 19710 19999 20332 20682 21031 21382 21726 22076 C 

;,:, 
Observed Rate 1.41% 1.35% 1.27% 1.25% 1.35% 1.48% 1.39% 1.32% 1.23% 1.18% 1.22% 1.27% 1.47% 1.66% 1.72% 1.69% 1.67% 1.61% 1.61% fl .,, 

s:: DSI Firm Load 2184 2154 2123 2093 2063 2032 2002 2002 2002 2002 2002 2002 2002 2002 2002 2002 2002 2002 2002 2002 m 

z ~ 
I Existing Resources 19300 19286 19239 19193 19150 19106 19071 19036 18849 18663 18611 18559 18449 18306 18276 18247 18263 18278 18304 18199 :i: 

< tTl 

0 
t:l 

r CONSERVATION PROGRAMS: 
C 

C 
r 

3::: Water Heat 1 0 0 0 0 8 24 43 62 81 102 124 148 172 195 219 244 259 264 269 271 tTl 
(/) 

tTl New Commercial 1 0 1 4 9 17 32 45 59 74 89 104 119 135 152 168 185 201 220 237 255 6 :::: 
Commercial R&R 1 0 5 10 15 21 26 30 36 41 45 51 56 62 66 71 77 81 87 92 97 ;,:, 

New SF Res 1 0 0 1 4 7 11 14 17 21 25 29 33 37 41 45 49 53 57 62 66 ::! 
New MF Res 1 0 0 0 0 1 1 3 4 4 5 5 6 6 8 9 10 10 11 11 11 tTl 

New Manuf Housing 1 0 0 3 5 9 14 19 26 31 38 43 50 55 61 68 74 79 84 90 96 > 
New Res Light 1 0 0 1 2 3 5 6 7 9 10 12 13 15 17 17 19 20 22 22 23 Ci 
Wtr Htr Heat Pumps 0 0 1 2 3 6 8 11 15 19 22 26 28 32 35 39 43 46 49 52 tTl 

BP A Contract Recall 0 0 0 0 0 0 97 195 292 292 292 292 292 292 292 292 292 292 292 292 ~ 
Cons. Volt. Reg. 0 3 10 18 25 32 39 46 54 61 67 71 71 71 71 71 71 71 71 71 ~ 
Industrial 1 0 2 8 22 34 48 60 72 86 98 112 124 138 152 164 178 190 204 214 218 < tTl 

Irrigation 1 0 0 2 2 4 5 6 7 9 9 11 12 13 14 16 16 18 19 21 21 
~ 

T&D Effie Impr 0 3 11 17 25 31 39 46 53 60 67 74 82 89 95 103 110 117 124 131 (/) 

Industrial 2 0 2 6 14 24 32 40 50 58 68 76 86 94 104 112 122 132 140 148 152 0 
C 

Exist. Commercial 1 0 2 11 23 40 60 81 101 122 142 163 182 203 223 244 264 283 304 324 345 fl 
MF Res Weath 0 2 5 10 15 20 24 29 34 39 40 40 40 40 40 40 40 40 40 40 tTl 

SF Res Weath 0 4 12 23 33 43 54 64 73 83 87 87 87 87 87 87 87 87 87 87 ..,, 

Ex. Res. Lighting-1 0 1 1 2 4 5 6 7 8 10 11 11 11 11 11 11 11 11 11 11 
0 
cl 

High Cost Block 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 "11 
0 ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- C 

Subtotal 0 25 86 168 273 395 614 839 1065 1195 1316 1430 1541 1655 1764 1881 1980 2076 2164 2241 0 
(/) 

GENERA TING RESOURCES: 
Hydro Eff Imp 0 0 0 5 15 25 35 35 50 65 80 95 110 110 110 110 110 110 110 110 

Small Hydro 1 0 0 0 0 0 0 14 29 43 52 52 67 81 90 90 90 90 90 90 90 

Combined Cycle 1 0 0 0 0 0 0 0 357 357 357 357 357 357 714 714 714 714 1071 1071 1071 

Small Hydro 2 0 0 0 0 0 0 11 22 33 43 43 51 62 69 76 84 91 91 91 91 

WNP 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Thermal Eff Imp 0 0 0 0 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 

Cogen 1 0 0 0 0 40 160 280 380 420 420 420 420 420 420 420 420 420 420 420 420 

Cogen 2 0 0 0 0 0 0 0 8 41 41 41 49 49 49 49 49 49 49 49 49 

WNP 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Combined Cycle 2 0 0 0 0 0 0 0 0 0 357 357 357 357 357 357 357 357 357 357 357 

Mun. Solid Waste 0 0 0 0 0 0 0 0 0 0 0 0 8 15 15 15 15 23 23 30 

Cogen 3 0 0 0 0 0 0 0 0 120 120 120 120 224 344 488 744 904 960 960 960 

Wind 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 17 29 29 

Geothermal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 35 105 140 

Small Hydro 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 15 30 44 59 74 

E. Mont Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 298 

Cogen 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 

E. Wash Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

E. Oregon Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

W. Wa/Or Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Nevada Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Wind 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Small Hydro 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Biomass 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Wind 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
~ Replacement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ..,, 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ---------- ----- tTl 

Subtotal 0 0 0 5 105 235 390 881 1114 1505 1520 1566 1718 2218 2369 2648 2836 3317 3414 3777 z 
t:l 
:i< 

Total Firm Resources 
"" I 

19300 19314 19326 19368 19527 19735 20076 20756 21029 21365 21448 21556 21708 22178 22411 22773 23080 23671 23882 24219 0 
°' 

I 
w "' Load/Resource Balance 255 62 -127 -275 -304 -305 -200 226 254 358 218 91 -4 176 78 90 47 288 153 141 
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Study ID :5-APR-91 13:27:55 z 
0 

Study Title:60% Conservation Penetration Rate - MEDIUM HIGH LOADS x 
SYSTEM SUMMARY:Observed Loads and Resources (Avg MW),PARTY 

0 
BPA I 

0, 

Operating Year 90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05 05-06 06-07 07-08 08-09 09-10 
----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----

Observed Load 3080 3141 3175 3229 3298 3370 3443 3514 3582 3647 3715 3787 3858 3935 4020 4107 4191 4276 4367 4456 
Observed Rate 1.98% 1.09% 1.68% 2.14% 2.18% 2.18% 2.05% 1.93% 1.83% 1.85% 1.95% 1.87% 2.00% 2.15% 2.17% 2.04% 2.03% 2.12% 2.04% 
DSI Firm Load 2282 2230 2237 2244 2228 2212 2211 2211 2211 2210 2197 2183 2170 2170 2170 2170 2170 2170 2170 2170 

Existing Resources 7444 7462 7450 7438 7484 7530 7661 7792 7747 7703 7698 7692 7623 7553 7560 7566 7572 7577 7583 7577 

BP A Requirements -2367 -2536 -2673 -2571 -2693 -2817 -2927 -2880 -2999 -3113 -3192 -3278 -3389 -3511 -3621 -3622 -3675 -3790 -3912 -3897 

CONSERVATION PROGRAMS: 
Water Heat 1 0 0 0 0 2 6 10 15 20 24 30 36 42 47 53 59 62 64 65 65 
New Commercial 1 0 0 1 1 3 5 7 9 11 13 15 17 19 21 24 26 29 31 33 36 
Commercial R&R 1 0 2 4 6 8 10 11 13 15 17 19 21 23 25 27 29 30 32 34 36 
New SF Res 1 0 0 1 1 2 4 5 6 8 9 11 12 14 15 17 18 19 21 22 24 
New MF Res 1 0 0 0 0 0 0 1 1 1 1 1 1 1 2 2 2 2 2 2 2 
New Ma.nuf Housing 1 0 0 1 1 2 3 5 6 7 9 10 11 13 14 16 17 18 20 21 23 
New Res Light 1 0 0 0 1 2 2 3 4 4 5 6 6 7 8 8 9 10 10 11 11 
Wtr Htr Heat Pumps 0 0 0 0 1 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
BPA Contra.ct Recall 64 128 192 242 242 242 242 292 292 292 292 292 292 292 292 292 292 292 292 292 
Cons. Volt. Reg. 0 1 4 7 10 13 16 19 22 25 27 29 29 29 29 29 29 29 29 29 
Industrial 1 0 1 4 11 17 24 30 36 43 49 56 62 69 76 82 89 95 102 108 115 
Irrigation 1 0 0 1 1 2 2 3 3 4 4 5 5 6 6 7 7 8 8 9 9 
T&D Effie Impr 0 2 6 9 13 16 20 24 27 31 34 38 42 46 49 53 57 60 64 68 
Industrial 2 0 1 3 7 12 16 20 25 29 34 37 40 44 48 53 57 62 67 71 76 
Exist. Commercial 1 0 1 4 8 13 20 27 34 41 48 54 59 65 72 79 85 92 99 106 113 0 

m 
MF Res Weath 0 0 1 2 3 4 5 6 7 8 9 9 9 9 9 9 9 9 9 9 --1 

SF Res Wea.th 0 2 6 12 17 22 28 33 38 43 45 45 45 45 45 45 45 45 45 45 m 

Ex. Res. Lighting-I 0 0 0 0 0 0 0 0 0 0 0 1 2 3 3 4 5 6 7 8 ~ 
High Cost Block 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 z 

(ii ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- --1 
Subtotal 64 138 228 309 349 390 435 529 573 617 657 691 730 767 805 841 876 910 942 976 n 

;o 

GENERA TING RESOURCES: f2 
0 

Hydro Eff Imp 0 0 0 15 30 45 60 60 70 70 70 75 75 75 75 75 75 75 75 75 C 
Small Hydro 1 0 0 0 0 0 0 5 10 14 14 14 14 14 14 14 14 14 14 14 14 f€ 
Combined Cycle 1 0 0 0 0 0 0 0 357 357 714 714 714 714 714 714 714 714 714 714 714 m 
Small Hydro 2 0 0 0 0 0 0 0 0 4 7 7 7 7 7 7 7 7 11 14 14 rtJ 
WNP 3 0 0 0 0 0 0 0 0 0 0 0 0 868 868 868 868 868 868 868 868 ::i: 

m 
Thermal Eff Imp 0 0 0 0 0 0 6 6 6 6 6 6 6 6 6 6 6 6 6 6 0 

C Cogen 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 40 80 80 r 
Cogen 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 8 8 m 

(/l 

WNP 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2l Combined Cycle 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 357 ;o 

:§ Mun. Solid Waste 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 --1 

Cogen 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ::i: 
m 

z Wind 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 > 
0 Geothermal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Si 
cl Small Hydro 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 m 
::i: ~ =E E. Mont Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
m Cogen 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ 
(/l < --1 E. W a.sh Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
cl E. Oregon Coal Gas 

m 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ;o 

~ W. Wa/Or Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 m 
(/l 

;o Nevada Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .,, Wind 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 C 
f€ ~ Small Hydro 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 m 

Biomass 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .,, 
I 

Wind 3 0 0 0 < 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 cl 0 Replacement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 r 2l C ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----;::: r 
m Subtotal 0 0 0 15 30 45 71 433 451 811 811 816 1684 1684 1684 1684 1684 1736 1779 2136 15 
= (/l 

Total Firm Resources 5141 5065 5003 5193 5170 5149 5240 5873 5772 6018 5974 5923 6646 6492 6428 6470 6458 6434 6394 6792 

Load/Resource Ba.lance -222 -306 -409 -280 -356 -433 -415 148 -20 161 62 -48 618 387 238 193 97 -12 -142 166 
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z Study ID :5-APR-91 13:27:55 
tr1 

0 
Study Title:60% Conservation Penetration Rate - MEDIUM HIGH LOADS ~ 

1:1 z 
:i:: cii 
~ SYSTEM SUMMARY:Observed Loads and Resources (Avg MW),PARTY IOUs -l 
V, i'i 
-l Operating Year 90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05 05-06 06-07 07-08 08-09 09-10 ~ .,, 
0 ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- 0 
~ Observed Load 9398 9637 9839 10036 10240 10450 10660 10858 11048 11228 11400 11587 11780 11997 12234 12478 12706 12940 13187 13427 C: 
:,:, Observed Rate 2.54% 2.09% 2.00% 2.04% 2.04% 2.01% 1.86% 1.75% 1.63% 1.53% 1.63% 1.67% 1.84% 1.98% 1.99% 1.83% 1.84% 1.91% 1.82% fl .,, tr1 

I: Existing Resources 9411 9392 9340 9287 9214 9141 8976 8811 8691 8571 8520 8469 8445 8388 8344 8184 8132 8142 8161 7923 
V, 
n z 
fi1 I 

< BP A Requirements 107 138 188 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 C: r r 
C CONSERVATION PROGRAMS: fJl s: 
tr1 Water Heat 1 0 0 0 0 5 15 25 37 49 61 73 87 101 115 130 144 153 157 159 161 6 = New Commercial 1 0 1 3 8 16 28 40 53 66 79 93 107 121 135 150 165 181 197 213 229 :,:, 

Commercial R&R 1 0 4 8 11 15 19 23 26 30 34 38 41 45 49 53 56 60 64 68 71 -l 

New SF Res 1 0 0 1 2 4 7 9 12 14 17 19 22 25 28 30 33 36 38 41 44 
:i:: 
tr1 

New MF Res 1 0 0 0 0 1 1 2 2 2 3 3 4 4 5 5 6 6 7 7 7 :,, 

New Manuf Housing 1 0 0 1 3 6 9 12 16 19 23 27 30 34 38 42 46 49 53 56 60 ti 
tr1 

New Res Light 1 0 0 1 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 16 ~ Wtr Htr Heat Pumps 0 0 1 2 3 5 7 9 11 14 16 18 21 23 25 28 30 32 35 37 ::; Cons. Volt. Reg. 0 2 6 11 15 19 23 27 32 36 40 42 42 42 42 42 42 42 42 42 
Industrial 1 0 1 4 11 17 24 30 36 43 49 56 62 69 76 82 89 95 102 108 115 < 

tr1 
Irrigation 1 0 0 1 1 2 3 3 4 5 5 6 7 7 8 9 9 10 11 12 12 :,:, 
T&D Effie Impr 0 1 5 8 12 15 19 22 26 29 33 36 40 43 46 50 53 57 60 63 tr1 

V, 

Industrial 2 0 1 3 7 12 16 20 25 29 34 38 43 47 52 56 61 66 70 75 79 0 
C: 

Exist. Commercial 1 0 1 7 15 27 40 54 67 81 94 108 121 135 148 162 175 188 202 215 229 fl MF Res Weath 0 2 4 8 12 16 19 23 27 31 31 31 31 31 31 31 31 31 31 31 tr1 
SF Res Weath 0 2 6 11 16 21 26 31 35 40 42 42 42 42 42 42 42 42 42 42 6 Ex. Res. Lighting-! 0 1 1 2 4 5 6 7 8 10 11 11 11 11 11 11 11 11 11 11 

1'.:l High Cost Block 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 a ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- C Subtotal 0 16 52 101 169 246 322 402 483 566 642 713 785 857 928 1001 1067 1131 1191 1251 0 
V, 

GENERA TING RESOURCES: 
Hydro Eff Imp 0 0 0 10 20 30 35 35 35 35 35 35 35 35 35 35 35 35 35 35 
Small Hydro 1 0 0 0 0 0 0 14 29 43 52 62 71 76 76 76 76 76 76 76 76 
Combined Cycle 1 0 0 0 0 0 0 0 357 357 357 357 357 357 357 357 357 357 357 357 357 
Small Hydro 2 0 0 0 0 0 0 11 22 33 43 51 58 65 72 80 87 87 87 87 87 
Thermal Eff Imp 0 0 0 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 
Cogen 1 0 0 0 0 40 160 280 400 420 420 420 420 420 420 420 420 420 420 420 420 
Cogen 2 0 0 0 0 0 0 0 41 49 49 49 49 49 49 49 49 49 49 49 49 
Combined Cycle 2 0 0 0 0 0 0 0 0 0 357 357 357 357 357 357 357 357 357 357 357 
Mun. Solid Waste 0 0 0 0 0 0 0 0 0 8 8 8 8 15 15 15 15 23 23 30 
Cogen 3 0 0 0 0 0 0 0 0 328 456 584 728 896 960 960 960 960 960 960 960 
Wind 1 0 0 0 0 0 0 17 29 29 29 29 29 29 29 29 29 29 29 29 29 
Geothermal 0 0 0 0 0 0 105 175 245 245 245 245 245 280 280 280 280 280 280 280 
Small Hydro 3 0 0 0 0 0 0 0 0 15 26 33 37 37 52 63 74 85 96 107 107 
E. Mont Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 298 597 895 895 1194 1492 
Cogen 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
E. Wash Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
E. Oregon Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
W. Wa/Or Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nevada Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Wind 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Small Hydro 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Biomass 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Wind 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Replacement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- :,, 
Subtotal 0 0 0 60 110 240 512 1138 1604 2127 2280 2444 2624 2752 3069 3386 3695 3714 4024 4329 .,, .,, 

tr1 
Total Firm Resources 9519 9546 9580 9451 9492 9626 9812 10351 10778 11263 11440 11626 11853 11997 12341 12571 12895 12985 13375 13504 z 

0 x 
Load/Resource Balance 121 -90 -259 -585 -748 -824 -848 -507 -270 35 40 40 72 -1 107 93 189 45 187 77 0 

0, I I 
0, I:,;) 

"' 
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Study ID :5-APR-91 13:27:55 z 
0 

Study Title:60% Conservation Penetration Rate - MEDIUM HIGH LOADS >< 
0 

SYSTEM SUMMARY:Observed Loads and Resources (Avg MW),PARTY - Generating Publics I 
o; 

Operating Year 90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05 05-06 06-07 07-08 08-09 09-10 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Observed Load 4705 4830 4935 5038 5144 5252 5361 5464 5568 5667 5754 5849 5949 6061 6183 6309 6427 6548 6676 6801 
Observed Rate 2.67% 2.18% 2.09% 2.10% 2.11% 2.07% 1.92% 1.89% 1.78% 1.54% 1.64% 1.71% 1.88% 2.02% 2.04% 1.87% 1.88% 1.96% 1.86% 

Existing Resources 2445 2432 2450 2468 2451 2435 2434 2433 2411 2390 2394 2398 2381 2365 2372 2496 2559 2559 2559 2699 

BP A Requirements 2260 2398 2485 2571 2693 2817 2927 2880 2999 3113 3192 3278 3389 3511 3621 3622 3675 3790 3912 3897 

CONSERVATION PROGRAMS: 
Water Heat 1 0 0 0 0 2 6 10 14 18 22 27 33 38 44 49 54 58 59 60 60 
New Commercial 1 0 0 1 2 5 8 11 14 18 21 25 28 32 36 40 44 48 52 56 60 
Commercial R&R 1 0 0 0 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0 
New SF Res 1 0 0 1 1 2 4 5 6 7 9 10 11 13 14 15 17 18 19 21 22 
New MF Res 1 0 0 0 0 0 0 0 1 1 1 1 1 1 1 2 2 2 2 2 2 
New Manuf Housing 1 0 0 1 1 2 3 4 5 7 8 9 11 12 13 14 16 17 18 20 21 
New Res Light 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Wtr Htr Heat Pumps 0 0 0 0 0 1 2 3 4 5 5 6 7 8 9 10 11 12 13 14 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Subtotal 0 0 3 4 11 22 32 43 55 66 77 90 103 116 129 143 154 162 172 179 

GENERA TING RESOURCES: 
Replacement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Subtotal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Total Firm Resources 4705 4831 4938 5043 5156 5274 5393 5356 5464 5568 5664 5766 5874 5992 6122 6261 6387 6511 6641 6775 I i Load/Resource Balance 0 1 2 5 11 22 32 -109 -104 -98 -90 -82 -75 -69 -61 -48 -40 -37 -35 -26 
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z Study ID :5-APR-91 13:27:55 
tT1 

0 ~ cl Study Title:60% Conservation Penetration Rate - MEDIUM HIGH LOADS 
::r: z 
=E SYSTEM SUMMARY:Observed Loads and Resources (Avg MW),PARTY REGION cii 
tT1 

--1 
(/) i"i 
--1 Operating Year 90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05 05-06 06-07 07-08 08-09 09-10 " .,, tT1 
0 ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- (/) 

=E Observed Load 17183 17608 17949 18303 18682 19072 19464 19837 20197 20542 20869 21222 21587 21993 22438 22895 23325 23764 24230 24683 0 
tT1 C 

" Observed Rate 2.47% 1.94% 1.97% 2.07% 2.09% 2.06% 1.91% 1.82% 1. 71% 1.59% 1.69% 1.72% 1.88% 2.02% 2.04% 1.88% 1.89% 1.96% 1.87% fl .,, 
DSI Firm Load '2282 2230 2237 2244 2228 2212 2211 2211 2211 2210 2197 2183 2170 2170 2170 2170 2170 2170 2170 2170 tT1 r ;,, (/) 

z n 
I Existing Resources 19300 19286 19239 19193 19150 19106 19071 19036 18849 18663 18611 18559 18449 18306 18276 18247 18263 18278 18304 18199 ::r: 
< 

tT1 

0 
Cl 

r CONSERVATION PROGRAMS: C 
C 286 

r 
Water Heat 1 0 0 0 0 9 27 45 66 87 107 130 156 181 206 232 257 273 280 284 tT1 s: (/) 

tT1 New Commercial 1 0 1 5 11 24 41 58 76 95 113 133 152 172 192 214 235 258 280 302 325 
c3 = Commercial R&R 1 0 6 12 17 23 29 34 39 45 51 57 62 68 74 80 85 90 96 102 107 

" New SF Res 1 0 0 3 4 8 15 19 24 29 35 40 45 52 57 62 68 73 78 84 90 --1 

New MF Res 1 0 0 0 0 1 1 3 4 4 5 5 6 6 8 9 10 10 11 11 11 ::r: 
tT1 

New Manuf Housing 1 0 0 3 5 10 15 21 27 33 40 46 52 59 65 72 79 84 91 97 104 ;,, 
New Res Light 1 0 0 1 2 4 5 7 9 10 12 14 15 17 19 20 22 24 25 27 27 ~ 
Wtr Htr Heat Pumps 0 0 1 2 4 7 11 15 19 24 27 31 36 40 44 49 53 57 62 66 tT1 

BP A Contract Recall 64 128 192 242 242 242 242 292 292 292 292 292 292 292 292 292 292 292 292 292 ~ 
Cons. Volt. Reg. 0 3 10 18 25 32 39 46 54 61 67 71 71 71 71 71 71 71 71 71 ::; 
Industrial 1 0 2 8 22 34 48 60 72 86 98 112 124 138 152 164 178 190 204 216 230 ~ 
Irrigation 1 0 0 2 2 4 5 6 7 9 9 11 12 13 14 16 16 18 19 21 21 

~ T&D Effie Impr 0 3 11 17 25 31 39 46 53 60 67 74 82 89 95 103 110 117 124 131 

Industrial 2 0 2 6 14 24 32 40 50 58 68 75 83 91 100 109 118 128 137 146 155 0 
Exist. Commercial 1 0 2 11 23 40 60 81 101 122 142 162 180 200 220 241 260 280 301 321 342 C 

" MF Res Weath 0 2 5 10 15 20 24 29 34 39 40 40 40 40 40 40 40 40 40 40 n 
tTl 

SF Res Weath 0 4 12 23 33 43 54 64 73 83 87 87 87 87 87 87 87 87 87 87 .,, 
Ex. Res. Lighting-I 0 1 1 2 4 5 6 7 8 10 11 12 13 14 14 15 16 17 18 19 0 

High Cost Block 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 cl 
----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- c3 

Subtotal 64 154 283 414 529 658 789 974 1111 1249 1376 1494 1618 1740 1862 1985 2097 2203 2305 2406 5 
(/) 

GENERA TING RESOURCES: 
Hydro Eff Imp 0 0 0 25 50 75 95 95 105 105 105 110 110 110 110 110 110 110 110 110 
Small Hydro 1 0 0 0 0 0 0 19 39 57 66 76 85 90 90 90 90 90 90 90 90 
Combined Cycle 1 0 0 0 0 0 0 0 714 714 1071 1071 1071 1071 1071 1071 1071 1071 1071 1071 1071 
Small Hydro 2 0 0 0 0 0 0 11 22 37 50 58 65 72 79 87 94 94 98 101 101 
WNP 3 0 0 0 0 0 0 0 0 0 0 0 0 868 868 868 868 868 868 868 868 
Thermal Eff Imp 0 0 0 50 50 50 56 56 56 56 56 56 56 56 56 56 56 56 56 56 
Cogen 1 0 0 0 0 40 160 280 400 420 420 420 420 420 420 420 420 420 460 500 500 
Cogen 2 0 0 0 0 0 0 0 41 49 49 49 49 49 49 49 49 49 57 57 57 
WNP 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Combined Cycle 2 0 0 0 0 0 0 0 0 0 357 357 357 357 357 357 357 357 357 357 714 

Mun. Solid Waste 0 0 0 0 0 0 0 0 0 8 8 8 8 15 15 15 15 23 23 30 
Cogen 3 0 0 0 0 0 0 0 0 328 456 584 728 896 960 960 960 960 960 960 960 
Wind 1 0 0 0 0 0 0 17 29 29 29 29 29 29 29 29 29 29 29 29 29 
Geothermal 0 0 0 0 0 0 105 175 245 245 245 245 245 280 280 280 280 280 280 280 
Small Hydro 3 0 0 0 0 0 0 0 0 15 26 33 37 37 52 63 74 85 96 107 107 
E. Mont Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 298 597 895 895 1194 1492 
Cogen 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

E. Wash Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
E. Oregon Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

W. Wa/Or Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nevada Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Wind 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o· 0 0 0 0 
Small Hydro 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Biomass 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Wind 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Replacement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ;,, .,, 
----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- .,, 

tT1 
Subtotal 0 0 0 75 140 285 583 1571 2055 2938 3091 3260 4308 4436 4753 5070 5379 5450 5803 6465 z 

Cl 

Tota.I Firm Resources 19364 19443 19521 19687 19818 20049 20444 21580 22014 22850 23077 23315 24373 24481 24891 25302 25740 25930 26410 27071 x 
"' I 

0 
0, 

I _, 
Load/Resource Ba.la.nee -101 -395 -666 -860 -1093 -1235 ·-1231 -467 -394 97 11 -90 616 318 284 238 246 -4 10 217 0:, 



~ I I ~ 
tT1 

Study ID :8-APR-91 12:36:21 

I 
z 
0 

Study Title:60% Conservation Penetration Rate - HIGH LOADS x 
0 

SYSTEM SUMMARY:Observed Loads and Resources (Avg MW),PARTY = BPA 
I 

"' 
Operating Year 90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05 05-06 06-01 01-08 08-09 09-10 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Observed Load 3151 3260 3326 3414 3523 3631 3745 3846 3943 4045 4148 4254 4357 4468 4594 4718 4835 4955 5080 5206 

Observed Rate 3.41% 2.02% 2.66% 3.17% 3.01% 3.15% 2.69% 2.53% 2.59% 2.55% 2.54% 2.43% 2.55% 2.80% 2.71% 2.48% 2.41% 2.52% 2.48% 
DSI Firm Load 2336 2314 2335 2357 2356 2355 2354 2354 2353 2352 2326 2301 2215 2215 2215 2215 2275 2215 2215 2215 

Existing Resources 7444 7462 1450 1438 1484 7530 7661 1192 1141 1103 1698 1692 7623 1553 1560 1566 1512 1511 7583 1511 

BP A Requirements -2489 -2149 -2944 -2905 -3101 -3295 -3471 -3441 -3607 -3781 -3921 -4064 -4222 -4392 -4561 -4616 -4128 -4903 -5085 -5134 

CONSERVATION PROGRAMS: 
Water Heat 1 0 0 0 0 2 1 12 17 22 28 33 40 41 54 61 68 12 14 15 16 

New Commercial 1 0 0 1 2 4 1 9 11 14 17 19 22 24 27 30 33 36 39 42 45 

Commercial R&R 1 0 2 4 5 1 9 11 13 14 16 18 20 21 23 25 27 29 30 32 34 
New SF Res 1 0 0 1 2 4 1 9 11 14 16 18 21 23 26 28 30 33 35 31 40 

New MF Res 1 0 0 0 0 0 0 1 1 1 1 1 1 2 2 2 2 2 2 3 3 

New Manuf Housing 1 0 0 1 1 2 3 4 5 1 8 9 10 12 13 14 15 11 18 19 20 

New Res Light 1 0 0 1 1 2 3 4 5 6 1 8 9 10 11 12 13 14 15 15 16 

Wtr Htr Heat Pumps 0 0 0 0 1 2 3 4 6 1 9 10 12 13 15 16 18 19 20 22 
BP A Contract Recall 192 192 192 242 242 242 242 292 292 292 292 292 292 292 292 292 292 292 292 292 

Cons. Volt. Reg. 0 1 4 1 10 13 16 19 22 25 21 29 29 29 29 29 29 29 29 29 

Industrial 1 0 1 4 11 17 24 30 36 43 49 56 62 69 16 82 89 95 102 108 115 

Irrigation 1 0 0 1 1 2 2 3 3 4 4 5 5 6 6 1 1 8 8 9 9 

T&D Effie Impr 0 2 6 9 13 16 20 24 27 31 34 38 42 46 49 53 57 60 64 68 

Industrial 2 0 1 3 7 12 16 20 25 29 34 38 43 41 52 56 61 66 70 75 19 

Exist. Commercial 1 0 1 4 8 13 20 27 34 41 48 55 61 68 75 82 89 95 102 109 116 0 
tT1 

MF Res Weath 0 0 1 2 3 4 5 6 1 8 9 9 9 9 9 9 9 9 9 9 >--l 
tT1 

SF Res Weath 0 2 6 12 17 22 28 33 38 43 45 45 45 45 45 45 45 45 45 45 " Ex. Res. Lighting-1 0 0 0 0 0 0 0 0 0 0 0 1 2 3 3 4 5 6 7 8 :a: 

High Cost Block 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 6 11 17 22 28 z 
vi 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- >--l 

Subtotal 192 202 229 310 351 397 444 539 581 634 616 718 160 802 842 888 933 972 1012 1054 i'i 

" tT1 

GENERA TING RESOURCES: "' 0 
Hydro Eff Imp 0 0 0 15 30 45 60 15 75 15 75 15 15 75 15 75 15 75 75 15 C 

Small Hydro 1 0 0 0 0 0 0 5 10 14 14 14 14 14 14 14 14 14 14 14 14 Pi 
Combined Cycle 1 0 0 0 0 0 0 0 357 714 714 714 714 714 714 714 714 714 114 714 714 tT1 

Cl) 

Small Hydro 2 0 0 0 0 {) 0 4 1 1 11 11 11 11 14 14 14 14 14 14 14 ('l 

WNP 3 0 0 0 0 0 0 0 0 868 868 868 868 868 868 868 868 868 868 868 868 
:i:: 
tT1 

Thermal Eff Imp 0 0 0 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 0 
C 

Cogen 1 0 0 0 0 0 20 60 80 80 80 80 80 80 80 80 80 80 80 80 80 r 

Cogen 2 0 0 0 0 0 0 0 8 8 8 8 8 8 8 8 8 8 8 8 8 
m 
"' 

WNP 1 0 0 0 0 0 0 0 0 0 0 818 818 818 818 818 818 818 818 818 818 c3 
Combined Cycle 2 0 0 0 0 0 0 0 0 0 0 0 0 0 357 357 714 714 1071 1071 1071 " ~ Mun. Solid Waste 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 8 >--l 

:i:: 
~ Cogen 3 0 0 0 0 0 0 0 0 0 56 56 56 56 56 112 112 112 112 168 168 tT1 
z Wind 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 6 :,. 
0 ti q Geothermal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 35 35 m 
:i:: Small Hydro 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 1 ~ :,J E. Mont Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
m Cogen 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 48 

::; 
>--l < .,, E. Wash Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 tT1 
0 E. Oregon Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 " ~ w. Wa/Or Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 m 
" Nevada Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

C .,, 
Wind 2 0 s: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 16 40 Pi 

z Small Hydro 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 tT1 

I Biomass 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
.,, 

< Wind 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 

0 
0 0 0 0 5 q 

r Replacement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 '1i 
C 0 
:a: ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- 5 tT1 Subtotal 0 0 0 21 36 71 135 543 1772 1832 2650 2650 2650 3010 3066 3423 3423 3780 3913 3985 

= "' 
Total Firm Resources 5147 4916 4733 4866 4111 4704 4768 5434 6500 6388 7105 6998 6811 6972 6909 7262 7199 7428 7424 1481 

Load/Resource Balance -340 -658 -928 -905 -1107 -1282 -1331 -765 204 -9 630 444 179 229 40 269 89 198 10 1 



:§ Cl 
tTl 
--l 

z Study ID :8-APR-91 12:36:21 tTl 
0 ~ 
~ Study Title:60% Conservation Penetration Rate - HIGH LOADS 

:i:: z 
~ SYSTEM SUMMARY Observed Loads and Resources (Avg MW),PARTY = IOUs Eii 

--l 
n 

--l Operating Year 90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05 05-06 06-07 07-08 08-09 09-10 1;l ..,, 
0 ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- V, 

:6 Observed Load 9642 10059 10381 10709 11061 11407 11751 12045 12332 12636 12932 13282 13524 13842 14203 14557 14898 15246 15608 15970 0 
tTl c:: 
;,, Observed Rate 4.33% 3.20% 3.16% 8.29% 3.18% 8.01% 2.50% 2.89% 2.46% 2.84% 2.32% 2.21% 2.36% 2.60% 2.50% 2.84% 2.84% 2.87% 2.32% Pl ..,, 

tTl > Existing Resources 9411 9392 9340 9287 9214 9141 8976 8811 8691 8571 8520 8469 8445 8888 8844 8184 8132 8142 8161 7923 "' z (') 

I :i:: 
tTl < BP A Requirements 107 138 188 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Cl 0 c:: t"' 

~ c:: CONSERVATION PROGRAMS: 
~ 
tTl Water Heat 1 0 0 0 0 6 17 29 43 56 69 88 97 113 131 149 166 176 181 185 187 2l = New Commercial 1 0 2 5 11 24 39 54 70 86 103 119 136 154 171 189 207 226 245 264 283 ;,, 

Commercial R&R 1 0 4 7 11 14 18 21 25 28 32 35 39 42 46 50 53 57 60 64 67 --l 
New SF Res 1 0 1 2 4 7 11 16 20 24 29 33 37 42 46 51 56 60 64 69 73 :i:: 

tTl 
New MF Res 1 0 0 0 0 1 1 2 2 3 3 4 4 5 5 6 6 7 7 8 8 :,. 
New Me.nuf Housing 1 0 0 1 3 5 8 11 14 18 21 24 28 31 84 38 41 44 47 51 54 Si 
New Res Light 1 0 0 1 2 3 5 6 7 9 10 12 13 14 16 17 19 20 22 22 23 tTl 

;,, 
Wtr Htr Heat Pumps 0 0 1 3 5 8 10 14 17 20 24 27 30 34 37 41 44 47 51 54 z 
Cons. Volt. Reg. 0 2 6 11 15 19 28 27 32 36 40 42 42 42 42 42 42 42 42 42 ::; 
Industrial 1 0 1 4 11 17 24 80 36 43 49 56 62 69 76 82 89 95 102 108 115 <: 
Irrigation 1 0 0 1 1 2 3 3 4 5 5 6 7 7 8 9 9 10 11 12 12 tTl 

;,, 
T&D Effie Impr 0 1 5 8 12 15 19 22 26 29 33 86 40 43 46 50 53 57 60 63 f;l 
Industrial 2 0 1 3 7 12 16 20 25 29 34 38 43 47 52 56 61 66 70 75 79 0 
Exist. Commercial 1 0 1 7 15 27 40 54 67 81 94 108 121 135 148 162 175 188 202 215 229 c:: 
MF Res Weath 0 2 4 8 12 16 19 23 27 31 31 81 31 31 31 31 81 31 31 31 fl 

tTl 
SF Res Wee.th 0 2 6 11 16 21 26 31 35 40 42 42 42 42 42 42 42 42 42 42 ..,, 
Ex. Res. Lighting-1 0 1 1 2 4 5 6 7 8 10 11 11 11 11 11 11 11 11 11 11 0 

High Cost Block 0 0 0 0 0 0 0 0 0 0 2 8 17 25 34 42 50 59 67 76 ~ 
----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- 2l 

Subtotal 0 18 54 108 182 266 349 437 527 615 701 784 872 961 1052 1141 1222 1300 1377 1449 
t"' 
5 
V, 

GENERA TING RESOURCES: 
Hydro Eff Imp 0 0 0 10 20 30 35 35 35 35 35 35 35 35 35 35 85 35 35 35 
Sme.ll Hydro 1 0 0 0 0 0 0 14 29 43 52 62 71 76 76 76 76 76 76 76 76 
Combined Cycle 1 0 0 0 0 0 0 0 357 357 357 357 357 357 357 357 357 357 357 357 357 
Sme.ll Hydro 2 0 0 0 0 0 0 11 22 33 43 51 58 65 72 80 87 87 87 87 87 
Thermal Eff Imp 0 0 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 
Cogen 1 0 0 0 0 40 160 280 400 420 420 420 420 420 420 420 420 420 420 420 420 
Cogen 2 0 0 0 0 0 0 0 41 49 49 49 49 49 49 49 49 49 49 49 49 
Combined Cycle 2 0 0 0 0 0 0 0 0 0 357 357 357 357 357 357 357 357 357 357 357 
Mun. Solid We.ste 0 0 0 0 0 0 0 0 0 8 8 8 8 15 15 15 15 23 23 30 
Cogen 3 0 0 0 0 0 0 0 0 328 656 840 960 960 960 960 960 960 960 960 960 
Wind 1 0 0 0 0 0 12 23 23 23 23 23 23 23 23 23 23 23 23 23 23 
Geothermal 0 0 0 0 0 105 175 245 280 280 280 280 280 280 280 280 280 280 280 280 
Small Hydro 3 0 0 0 0 0 0 15 30 44 59 74 85 96 107 107 107 107 107 107 107 
E. Mont Coal Gas 0 0 0 0 0 0 0 0 0 597 895 895 1194 1492 1790 1790 1790 1790 1790 1790 
Cogen 4 0 0 0 0 0 0 0 0 0 0 0 0 72 72 224 416 456 456 456 456 
E. Wash Coal Gas 0 0 0 0 0 0 262 262 262 262 262 262 262 262 262 262 523 785 785 785 
E. Oregon Coe.I Ge.s 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 523 785 
W. Wa/Or Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nevada Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Wind 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 24 
Small Hydro 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Biomass 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Wind 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Replacement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Subtotal 0 0 50 60 110 357 865 1494 1924 3248 3763 3910 4804 4627 5085 5284 5585 5855 6378 6671 ?; ..,, 

tTl 
Total Firm Resources 9519 9547 9632 9456 9505 9763 10191 10741 11141 12434 12982 13164 13620 13977 14480 14609 14941 15297 15915 16044 z 

Cl 

Load/Resource Balance -123 -512 -749 -1252 -1556 -1645 -1560 -1303 -1192 -202 50 -68 97 135 277 51 43 50 307 74 x 
:::; 

0, I I 
$ ti: 



~ I :,, .,, .,, 
trl 

Study ID :8-APR-91 12:36:21 z 
0 

Study Title:60% Conservation Penetration Rate - HIGH LOADS x 
s 

SYSTEM SUMMARY:Observed Loads and Resources (Avg MW),PARTY = Generating Publics I 

"' 
Operating Year 90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05 05-06 06-07 07-08 08-09 09-10 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Observed Load 4827 5043 5206 5373 5553 5730 5905 6055 6208 6369 6521 6675 6825 6989 7173 7355 7535 7719 7911 8103 
Observed Rate 4.49% 3.23% 3.19% 3.35% 3.19% 3.06% 2.54% 2.52% 2.59% 2.39% 2.37% 2.24% 2.39% 2.64% 2.54% 2.45% 2.46% 2.48% 2.43% 

Existing Resources 2445 2432 2450 2468 2451 2435 2434 2433 2411 2390 2394 2398 2381 2365 2372 2496 2559 2559 2559 2699 

BP A Requirements 2382 2611 2756 2905 3101 3295 3471 3441 3607 3781 3921 4064 4222 4392 4661 4616 4728 4903 5085 5134 

CONSERVATION PROGRAMS: 
Water Heat 1 0 0 0 0 2 6 11 16 21 25 31 37 43 50 56 62 66 68 69 70 
New Commercial 1 0 1 1 3 1 11 15 19 23 28 32 36 41 45 50 55 60 64 69 74 
Commercial R&R 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
New SF Res 1 0 0 1 2 4 6 8 10 12 15 17 19 21 24 26 28 30 32 35 37 
New MF Res 1 0 0 0 0 0 0 1 1 1 1 1 1 1 2 2 2 2 2 2 3 
New Manuf Housing 1 0 0 1 1 2 3 4 5 6 7 8 10 11 12 13 14 15 16 18 19 
New Res Light 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Wtr Htr Heat Pumps 0 0 0 0 1 2 3 4 5 1 8 9 11 12 14 15 16 18 19 20 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Subtotal 0 1 3 6 16 28 42 55 68 83 97 112 128 145 161 176 189 200 212 223 

GENERA TING RESOURCES: 
Replacement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Subtotal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Total Firm Resources 4827 5045 5209 5379 5568 5758 5947 5929 6087 6253 6412 6574 6731 6902 7093 7288 7476 7663 7855 8056 H Load/Resource Balance 0 1 3 1 16 28 42 -126 -121 -116 -109 -101 -94 -87 -80 -67 -59 -57 -56 -47 
z 
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tT1 ..., 

z Study ID :8-APR-91 12:36:21 
tT1 

0 ~ cl Study Title:60% Conservation Penetration Rate - HIGH LOADS 
:I: z 
~ SYSTEM SUMMARY:Observed Loads and Resources (Avg MW),PARTY = REGION 

!ii ..., 
"' 1'l ..., 
2s 

Operating Year 90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05 05-06 06-07 07-08 08-09 09-10 Gl 
----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- "' :ii Observed Load 17619 18363 18913 19496 20136 20768 21401 21946 22483 23050 23601 24161 24706 25299 25970 26631 27269 27920 28598 29278 0 

tT1 C: ,, 
Observed Rate 4.22% 3.00% 3.08% 3.29% 3.14% 3.05% 2.54% 2.45% 2.52% 2.39% 2.37% 2.26% 2.40% 2.65% 2.55% 2.40% 2.39% 2.43% 2.38% ~ ..,, 

r DSI Firm Load 2336 2314 2335 2357 2356 2355 2354 2354 2353 2352 2326 2301 2275 2275 2275 2275 2275 2275 2275 2275 tT1 

~ ~ 
I Existing Resources 19300 19286 19239 19193 19150 19106 19071 19036 18849 18663 18611 18559 18449 18306 18276 18247 18263 18278 18304 18199 :I: 

< tT1 

0 
0 

r CONSERVATION PROGRAMS: 
C: 

C: 
r 

s: Water Heat 1 0 0 0 0 10 30 52 76 99 122 147 174 203 235 266 296 314 323 329 333 ~ 
tT1 New Commercial 1 0 3 7 16 35 57 78 100 123 148 170 194 219 243 269 295 322 348 375 402 6 = Commercial R&R 1 0 6 11 16 21 27 32 38 42 48 53 59 63 69 75 80 86 90 96 101 ,, 

New SF Res 1 0 1 4 8 15 24 33 41 50 60 68 77 86 96 105 114 123 131 141 150 ..., 
New MF Res 1 0 0 0 0 1 1 4 4 5 5 6 6 8 9 10 10 11 11 13 14 §; 
New Manuf Housing 1 0 0 3 5 9 14 19 24 31 36 41 48 54 59 65 70 76 81 88 93 > 
New Res Light 1 0 0 2 3 5 8 10 12 15 17 20 22 24 27 29 32 34 37 37 39 Si 
Wtr Htr Heat Pumps 0 0 1 3 7 12 16 22 28 34 41 46 53 59 66 72 78 84 90 96 tT1 

BP A Contract Recall 192 192 192 242 242 242 242 292 292 292 292 292 292 292 292 292 292 292 292 292 ~ 
Cons. Volt. Reg. 0 3 10 18 25 32 39 46 54 61 67 71 71 71 71 71 71 71 71 71 ?:; 
Industrial 1 0 2 8 22 34 48 60 72 86 98 112 124 138 152 164 178 190 204 216 230 < 
Irrigation 1 0 0 2 2 4 5 6 7 9 9 11 12 13 14 16 16 18 19 21 21 tT1 ,, 
T&D Effie Impr 0 3 11 17 25 31 39 46 53 60 67 74 82 89 95 103 110 117 124 131 ~ 
Industrial 2 0 2 6 14 24 32 40 50 58 68 76 86 94 104 112 122 132 140 150 158 0 

Exist. Commercial 1 0 2 11 23 40 60 81 101 122 142 163 182 203 223 244 264 283 304 324 345 C: 

MF Res Weath 0 2 5 10 15 20 24 29 34 39 40 40 40 40 40 40 40 40 40 40 ~ 
SF Res Weath 0 4 12 23 33 43 54 64 73 83 87 87 87 87 87 87 87 87 87 87 

tT1 .,, 
Ex. Res. Lighting-I 0 1 1 2 4 5 6 7 8 10 11 12 13 14 14 15 16 17 18 19 0 

High Cost Block 0 0 0 0 0 0 0 0 0 0 2 8 17 25 35 48 61 76 89 104 cl 
----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- 6 

Subtotal 192 221 286 424 549 691 835 1031 1182 1332 1474 1614 1760 1908 2055 2205 2344 2472 2601 2726 C: 
0 
"' 

GENERA TING RESOURCES: 
Hydro Eff Imp 0 0 0 25 50 75 95 110 110 110 110 110 110 110 110 110 110 110 110 110 

Small Hydro 1 0 0 0 0 0 0 19 39 57 66 76 85 90 90 90 90 90 90 90 90 

Combined Cycle 1 0 0 0 0 0 0 0 714 1071 1071 1071 1071 1071 1071 1071 1071 1071 1071 1071 1071 

Small Hydro 2 0 0 0 0 0 0 15 29 40 54 62 69 76 86 94 101 101 101 101 101 

WNP 3 0 0 0 0 0 0 0 0 868 868 868 868 868 868 868 868 868 868 868 868 

Thermal Eff Imp 0 0 50 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 

Cogen 1 0 0 0 0 40 180 340 480 500 500 500 500 500 500 500 500 500 500 500 500 

Cogen 2 0 0 0 0 0 0 0 49 57 57 57 57 57 57 57 57 57 57 57 57 

WNP 1 0 0 0 0 0 0 0 0 0 0 818 818 818 818 818 818 818 818 818 818 

Combined Cycle 2 0 0 0 0 0 0 0 0 0 357 357 357 357 714 714 1071 1071 1428 1428 1428 
Mun. Solid Waste 0 0 0 0 0 0 0 0 0 8 8 8 8 15 15 15 15 23 31 38 
Cogen 3 0 0 0 0 0 0 0 0 328 712 896 1016 1016 1016 1072 1072 1072 1072 1128 1128 

Wind 1 0 0 0 0 0 12 23 23 23 23 23 23 23 23 23 23 23 23 29 29 

Geothermal 0 0 0 0 0 105 175 245 280 280 280 280 280 280 280 280 280 280 315 315 

Small Hydro 3 0 0 0 0 0 0 15 30 44 59 74 85 96 107 107 107 107 107 111 114 

E. Mont Coal Gas 0 0 0 0 0 0 0 0 0 597 895 895 1194 1492 1790 1790 1790 1790 1790 1790 

Cogen 4 0 0 0 0 0 0 0 0 0 0 0 0 72 72 224 416 456 456 464 504 

E. Wash Coal Gas 0 0 0 0 0 0 262 262 262 262 262 262 262 262 262 262 523 785 785 785 

E. Oregon Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 523 785 

W. Wa/Or Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Nevada Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Wind 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 16 64 

Small Hydro 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Biomass 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Wind 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 

Replacement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ?; 
----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- .,, 

Subtotal 0 0 50 146 1000 2037 3696 5080 6413 6560 6954 7637 8151 8707 9008 9635 10291 10656 
tT1 

81 428 z 
0 

Total Firm Resources 19493 19508 19574 19702 19844 20225 20906 22105 23728 25075 26499 26736 27162 27851 28482 29159 29616 30387 31195 31581 ~ 
0, I 

:; 
;:! 

I 

Load/Resource Balance -462 -1169 -1674 -2150 -2648 -2898 -2849 -2195 -1108 -327 572 275 181 277 238 254 73 192 322 28 "" 
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trl 

Study ID :8-APR-91 12:41:47 
z 

Study Title:High Gase Price Scenario - LOW LOADS I : SYSTEM SUMMARY:Observed Loads and Resources (Avg MW),PARTY = BPA 

Operating Year 90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05 05-06 06-07 07-08 08-09 09-10 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Observed Load 2934 2915 2888 2881 2892 2907 2923 2936 2948 2958 2969 2982 2995 3012 3035 3058 3081 3103 3128 3155 

Observed Rate -0.63% -0.95% -0.24% 0.37% 0.51% 0.55% 0.47% 0.41% 0.34% 0.36% 0.45% 0.44% 0.57% 0.74% 0.76% 0.75% 0.71% 0.80% 0.87% 

DSI Firm Load 1982 1781 1579 1378 1176 974 973 972 971 848 725 602 479 479 479 479 479 479 479 479 

Existing Resou1:ces 7444 7462 7450 7438 7484 7530 7661 7792 7747 7703 7698 7692 7623 7553 7560 7566 7572 7577 7583 7577 

BP A Requirements -2108 -2104 -2122 -1903 -1918 -1937 -1946 -1854 -1876 -1895 -1889 -1889 -1909 -1936 -1949 -1851 -1809 -1826 -1846 -1736 

CONSERVATION PROGRAMS: 
Water Heat 1 0 0 0 0 2 7 11 16 22 27 33 40 47 53 58 64 67 68 69 69 

New Commercial 1 0 0 0 1 1 3 4 5 6 8 9 11 12 13 15 16 18 20 21 23 

Commercial R&R 1 0 1 3 4 6 7 9 10 11 13 14 16 17 19 20 22 23 24 26 27 

New SF Res 1 0 0 0 0 1 1 2 2 3 3 4 4 5 5 6 6 7 8 8 9 
New MF Res 1 0 0 0 0 0 0 1 1 1 1 1 1 2 2 2 2 2 2 3 3 
New Manuf Housing 1 0 0 0 1 2 2 3 4 6 7 8 9 10 11 12 13 14 15 17 18 

New Res Light 1 0 0 0 0 1 1 1 2 2 2 3 3 3 4 4 5 5 5 6 6 
Wtr Htr Heat Pumps 0 0 0 0 0 1 1 1 2 2 3 3 4 4 5 5 6 6 7 7 
BP A Contract Recall 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cons. Volt. Reg. 0 2 6 10 14 18 23 27 31 35 35 35 35 35 35 35 35 35 35 35 
Industrial 1 0 2 6 15 24 33 43 52 61 70 70 70 70 70 70 70 70 70 70 70 
Irrigation 1 0 0 1 2 2 3 4 5 5 6 6 6 6 6 6 6 6 6 6 6 
T&D Effie lmpr 0 3 8 13 18 23 28 34 39 44 44 44 44 44 44 44 44 44 44 44 

Industrial 2 0 1 4 10 16 23 29 35 41 48 48 48 48 48 48 48 48 48 48 48 
Exist. Commercial 1 0 1 5 11 19 29 39 48 58 68 68 68 68 68 68 68 68 68 68 68 tl 

trl 
MF Res Weath 0 1 2 3 5 6 8 9 10 12 12 12 12 12 12 12 12 12 12 12 .., 
SF Res Weath 0 3 9 16 24 31 39 46 54 61 61 61 61 61 61 61 61 61 61 61 

trl 

Ex. Res. Lighting-I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ 
High Cost Block 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 z 

vi 
----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- .., 

Subtotal 0 14 44 86 135 188 245 297 352 407 419 431 444 455 466 477 486 492 501 506 c'i ,, 
GENERA TING RESOURCES: ~ 

0 
Hydro Eff Imp 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 C: 

Small Hydro 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 fl 
Small Hydro 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 trl 

(I) 

WNP 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 n 
Thermal Eff Imp 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

:,: 
trl 

Cogen 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 tl 

WNP 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
C: 
r 

Mun. Solid Waste 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 trl 
C/J 

Combined Cycle 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 
Combined Cycle 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ,, 

:§ Wind 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .., 
Geothermal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

:,: - trl 
z Small Hydro 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ 0 
cl E. Mont Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

E. Wash Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 trl 
:,: ~ :,J E. Oregon Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
trl W. Wa/Or Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ 
C/J .., 

Nevada Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 < ..,, trl 
0 Cogen 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ,, 
:,J Wind 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ trl ,, Small Hydro 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
..,, 

Biomass 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
C: 

~ Cogen 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 fl 
trl 

I Wind 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 d < Cogen 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 Replacement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 cl 
r 6 C: ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----;::: r 
trl Subtotal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 15 
= "' 

Total Firm Resources 5336 5372 5373 5623' 5702 5782 5958 6235 6223 6214 6226 6234 6156 6070 6076 6192 6249 6244 6236 6346 

Load/Resource Balance 420 676 906 1364 1635 1901 2062 2326 2303 2407 2531 2649 2681 2578 2562 2655 2688 2662 2629 2712 



:8 0 
tTl ., 

z Study ID :8-APR-91 12:41:47 tTl 
0 Study Title:High Gase Price Scenario - LOW LOADS ~ cl 
:i:: z 
~ SYSTEM SUMMARY:Observed Loads and Resources (Avg MW),PARTY = IOUs 00 ., 
(/l ('i ., 

Operating Year 90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05 05-06 06-07 07-08 08-09 09-10 1;l .,, 
0 ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- (/l 

~ 0 bserved Load 8920 8853 8823 8795 8785 8785 8795 8797 8791 8779 8771 8772 8776 8796 8831 8867 8901 8934 8973 9019 0 
C 

;,, Observed Rate -0.75% -0.35% -0.32% -0.11% 0.01% 0.11% 0.02% -0.07% -0.14% -0.09% 0.02% 0.05% 0.23% 0.39% 0.41% 0.38% 0.37% 0.44% 0.51% ~ .,, 
~ 

tTl 

Existing Resources 9411 9392 9340 9287 9214 9141 8976 8811 8691 8571 8520 8469 8445 8388 8344 8184 8132 8142 8161 7923 (/l 

n 
I :i:: 

< BP A Requirements 107 138 188 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 tTl 

0 0 
r C 
C CONSERVATION PROGRAMS: 

r 
3:: 

tTl 

Water Heat 1 0 0 0 0 5 16 28 41 54 67 82 97 113 128 142 157 165 168 169 169 
(/l 

tTl 2l = New Commercit1.l 1 0 0 1 3 8 16 23 32 40 48 57 66 76 85 95 105 114 125 135 146 
Commercial R&R 1 0 3 6 9 11 14 17 20 23 26 28 31 34 37 40 43 45 48 51 54 

;,, ., 
New SF Res 1 0 0 0 1 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 ~ 
New MF Res 1 0 0 0 0 1 1 2 2 3 3 4 4 5 5 6 6 7 7 8 8 > 
New Manuf Housing 1 0 0 1 2 4 6 9 12 15 17 20 23 26 29 32 35 38 41 44 47 Ci 
New Res Light 1 0 0 0 0 1 1 2 2 3 3 4 4 5 6 6 7 7 8 8 9 tTl 

Wtr Htr Heat Pumps 0 0 0 1 1 2 3 4 5 6 7 8 10 11 12 13 14 15 17 18 
;,, 
z 

Cons. Volt. Reg. 0 3 9 15 21 27 33 38 44 50 50 50 50 53 59 59 59 59 59 59 ::\ 
Industrial 1 0 2 6 15 24 33 43 52 61 70 70 70 70 72 76 84 93 103 112 118 < 
Irrigation 1 0 0 1 2 3 4 5 6 7 8 8 8 8 8 9 10 11 12 13 14 tTl 

T&D Effie Impr 0 2 7 12 17 22 27 31 36 41 41 41 41 44 48 53 58 63 68 72 ~ 
Industrial 2 0 1 4 10 16 23 29 35 41 48 48 48 48 49 52 57 64 70 77 81 0 
Exist. Commercial 1 0 2 10 22 38 57 77 96 115 134 134 134 134 134 134 137 144 156 172 192 C 

MF Res Weath 0 2 6 11 17 22 27 32 38 43 43 43 43 43 43 43 43 43 43 43 ~ 
SF Res Weath 0 2 8 15 22 29 36 43 50 57 57 57 57 57 57 57 57 57 57 57 tTl .,, 
Ex. Res. Lighting-1 0 1 2 4 5 7 8 10 12 13 13 13 13 13 13 13 13 13 13 13 0 

High Cost Block 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 cl 
----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- 2l 

Subtotal 0 18 61 122 195 282 372 460 552 640 673 705 742 784 835 891 945 1002 1061 1116 C 
0 
(/l 

GENERA TING RESOURCES: 
Hydro Eff Imp 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 15 25 35 
Small Hydro 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 10 14 19 29 
Small Hydro 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Thermal Eff Imp 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cogen 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Mun. Solid Waste 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Combined Cycle 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Combined Cycle 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Wind 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Geothermal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Small Hydro 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
E. Mont Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
E. Wash Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
E. Oregon Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
W. Wa/Or Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nevada Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cogen 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Wind 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Small Hydro 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Biomass 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cogen 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Wind 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cogen 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Replacement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Subtotal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 15 29 44 64 ~ .,, 
Total Firm Resources 9519 9549 9590 9410 9410 9423 9346 9271 9241 9212 9193 9176 9185 9170 9179 9079 9093 9173 9267 9103 

tTl z 
0 

Load/Resource Balance 599 696 767 615 626 638 551 474 450 433 423 404 409 374 348 212 192 239 293 83 x 
0, I 

0 ._, I 
w Ol 
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trl 

Study ID :8-APR-91 12:41:47 z 
0 

Study Title:High Gase Price Scenario - LOW LOADS x 
:; 

SYSTEM SUMMARY:Observed Loads and Resources (Avg MW),PARTY = Generating Publics I 
0, 

Operating Year 90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05 05-06 06-07 07-08 08-09 09-10 
----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----

Observed Loll.cl 4445 4398 4384 4371 4369 4372 4380 4384 4386 4384 4383 4386 4391 4403 4424 4445 4463 4481 4502 4526 
Observed Rate -1.05% -0.33% -0.30% -0.05% 0.07% 0.19% 0.09% 0.04% -0.04% -0.04% 0.07% 0.11% 0.29% 0.46% 0.47% 0.41% 0.40% 0.47% 0.55% 

Existing Resources 2445 2432 2450 2468 2451 2435 2434 2433 2411 2390 2394 2398 2381 2365 2372 2496 2559 2559 2559 2699 

BP A Requirements 2001 1966 1934 1903 1918 1937 1946 1854 1876 1895 1889 1889 1909 1936 1949 1851 1809 1826 1846 1736 

CONSERVATION PROGRAMS: 
Water Heat 1 0 0 0 0 2 6 10 15 20 25 30 37 43 48 54 59 62 63 64 64 
New Commercial 1 0 0 0 1 2 4 6 9 11 13 15 18 20 22 25 27 30 33 35 38 
Commercial R&R 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
New SF Res 1 0 0 0 0 1 1 2 2 3 3 3 4 4 5 5 6 6 7 7 8 
New MF Res 1 0 0 0 0 0 0 0 1 1 1 1 1 1 2 2 2 2 2 2 3 
New Manuf Housing 1 0 0 0 1 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
New Res Light 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Wtr Htr Heat Pumps 0 0 0 0 0 1 1 1 2 2 3 3 3 4 4 5 5 6 6 7 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Subtotal 0 0 0 2 6 14 22 32 42 50 59 71 80 91 101 111 118 125 129 136 

GENERA TING RESOURCES: 
Replacement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Subtotal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Total Firm Resources 4445 4399 4385 4373 4376 4387 4403 4318 4328 4334 4343 4357 4371 4393 4422 4459 4487 4510 4535 4570 I i Load/Resource Balance 0 0 1 2 7 15 23 -66 -58 -50 -40 -29 -19 -11 -1 14 24 29 33 44 
'Z 
vi 
--l 
n 
1;; 
(ll 

0 
C 

fl 
trl 
(ll 
n :r: 
trl 
0 
C 
r 
~ 
2l ,, 

:8 
--l :r: 
trl 

z ~ 0 
cl trl 
:r: ,, 

z :6 ::i trl 
(ll 

~ --l .,, 
0 ,, 
~ trl 

(ll 

0 ,, 
C .,, 
fl > trl z 
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z Study ID :8-APR-91 12:41:47 
m 

0 
:,, 

cl Study Title:High Gase Price Scenario - LOW LOADS ::: 
= z 
~ SYSTEM SUMMARY:Observed Loads and Resources (Avg MW),PARTY = REGION 

iii ..., 

"' n ..., 
..,, Operating Year 90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05 05-06 06-07 07-08 08-09 09-10 :,, 

0 ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ~ 

~ Observed Load 16299 16167 16094 16047 16045 16064 16098 16118 16125 16121 16122 16140 16162 16212 16290 16370 16445 16518 16603 16701 0 
C 

:,, Observed Rate -0.81 % -0.45% -0.30% -0.01 % 0.12% 0.21% 0.12% 0.05% -0.03% 0.01% 0.11% 0.14% 0.31% 0.48% 0.49% 0.46% 0.44% 0.51% 0.59% fl ..,, 
r DSI Firm Load 1982 1781 1579 1378 1176 974 973 972 971 848 725 602 479 479 479 479 479 479 479 479 m 
;,.. "' z Cl 

I Existing Resources 19300 19286 19239 19193 19150 19106 19071 19036 18849 18663 18611 18559 18449 18306 18276 18247 18263 18278 18304 18199 = 
< 

m 
0 

0 

~ CONSERVATION PROGRAMS: 
C 
r 

::: Water Heat 1 0 0 0 0 9 29 49 72 96 119 145 174 203 229 25-t 280 294 299 302 302 ~ 
m New Commercial 1 0 0 1 5 11 23 33 46 57 69 81 95 108 120 135 148 162 178 191 207 6 = Commercial R&R 1 0 4 9 13 17 21 26 30 34 39 42 47 51 56 60 65 68 72 77 81 :,, 

New SF Res 1 0 0 0 1 3 4 7 8 11 12 14 16 18 20 22 24 26 29 30 33 ..., 
New MF Res 1 0 0 0 0 1 1 3 4 5 5 6 6 8 9 10 10 11 11 13 14 = m 
New Manuf Housing 1 0 0 1 4 7 10 15 20 26 30 35 40 45 50 55 60 65 70 76 81 ;,.. 

New Res Light 1 0 0 0 0 2 2 3 4 5 5 7 7 8 10 10 12 12 13 14 15 ti 
Wtr Htr Heat Pumps 0 0 0 1 1 4 5 6 9 10 13 14 17 19 21 23 25 27 30 32 m 

BPA Contract Recall 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ 
Cons. Volt. Reg. 0 5 15 25 35 45 56 65 75 85 85 85 85 88 94 94 94 94 94 94 :=i 
Industrial 1 0 4 12 30 48 66 86 104 122 140 140 140 140 142 146 154 163 173 182 188 < 
Irrigation 1 0 0 2 4 5 7 9 11 12 14 14 14 14 14 15 16 17 18 19 20 

m 
:,, 

T&D Effie Impr 0 5 15 25 35 45 55 65 75 85 85 85 85 88 92 97 102 107 112 116 ~ 
Ind us trial 2 0 2 8 20 32 46 58 70 82 96 96 96 96 97 100 105 112 118 125 129 0 

Exist. Commercial 1 0 3 15 33 57 86 116 144 173 202 202 202 202 202 202 205 212 224 240 260 C 

MF Res Wee.th 0 3 8 14 22 28 35 41 48 55 55 55 55 55 55 55 55 55 55 55 fl m 
SF Res Weath 0 5 17 31 46 60 75 89 104 118 118 118 118 118 118 118 118 118 118 118 c3 
Ex. Res. Lighting-1 0 1 2 4 5 7 8 10 12 13 13 13 13 13 13 13 13 13 13 13 

High Cost Block 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 cl 
----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- 6 

Subtotal 0 32 105 210 336 484 639 789 946 1097 1151 1207 1266 1330 1402 1479 1549 1619 1691 1758 C 
0 
"' 

GENERA TING RESOURCES: 
Hydro Eff Imp 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 15 25 35 

Small Hydro 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 10 14 19 29 

Small Hydro 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

WNP 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Thermal Eff Imp 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Cogen 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

WNP 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Mun. Solid Waste 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Combined Cycle 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Combined Cycle 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Wind 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Geothermal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Small Hydro 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

E. Mont Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

E. Wash Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

E. Oregon Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

W. Wa/Or Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Nevada Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Cogen 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Wind 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Small Hydro 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Biomass 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Cogen 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Wind 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Cogen 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Replacement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ ..,, 
----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- m 

Subtotal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 15 29 44 64 z 
0 

Total Firm Resources 19300 19320 19347 19406 19488 19592 19707 19825 19792 19760 19762 19767 19712 19633 19678 19730 19828 19926 20038 20019 x 
0, I 

0 _, I 
V, 

Load/Resource Balance 1019 1372 1674 2267 2636 2735 2696 2791 2914 3024 3071 2941 2909 2881 2904 2930 2956 2839 t:O 
1982 2554 
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trl 

Study ID :5-APR-91 13:43:07 z 
0 

Study Title:High Gase Price Scenario - MEDIUM LOW LOADS ~ 
:; 

SYSTEM SUMMARY:Observed Loads and Resources (Avg MW),PARTY = BPA I 
0, 

Operating Year 90-91 91-92 92-93 93-94 94-96 96-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-06 05-06 06-07 07-08 08-09 09-10 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Observed Load 2983 2993 2988 3004 3036 3072 3111 3147 3182 3216 3249 3284 3320 3362 3412 3464 3514 3565 3616 3670 
Observed Rate 0.32% -0.18% 0.65% 1.08% 1.18% 1.27% 1.16% 1.10% 1.07% 1.02% 1.08% 1.10% 1.26% 1.49% 1.61% 1.45% 1.43% 1.46% 1.49% 
DSI Firm Load 2106 1973 1839 1705 1571 1437 1437 1436 1436 1436 1435 1435 1435 1434 1434 1434 1433 1433 1433 1433 

Existing Resources 7444 7462 7450 7438 7484 7530 7661 7792 7747 7703 7698 7692 7623 7553 7560 7566 7572 7577 7583 7577 

BP A Requirements -2191 -2243 -2303 -2128 -2178 -2233 -2278 -2202 -2258 -2313 -2343 -2376 -2429 -2492 -2645 -2488 -2489 -2550 -2612 -2543 

CONSERVATION PROGRAMS: 
Water Heat 1 0 0 0 0 2 7 13 19 25 31 38 46 54 61 68 75 79 81 82 83 
New Commercial 1 0 0 0 1 2 4 6 7 9 11 13 16 16 18 20 22 24 27 29 31 
Commercial R&R 1 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 
New SF Res 1 0 0 1 1 2 3 4 5 6 7 8 9 11 12 13 14 15 16 18 19 
New MF Res 1 0 0 0 0 0 0 1 1 1 1 2 2 2 2 2 3 3 3 3 3 
New Manuf Housing 1 0 0 1 1 2 4 6 7 9 10 12 14 16 17 19 21 22 24 26 27 
New Res Light 1 0 0 0 1 1 2 2 3 4 5 5 6 7 7 8 9 10 10 11 12 
Wtr Htr Heat Pumps 0 0 0 0 0 1 2 3 4 4 5 6 7 8 9 10 11 12 13 14 
BPA Contract Recall 0 0 0 0 0 0 0 0 0 0 97 196 292 292 292 292 292 292 292 292 
Cons. Volt. Reg. 0 2 6 10 14 18 23 27 31 35 35 35 36 35 35 35 35 35 35 35 
Industrial 1 0 2 6 15 24 33 43 62 61 70 70 70 70 70 70 70 70 70 70 70 
Irrigation 1 0 0 1 2 2 3 4 5 5 6 6 6 6 6 6 6 6 6 6 6 
T&D Effie Impr 0 3 8 13 18 23 28 34 39 44 44 44 44 44 44 44 44 44 44 44 
Industrial 2 0 1 4 10 16 23 29 36 41 48 48 48 48 48 48 48 48 48 48 48 
Exist. Commercial 1 0 1 5 11 19 29 39 48 68 68 68 68 68 68 68 68 68 68 68 68 0 

trl 
MF Res Weath 0 1 2 3 6 6 8 9 10 12 12 12 12 12 12 12 12 12 12 12 --l 

SF Res Weath 0 3 9 16 24 31 39 46 64 61 61 61 61 61 61 61 61 61 61 61 
trl 

Ex. Res. Lighting-I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ 
High Cost Block 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 z 

vi 
----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ..., 

Subtotal 0 15 47 90 139 197 258 316 373 431 544 669 773 787 803 820 832 843 864 863 1'i 

GENERA TING RESOURCES: ~ 
0 

Hydro Eff Imp 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 C: 
Small Hydro 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 fl 
Small Hydro 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 trl 

WNP 3 ·o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 "' n 
Thermal Eff Imp 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ::c: 

trl 
Cogen 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

WNP 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
C: 
r 

Mun. Solid Waste 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 trl 
"' Combined Cycle 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2l 

Combined Cycle 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 '" 
~ 

Wind 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
..., 
::c: 

Geothermal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 trl 

z Small Hydro 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ 0 E. Mont Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 cl E. Wash Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
trl 

::c: ~ 
~ 

E. Oregon Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
W. Wa/Or Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ 

--l Nevada Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ .,, 
Cogen 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ 

~ Wind 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

'" Small Hydro 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ .,, Biomass 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
C: 

~ 
0 fl 

Cogen 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 trl 
Wind 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .,, 

I 0 
< Cogen 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 cl 0 Replacement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 r 2l C: ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----::: Subtotal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 a trl 
:= "' 

Total Firm Resources 5252 5234 5194 5401 5448 6496 5638 5904 5861 6821 5899 5974 5966 5847 5818 6897 5915 5869 6823 5895 

Load/Resource Balance 163 269 367 693 840 986 1090 1320 1243 1169 1214 1254 1209 1051 972 1000 967 871 774 792 
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z Study ID :5-APR-91 13:43:07 
tT1 

0 
;x, 

q Study Title:High Gase Price Scenario - MEDIUM LOW LOADS 3:: 

:i:: 
z 

~ SYSTEM SUMMARY:Observed Loads and Resources (Avg MW),PARTY = IOUs 
tii .., 

~ n .., 
Operating Year 91-92 92-93 95-96 96-97 97-98 99-00 00-01 01-02 02-03 03-04 04-05 05-06 06-07 07-08 08-09 09-10 m .,, 90-91 93-94 94-95 98-99 

0 ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
~ 

0 
Observed Load 9075 9108 9161 9219 9283 9356 9441 9513 9582 9648 9713 9786 9863 9962 10084 10210 10333 10459 10583 10715 c:: 

;x, Observed Rate 0.37% 0.58% 0.64% 0.70% 0.78% 0.91% 0.77% 0.72% 0.69% 0.68% 0.75% 0.78% 1.00% 1.22% 1.25% 1.21% 1.22% 1.19% 1.24% ~ 
-0 

> tT1 

Existing Resources 9411 9392 9340 9287 9214 9141 8976 8811 8691 8571 8520 8469 8445 8388 8344 8184 8132 8142 8161 7923 
V, 

z (") 

I 
:i:: 

d 
tT1 

BP A Requirements 107 138 188 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
t"' 

c:: 
c:: t"' 

3:: CONSERVATION PROGRAMS: ~ 
tT1 Water Heat 1 0 0 0 0 6 18 32 47 62 78 94 112 130 148 166 183 194 198 201 203 2l = New Commercial 1 0 1 2 6 13 24 34 45 56 68 79 91 104 116 129 142 155 168 182 197 ;x, 

Commercial R&R 1 0 4 8 12 16 20 23 27 31 35 39 43 47 51 55 59 63 66 70 74 .., 
New SF Res 1 0 0 1 2 3 5 7 9 11 13 15 17 19 22 24 26 28 30 32 35 :i:: 

tT1 

New MF Res 1 0 0 0 1 1 1 2 3 3 4 5 5 6 7 7 8 9 9 10 10 > 
New Manuf Housing 1 0 1 2 3 6 10 14 18 23 28 32 37 42 46 51 56 60 64 68 73 !:i 
New Res Light 1 0 0 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 tT1 

;x, 
Wtr Htr Heat Pumps 0 0 1 2 3 4 6 8 10 12 14 16 19 21 23 25 27 29 31 34 z 
Cons. Volt. Reg. 0 3 9 15 21 27 33 38 44 50 56 59 59 59 59 59 59 59 59 59 ~ 
Industrial 1 0 2 6 15 24 33 43 52 61 70 79 88 98 107 116 126 135 143 147 148 ~ 
Irrigation 1 0 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 1;l 
T&D Effie Impr 0 2 7 12 17 22 27 31 36 41 46 51 56 60 65 70 75 80 84 89 V, 

Industrial 2 0 1 4 10 16 23 29 35 41 48 54 60 67 73 80 86 92 95 95 95 0 c:: 
Exist. Commercial 1 0 2 10 22 38 57 77 96 115 134 153 172 191 210 229 249 268 287 306 325 ~ 
MF Res Weath 0 2 6 11 17 22 27 32 38 43 44 44 44 44 44 44 44 44 44 44 tT1 
SF Res Weath 0 2 8 15 22 29 36 43 50 57 59 59 59 59 59 59 59 59 59 59 -0 

Ex. Res. Lighting-I 0 1 2 4 5 7 8 10 12 13 13 13 14 14 15 15 15 15 15 15 0 
q 

High Cost Block 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 'TI 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- 0 
C: 

Subtotal 0 21 67 133 213 309 407 505 606 709 799 886 976 1060 1147 1233 1312 1377 1436 1495 0 
V, 

GENERA TING RESOURCES: 
Hydro Eff Imp 0 0 0 0 5 15 25 35 35 35 35 35 35 35 35 35 35 35 35 35 
Small Hydro 1 0 0 0 0 0 0 5 19 33 43 52 62 71 76 76 76 76 76 76 76 
Small Hydro 2 0 0 0 0 0 0 7 18 29 40 47 54 62 69 76 83 87 87 87 87 
Thermal Eff Imp 0 0 0 0 0 0 0 44 50 50 50 50 50 50 50 50 50 50 50 50 
Cogen 1 0 0 0 0 0 0 0 0 120 240 240 260 320 360 420 420 420 420 420 420 
Mun. Solid Waste 0 0 0 0 0 0 0 0 0 0 0 8 8 15 15 15 15 15 23 23 
Combined Cycle 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 357 357 357 357 
Combined Cycle 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 357 
Wind 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Geothermal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Small Hydro 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
E. Mont Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
E. Wash Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
E. Oregon Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
W. Wa/Or Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nevada Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cogen 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Wind 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Small Hydro 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Biomass 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cogen 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Wind 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cogen 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Replacement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Subtotal 0 0 0 0 5 15 37 116 267 408 424 469 546 605 672 679 1040 1040 1048 1405 ?; .,, 

tT1 

Total Firm Resources 9519 9551 9595 9420 9432 9463 9418 9432 9565 9687 9746 9827 9965 10055 10164 10098 10484 10561 10649 10823 z 
0 x 

Load/Resource Balance 444 443 434 201 149 108 -23 -81 -17 39 32 41 102 93 81 -112 151 103 65 108 0 
::'.j I 1 
__, to 
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Study ID :5-APR-91 13:43:07 z 
Study Title:High Gase Price Scenario - MEDIUM LOW LOADS 

0 
;;;: 
0 

SYSTEM SUMMARY:Observed Loads and Resources (Avg MW),PARTY = Generating Publics I 
0, 

Operating Year 90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05 05-06 06-07 07-08 08-09 09-10 

----- ----- ----- ----- ----- ----- ----- ----- ----- ---- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Observed Load 4529 4537 4565 4596 4630 4668 4712 4751 4788 4824 4860 4899 4938 4989 5051 5115 5179 5243 5308 5376 

Observed Rate 0.18% 0.61% 0.67% 0.74% 0.82% 0.95% 0.82% 0.79% 0.75% 0.74% 0.80% 0.80% 1.02% 1.25% 1.27% 1.24% 1.25% 1.23% 1.28% 

Existing Resources 2445 2432 2450 2468 2451 2435 2434 2433 2411 2390 2394 2398 2381 2365 2372 2496 2559 2559 2559 2699 

BP A Requirements 2084 2105 2115 2128 2178 2233 2278 2202 2258 2313 2343 2376 2429 2492 2545 2488 2489 2550 2612 2543 

CONSERVATION PROGRAMS: 
Water Heat 1 0 0 0 0 2 7 12 17 23 29 35 42 49 56 63 69 73 75 76 76 

New Commercial 1 0 0 1 2 4 7 9 12 15 18 21 24 27 31 34 37 41 44 48 52 

Commercial R&R 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

New SF Res 1 0 0 0 1 2 3 8 5 6 7 8 9 10 11 12 13 14 15 16 17 

New MF Res 1 0 0 0 0 0 0 1 1 1 1 1 2 2 2 2 2 3 3 8 3 

New Manuf Housing 1 0 0 1 1 2 3 5 6 8 10 11 13 14 16 18 19 21 22 24 25 

New Res Light 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Wtr Htr Heat Pumps 0 0 0 0 0 1 2 2 3 4 5 6 7 8 8 9 10 11 12 13 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Subtotal 0 0 2 4 10 21 32 43 56 69 81 96 109 124 137 149 162 170 179 186 

GENERA TING RESOURCES: 
Replacement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Subtotal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Total Firm Resources 4529 4538 4567 4600 4640 4689 4744 4679 4725 4771 4818 4869 4920 4981 5054 5185 5209 5279 5349 5428 I I Load/Resource Balance 0 1 2 4 11 21 32 -72 -68 -53 -42 -29 -18 -8 3 20 31 36 41 52 
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tT1 - .., 

z Study ID :6-APR-91 13:43:07 tT1 

0 Study Title:High Gase Price Scenario - MEDIUM LOW LOADS ~ i:l z 
:i:: 

~ SYSTEM SUMMARY:Observed Loads and Resources (Avg MW),PARTY = REGION ~ 
(I) n .., 

Operating Year 90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05 05-06 06-07 07-08 08-09 09-10 ;,, ..,, rn 0 ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
:,! Observed Load 16587 16638 16713 16819 16949 17096 17264 17412 17552 17688 17822 17969 18121 18312 18547 18789 19026 19267 19608 19760 0 
tT1 

0.31% 0.46% 0.63% 0.78% 0.87% 0.98% 0.85% 0.81% 0.77% 0.76% 0.83% 0.85% 1.06% 1.28% 1.31% 1.26% 1.27% 1.25% 1.30% 
C: 

;,, Observed Rate f5 ..,, 
DSI Firm Load 2106 1973 1839 1706 1571 1437 1437 1436 1436 1436 1436 1435 1436 1434 1434 1434 1433 1433 1433 1433 tT1 

~ (I) 
(l 

I Existing Resources 19300 19286 19239 19193 19150 19106 19071 19036 18849 18663 18611 18559 18449 18306 18276 18247 18263 18278 18304 18199 :i:: 

< 
tT1 
0 

0 CONSERVATION PROGRAMS: C: 
r r 
C: Water Heat 1 0 0 0 0 10 32 57 83 110 138 167 200 233 265 297 327 346 354 359 362 rn ::: 
tTl New Commercial 1 0 1 3 9 19 35 49 64 80 97 113 130 147 165 183 201 220 239 259 280 2l = Commercial R&R 1 0 6 12 18 24 30 35 41 47 53 59 65 71 77 83 89 95 100 106 112 ;,, 

New SF Res 1 0 0 2 4 7 11 14 19 23 27 31 35 40 45 49 53 57 61 66 71 .., 
New MF Res 1 0 0 0 1 1 1 4 5 6 6 8 9 10 11 11 13 15 15 16 16 :i:: 

tT1 
New Manuf Housing 1 0 1 4 5 10 17 24 31 40 48 66 64 72 79 88 95 103 110 118 126 :,, 
New Res Light 1 0 0 0 2 3 6 6 8 10 12 13 16 17 18 20 22 24 25 27 29 Ci 
Wtr Htr Heat Pumps 0 0 1 2 3 6 10 13 17 20 24 28 33 37 40 44 48 52 56 61 tT1 

;,, 
BP A Contract Recall 0 0 0 0 0 0 0 0 0 0 97 196 292 292 292 292 292 292 292 292 z 
Cons. Volt. Reg. 0 6 15 26 36 46 56 66 75 86 91 94 94 94 94 94 94 94 94 94 ~ 
Industrial 1 0 4 12 30 48 66 86 104 122 140 149 168 168 177 186 196 206 213 217 218 < 
Irrigation 1 0 0 2 4 5 7 9 11 12 14 16 16 17 18 19 20 21 22 23 24 tT1 

;,, 
T&D Effie lmpr 0 5 15 25 35 46 55 65 75 85 90 95 100 104 109 114 119 124 128 133 tT1 

(I) 

Industrial 2 0 2 8 20 32 46 58 70 82 96 102 108 115 121 128 134 140 143 143 143 0 
Exist. Commercial 1 0 3 15 33 57 86 116 144 173 202 221 240 259 278 297 317 336 355 374 393 C: 

MF Res Weath 0 3 8 14 22 28 35 41 48 66 56 56 56 56 66 56 66 66 56 66 f5 
SF Res Weath 0 6 17 31 46 60 75 89 104 118 120 120 120 120 120 120 120 120 120 120 

tT1 ..,, 
Ex. Res. Lighting-1 0 1 2 4 6 7 8 10 12 13 13 13 14 14 16 16 16 16 16 16 0 

High Cost Block 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 i:l 
----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- 2l 

Subtotal 0 36 116 227 362 527 697 863 1036 1209 1424 1641 1868 1971 2087 2202 2306 2390 2469 2644 C 
0 
(I) 

GENERA TING RESOURCES: 
Hydro Eff Imp 0 0 0 0 6 15 26 36 35 35 36 36 35 36 36 36 36 36 36 36 
Small Hydro 1 0 0 0 0 0 0 6 19 33 43 52 62 71 76 76 76 76 76 76 76 
Small Hydro 2 0 0 0 0 0 0 7 18 29 40 47 64 62 69 76 83 87 87 87 87 
WNP 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Thermal Eff Imp 0 0 0 0 0 0 0 44 50 60 60 60 60 60 60 50 50 60 60 60 
Cogen 1 0 0 0 0 0 0 0 0 120 240 240 260 320 360 420 420 420 420 420 420 
WNP 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Mun. Solid Waste 0 0 0 0 0 0 0 0 0 0 0 8 8 16 16 16 16 16 23 23 
Combined Cycle 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 367 357 357 367 
Combined Cycle 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 367 
Wind 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Geothermal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Small Hydro 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
E. Mont Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
E. Wash Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
E. Oregon Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
W. Wa/Or Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nevada Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cogen 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Wind 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Small Hydro 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Biomass 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cogen 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Wind 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cogen 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Replacement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 :,, ..,, ..,, ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- tTl 
Subtotal 0 0 0 0 6 16 37 116 267 408 424 469 646 606 672 679 1040 1040 1048 1406 z 

0 

Total Firm Resources 19301 19323 19365 19421 19620 19648 19800 20015 20161 20278 20462 20670 20849 20883 21036 21130 21608 21709 21821 22146 
x 

"' I 
:; 

;z I 

Load/Resource Balance 607 713 803 898 1000 1115 1100 1167 1163 1154 1204 1266 1293 1136 1066 908 1149 1009 880 963 co 



~ I I ~ .,, 
tTl 

Study ID :8-APR-91 12:41:01 

I 
z 
0 

Study Title:High Gase Price Scenario - MEDIUM LOADS x 
SYSTEM SUMMARY:Observed Loads and Resources (Avg MW),PARTY = BPA 

0 
I 
tJl 

Operating Year 90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05 05-06 06-07 07-08 08-09 09-10 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Observed Load 3028 3063 3082 3117 3160 3207 3261 3313 3365 3415 3464 3514 3566 3623 3689 3759 3829 3899 3969 4041 

Observed Rate 1.16% 0.63% 1.12% 1.39% 1.51% 1.68% 1.60% 1.56% 1.48% 1.42% 1.46% 1.46% 1.62% 1.82% 1.88% 1.87% 1.83% 1.80% 1.80% 

DSI Firm Load 2184 2154 2123 2093 2063 2032 2002 2002 2002 2002 2002 2002 2002 2002 2002 2002 2002 2002 2002 2002 

Existing Resources 7444 7462 7450 7438 7484 7530 7661 7792 7747 7703 7698 7692 7623 7553 7560 7566 7572 7577 7583 7577 

BP A Requirements -2273 -2384 -2489 -2347 -2426 -2510 -2584 -2522 -2606 -2687 -2740 -2795 -2874 -2964 -3043 -3015 -3045 -3135 -3223 -3179 

CONSER¥ A TION PROGRAMS: 
Water Heat 1 0 0 0 0 3 8 14 20 26 33 40 48 56 64 71 79 84 86 87 88 

New Commercial 1 0 0 1 1 3 5 7 10 12 14 16 19 21 24 27 29 32 34 37 40 

Commercial R&R 1 0 2 5 7 10 12 15 17 19 22 24 27 29 32 34 36 39 41 44 46 

New SF Res 1 0 0 1 1 3 4 5 7 8 10 11 13 14 16 17 19 20 22 23 25 

New MF Res 1 0 0 0 0 0 1 1 1 1 1 2 2 2 2 2 3 3 3 3 3 

New Manuf Housing 1 0 0 1 2 3 4 6 8 10 12 13 15 17 19 21 23 24 26 28 30 

New Res Light 1 0 0 0 1 2 2 3 4 5 6 6 7 8 9 10 11 11 12 13 14 

Wtr Htr Heat Pumps 0 0 0 0 1 1 2 3 4 6 7 8 9 10 11 12 14 15 16 17 

BP A Contract Recall 0 0 0 0 0 0 97 195 292 292 292 292 292 292 292 292 292 292 292 292 

Cons. Volt. Reg. 0 2 6 10 14 18 23 27 31 35 39 41 41 41 41 41 41 41 41 41 

Industrial 1 0 2 6 15 24 33 43 52 61 70 79 88 98 107 116 126 135 144 152 155 

Irrigation 1 0 0 1 2 2 3 4 5 5 6 7 7 8 9 9 10 11 11 12 13 

T&D Effie lmpr 0 3 8 13 18 23 28 34 39 44 49 54 59 64 70 75 80 85 90 96 

Industrial 2 0 1 4 10 16 23 29 35 41 48 54 60 67 73 80 86 93 99 104 107 

Exist. Commercial 1 0 1 5 11 19 29 39 48 58 68 78 87 97 106 116 126 135 145 155 164 0 
tTl 

MF Res Weath 0 1 2 3 5 6 8 9 10 12 13 13 13 13 13 13 13 13 13 13 ..., 
SF Res Weath 0 3 9 16 24 31 39 46 54 61 64 64 64 64 64 64 64 64 64 64 

tTl 
:,, 

Ex. Res. Lighting-1 0 0 0 0 0 0 0 0 0 0 0 1 2 4 5 6 8 9 10 11 3: 

High Cost Block 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 z 
iii 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ..., 
Subtotal 0 15 49 92 147 203 363 521 676 740 794 846 897 949 999 1051 1099 1142 1184 1219 n 

:,, 

GENERA TING RESOURCES: 
f;l 
0 

Hydro Eff Imp 0 0 0 0 0 0 0 0 15 30 45 45 60 75 75 75 75 75 75 75 C: 

Small Hydro 1 0 0 0 0 0 0 0 0 0 0 0 0 0 5 10 14 14 14 14 14 ~ 
Small Hydro 2 0 0 0 0 0 0 0 0 0 7 11 11 11 14 18 18 18 18 18 18 tTl 

WNP 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 868 868 868 
C/l 
("J 

Thermal Eff Imp 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 :i:: 
tTl 

Cogen 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

WNP 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 C: 
r 

Mun. Solid Waste 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 rn 
Combined Cycle 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 d 
Combined Cycle 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 :,, 

:8 Wind 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ..., 

- Geothermal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
:i:: 
tTl 

z Small Hydro 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 :,,. 
0 
:::l E. Mont Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Ci 

E. Wash Coal Gas 
tTl 

:i:: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 :,, 

~ E. Oregon Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 z 
C/l W. Wa/Or Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ ..., < .,, Nevada Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 Cogen 2 0 0 0 0 

tTl 

:8 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6i 

tTl Wind 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 C/l 
:,, Small Hydro 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .,, C: 

~ 
Biomass 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ 
Cogen 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 tTl 

I Wind 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .,, 
< Cogen 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 
0 :::l r Replacement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
C: d 
3: ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
tTl Subtotal 0 0 0 0 0 0 0 0 15 37 56 56 71 94 103 107 107 975 975 975 

C 
0 

= (ll 

Total Firm Resources 5171 5094 5009 5185 5205 5225 5438 5788 5833 5791 5808 5800 5717 5631 5619 5709 5732 6561 6520 6591 

Load/Resource Ba.lance -41 -123 -196 -25 -18 -15 175 473 466 374 343 284 150 6 -72 -52 -99 660 549 548 
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z Study ID :8-APR-91 12:41:01 m 
0 " cl Study Title:High Gase Price Scenario - MEDIUM LOADS ,:: 
::i: z 
~ SYSTEM SUMMARY:Observed Loads and Resources (Avg MW),PARTY = IOUs ul 

::j 
u, (l .., 

Operating Year 90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05 05-06 06-07 07-08 08-09 09-10 " cl ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- 8l 
:8 Observed Load 9222 9357 9496 9618 9731 9856 9995 10127 10253 10372 10488 10609 10738 10891 11067 11253 11438 11624 11806 11990 0 
m 

1.46% 1.49% 1.28% 1.18% 1.28% 1.41% 1.32% 1.25% 1.16% 1.12% 1.16% 1.22% 1.42% 1.61% 1.68% 1.64% 1.63% 1.56% 1.56% 
C: 

" Observed Rate fl .,, 
t"" m 

~ Existing Resources 9411 9392 9340 9287 9214 9141 8976 8811 8691 8571 8520 8469 8445 8388 8344 8184 8132 8142 8161 7923 (/) 
() 

I §i 
< BP A Requirements 107 138 188 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 c:, 
0 
t"" 

C: 
C: CONSERVATION PROGRAMS: 

t"" 

a:: 8l 
m Water Heat 1 0 0 0 0 6 19 34 50 66 82 99 117 136 155 174 193 206 210 214 215 6 = New Commercial 1 0 1 4 8 17 31 44 58 73 88 103 119 135 151 168 184 201 218 236 254 

" Commercial R&R 1 0 5 10 14 19 24 29 34 38 43 48 53 57 62 67 72 77 81 86 91 ..., 
New SF Res 1 0 0 1 2 4 7 9 12 15 17 20 23 26 29 32 35 37 40 43 46 §i 
New MF Res 1 0 0 0 1 1 2 2 3 4 4 5 5 6 7 7 8 9 9 10 10 > 
New Manuf Housing 1 0 1 2 4 7 12 16 21 26 31 36 41 45 50 55 60 65 70 74 79 c; 
New Res Light 1 0 0 1 1 2 3 4 6 7 8 9 10 12 13 14 15 16 18 19 20 tri 
Wtr Htr Heat Pumps 0 0 1 2 4 6 8 10 13 15 18 21 23 26 29 31 34 36 39 42 ~ 
Cons. Volt. Reg. 0 3 9 15 21 27 33 38 44 50 56 59 59 59 59 59 59 59 59 59 ~ 
Industrial 1 0 2 6 15 24 33 43 52 61 70 79 88 98 107 116 126 135 144 152 155 < 
Irrigation 1 0 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 m 

T&D Effie lmpr 0 2 7 12 17 22 27 31 36 41 46 51 56 60 65 70 75 80 84 89 F.i 
Industrial 2 0 1 • 10 16 23 29 35 41 48 54 60 67 73 80 86 93 99 104 107 "' 0 
Exist. Commercial 1 0 2 10 22 38 57 77 96 115 134 153 172 191 210 229 249 268 287 306 325 C: 

MF Res Weath 0 2 6 11 17 22 27 32 38 43 44 44 44 44 44 44 44 44 44 44 fl 
SF Res Weath 0 2 8 15 22 29 36 43 50 57 59 59 59 59 59 59 59 59 59 59 m .,, 
Ex. Res. Lighting-1 0 1 2 4 5 7 8 10 12 13 14 15 15 15 15 15 15 15 15 15 0 

High Cost Block 0 0 0 0 0 0 0 0 0 0 0 3 12 24 36 48 60 72 84 96 cl 
----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- 6 

Subtotal 0 22 72 138 223 328 431 537 646 752 852 950 1052 1156 1262 1368 1468 1557 1645 1724 C 
0 
(/) 

GENERA TING RESOURCES: 
Hydro Eff Imp 0 0 0 5 15 25 35 35 35 35 35 35 35 35 35 35 35 35 35 35 
Small Hydro 1 0 0 0 0 0 0 14 29 43 52 52 62 71 76 76 76 76 76 76 76 
Small Hydro 2 0 0 0 0 0 0 11 22 33 43 43 43 43 51 58 65 72 80 83 83 
Thermal Eff Imp 0 0 0 0 0 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 
Cogen 1 0 0 0 0 0 80 240 240 380 380 380 380 400 420 420 420 420 420 420 420 
Mun. Solid Waste 0 0 0 0 0 0 0 0 0 8 8 8 8 15 15 15 15 23 23 30 
Combined Cycle 1 0 0 0 0 0 0 0 357 357 357 357 357 357 357 357 357 357 357 357 357 
Combined Cycle 2 0 0 0 0 0 0 0 0 0 357 357 357 357 357 357 357 357 357 357 357 
Wind 1 0 0 0 0 0 0 0 0 0 0 0 0 6 17 29 29 29 29 29 29 
Geothermal 0 0 0 0 0 0 0 0 0 0 0 0 0 35 105 105 175 245 280 280 
Small Hydro 3 0 0 0 0 0 0 0 0 0 0 0 15 26 33 37 52 59 70 81 92 
E. Mont Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 298 298 298 298 597 
E. Wash Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
E. Oregon Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
W. Wa/Or Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nevada Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cogen 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 24 
Wind 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Small Hydro 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Biomass 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cogen 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Wind 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cogen 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Replacement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Subtotal 0 0 0 5 15 155 350 733 898 1282 1282 1307 1353 1446 1539 1859 1943 2040 2097 2430 > .,, .,, 
Total Firm Resources 9519 9553 9599 9432 9454 9622 9756 10080 10233 10606 10656 10727 10851 10993 11147 11413 

m 
11544 11741 11906 12080 z c:, 

Load/Resource Balance 297 196 102 -186 -277 -234 -239 -47 -21 234 168 118 112 101 80 161 106 117 100 91 x 
Co I 

0 
Co I - "' 
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Study ID :8-APR-91 12:41:01 

I 
z 
0 

Study Title:High Gase Price Scenario - MEDIUM LOADS x 
:; 

SYSTEM SUMMARY:Observed Loads and Resources (Avg MW),PARTY = Generating Publics I 
0, 

Operating Year 90-91 91-92 92-93 93-94 94-96 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-06 06-06 06-07 07-08 08-09 09-10 
----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----

Observed Load 4611 4678 4761 4816 4877 4946 5018 6088 5165 6218 5277 5340 5406 6485 5575 5670 5764 5859 6951 6045 
Observed Rate 1.46% 1.55% 1.35% 1.29% 1.39% 1.48% 1.39% 1.31% 1.22% 1.14% 1.18% 1.24% 1.45% 1.64% 1.71% 1.66% 1.64% 1.58% 1.58% 

Existing Resources 2445 2432 2460 2468 2451 2435 2434 2433 2411 2390 2394 2398 2381 2365 2372 2496 2559 2559 2559 2699 

BP A Requirements 2166 2246 2301 2347 2426 2510 2584 2622 2606 2687 2740 2795 2874 2964 3043 3016 3045 3135 3223 3179 

CONSERVATION PROGRAMS: 
Water Heat 1 0 0 0 0 2 7 13 18 24 30 37 44 52 59 66 73 77 79 80 81 
New Commercial 1 0 0 1 2 5 9 12 16 20 24 27 31 36 40 44 49 53 57 62 67 
Commercial R&R 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
New SF Res 1 0 0 1 1 2 4 5 6 8 9 10 12 13 15 16 17 19 20 22 23 
New MF Res 1 0 0 0 0 0 0 1 1 1 1 1 2 2 2 2 2 3 3 3 3 
New Manuf Housing 1 0 0 1 2 3 4 6 7 9 11 12 14 16 17 19 21 23 24 26 27 
New Res Light 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Wtr Htr Heat Pumps 0 0 0 0 1 1 2 3 4 5 6 7 8 9 10 11 13 14 15 16 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Subtotal 0 0 3 5 13 26 39 51 66 80 93 110 127 142 157 173 188 197 208 217 

GENERA TING RESOURCES: 
Replacement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Subtotal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

I 
0 
tT1 

Total Firm Resources 4611 4679 4764 4821 4890 4970 6066 5007 6083 6156 5228 5303 5381 6471 5573 5686 5791 6891 5989 6095 .., 
tT1 

"' Load/Resource Balance 0 1 3 6 13 25 38 -81 -72 -62 -49 -36 -25 -14 -2 16 26 32 38 50 s:: z 
ti, .., 
n 
Gl 
"' 0 
C: 

f'5 
tT1 
u, 
(') 
::i:: 
tT1 
0 
C: 
r 
8l 
~ 
"' $ 
.., 
::i:: - tT1 

z > 0 t:; cl tT1 
::i:: ~ 
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tTl 

~ -I 
z Study ID :8-APR-91 12:41:01 tTl 

0 ~ cl Study Title:High Gase Price Scenario - MEDIUM LOADS 
::i:: z 
~ SYSTEM SUMMARY:Observed Loads and Resources (Avg MW),PARTY = REGION vi 

-I 
t'i 

-I Operating Year 90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05 05-06 06-07 07-08 08-09 09-10 :,:, .,, 
0 ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ~ 
~ Observed Load 16861 17098 17329 17550 17768 18008 18274 18529 18773 19005 19229 19463 19710 19999 20332 20682 21031 21382 21726 22076 0 

c:: 
:,:, Observed Rate 1.41% 1.35% 1.27% 1.25% 1.35% 1.48% 1.39% 1.32% 1.23% 1.18% 1.22% 1.27% 1.47% 1.66% 1.72% 1.69% 1.67% 1.61% 1.61% i!\ .,, 

DSI Firm Load 2184 2154 2123 2093 2063 2032 2002 2002 2002 2002 2002 2002 2002 2002 2002 2002 2002 2002 2002 2002 s: tTl 
(/) 

z () 

I Existing Resources 19300 19286 19239 19193 19150 19106 19071 19036 18849 18663 18611 18559 18449 18306 18276 18247 18263 18278 18304 18199 ::i:: 

< tTl 

0 
u 

r CONSERVATION PROGRAMS: c:: 
c:: r 
s: Water Heat 1 0 0 0 0 11 84 61 88 116 145 176 209 244 278 311 345 367 375 381 384 ~ 
tTl New Commercial 1 0 1 6 11 25 45 63 84 105 126 146 169 192 215 239 262 286 309 335 361 6 = Commercial R&R 1 0 7 15 21 29 36 44 51 57 65 72 80 86 94 101 108 116 122 130 137 :,:, 

New SF Res 1 0 0 3 4 9 15 19 25 31 36 41 48 53 60 65 71 76 82 88 94 -I 

New MF Res 1 0 0 0 1 1 3 4 5 6 6 8 9 10 11 11 13 15 15 16 16 ::i:: 
tTl 

New Manuf Housing 1 0 1 4 8 13 20 28 36 45 54 61 70 78 86 95 104 112 120 128 136 :,. 
New Res Light 1 0 0 1 2 4 5 7 10 12 14 15 17 20 22 24 26 27 30 32 34 Ci 
Wtr Htr Heat Pumps 0 0 1 2 6 8 12 16 21 26 31 36 40 45 50 54 61 65 70 75 tTl 

:,:, 
BP A Contract Recall 0 0 0 0 0 0 97 195 292 292 292 292 292 292 292 292 292 292 292 292 z 
Cons. V alt. Reg. 0 5 15 25 35 45 56 65 75 85 95 100 100 100 100 100 100 100 100 100 ::; 
Industrial 1 0 4 12 30 48 66 86 104 122 140 158 176 196 214 232 252 270 288 304 310 ~ 
Irrigation 1 0 0 2 4 5 7 9 11 12 14 16 17 19 21 22 24 26 27 29 31 

ffi T&D Effie lmpr 0 5 15 25 35 45 55 65 75 85 95 105 115 124 135 145 155 165 174 185 
Industrial 2 0 2 8 20 32 46 58 70 82 96 108 120 134 146 160 172 186 198 208 214 0 
Exist. Commercial 1 0 3 15 33 57 86 116 144 173 202 231 259 288 316 345 375 403 432 461 489 c:: 

MF Res Weath 0 3 8 14 22 28 35 41 48 55 57 57 57 57 57 57 57 57 57 57 i!\ 
tTl 

SF Res Weath 0 5 17 31 46 60 75 89 104 118 123 123 123 123 123 123 123 123 123 123 6 Ex. Res. Lighting-1 0 1 2 4 5 7 8 10 12 13 14 16 17 19 20 21 23 24 25 26 
High Cost Block 0 0 0 0 0 0 0 0 0 0 0 3 12 24 36 48 60 72 84 96 cl 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- 6 
Subtotal 0 37 124 235 383 556 833 1109 1388 1572 1739 1906 2076 2247 2418 2592 2755 2896 3037 3160 5 

(/) 

GENERA TING RESOURCES: 
Hydro Eff Imp 0 0 0 5 15 25 35 35 50 65 80 80 95 110 110 110 110 110 110 110 
Small Hydro 1 0 0 0 0 0 0 14 29 43 52 52 62 71 81 86 90 90 90 90 90 
Small Hydro 2 0 0 0 0 0 0 11 22 33 50 54 54 54 65 76 83 90 98 101 101 
WNP 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 868 868 868 
Thermal Eff Imp 0 0 0 0 0 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 
Cogen 1 0 0 0 0 0 80 240 240 380 380 380 380 400 420 420 420 420 420 420 420 
WNP 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Mun. Solid Waste 0 0 0 0 0 0 0 0 0 8 8 8 8 15 15 15 15 23 23 30 
Combined Cycle 1 0 0 0 0 0 0 0 357 357 357 357 357 357 357 357 357 357 357 357 357 
Combined Cycle 2 0 0 0 0 0 0 0 0 0 357 357 357 357 357 357 357 357 357 357 357 
Wind 1 0 0 0 0 0 0 0 0 0 0 0 0 6 17 29 29 29 29 29 29 
Geothermal 0 0 0 0 0 0 0 0 0 0 0 0 0 35 105 105 175 245 280 280 
Small Hydro 3 0 0 0 0 0 0 0 0 0 0 0 15 26 33 37 52 59 70 81 92 
E. Mont Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 298 298 298 298 597 
E. Wash Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
E. Oregon Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
W. Wa/Or Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nevada Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cogen 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 24 
Wind 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Small Hydro 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Biomass 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cogen 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Wind 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cogen 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Replacement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

:,. .,, .,, 
----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- tTl 

Subtotal 0 0 0 5 15 155 350 733 913 1319 1338 1363 1424 1540 1642 1966 2050 3015 3072 3405 z 
u 

Total Firm Resources 19301 19326 19362 19437 19549 19817 20250 20875 21149 21553 21692 21831 21949 22095 22339 22807 23067 24192 24415 24767 
x 

"' I 
0 

"' 
I 

"' Load/Resource Balance 256 74 -91 -205 -282 -223 -26 345 374 546 462 366 237 94 6 124 34 809 687 688 
t,:, 
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m 

Study ID :5-APR-91 13:42:37 z 
0 

Study Title:High Gase Price Scenario - MEDIUM HIGH LOADS x 
:; 

SYSTEM SUMMARY:Observed Loads and Resources (Avg MW),PARTY = BPA I 
Cl 

Operating Year 90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05 05-06 06-07 07-08 08-09 09-10 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Observed Load 3080 3141 3175 3229 3298 3370 3443 3514 3582 3647 3715 3787 3858 3935 4020 4107 4191 4276 4367 4456 

Observed Rate 1.98% 1.09% 1.68% 2.14% 2.18% 2.18% 2.05% 1.93% 1.83% 1.85% 1.95% 1.87% 2.00% 2.15% 2.17% 2.04% 2.03% 2.12% 2.04% 

DSI Firm Load 2282 2230 2237 2244 2228 2212 2211 2211 2211 2210 2197 2183 2170 2170 2170 2170 2170 2170 2170 2170 

Existing Resources 7444 7462 7450 7438 7484 7530 7661 7792 7747 7703 7698 7692 7623 7553 7560 7566 7572 7577 7583 7577 

BP A Requirements -2367 -2536 -2673 -2571 -2693 -2817 -2927 -2880 -2999 -3113 -3192 -3278 -3389 -3511 -3621 -3622 -3675 -3790 -3912 -3897 

CONSERVATION PROGRAMS: 
Water Heat 1 0 0 0 0 3 9 15 21 28 34 42 50 59 67 75 83 89 91 92 93 

New Commercial 1 0 0 1 2 4 7 9 12 15 18 21 24 27 30 34 37 40 44 47 51 

Commercial R&R 1 0 3 5 8 11 13 16 19 22 24 27 30 32 35 38 40 43 46 49 51 

New SF Res 1 0 0 1 2 4 5 7 9 11 13 15 17 19 21 24 26 28 30 32 34 

New MF Res 1 0 0 0 0 0 1 1 1 1 1 2 2 2 2 2 3 3 3 3 3 

New Manuf Housing 1 0 0 1 2 3 5 7 8 10 12 14 16 18 20 22 24 26 28 30 32 

New Res Light 1 0 0 0 1 2 3 4 5 5 6 7 8 9 10 11 12 13 14 15 16 
Wtr Htr Heat Pumps 0 0 0 0 1 2 3 4 6 7 8 10 11 13 14 16 17 18 20 21 
BP A Contract Recall 64 128 192 242 242 242 242 292 292 292 292 292 292 292 292 292 292 292 292 292 

Cons. Volt. Reg. 0 2 6 10 14 18 23 27 31 35 39 41 41 41 41 41 41 41 41 41 

Industrial 1 0 2 6 15 24 33 43 52 61 70 79 88 98 107 116 126 135 144 154 163 

Irrigation 1 0 0 1 2 2 3 4 5 5 6 7 7 8 9 9 10 11 11 12 13 
T&D Effie lmpr 0 3 8 13 18 23 28 34 39 44 49 54 59 64 70 75 80 85 90 96 
Industrial 2 0 1 4 10 16 23 29 35 41 48 54 60 67 73 80 86 93 99 106 112 
Exist. Commercial 1 0 1 5 11 19 29 39 48 58 68 78 87 97 106 116 126 135 145 155 164 0 

m 
MF Res Weath 0 1 2 3 5 6 8 9 10 12 13 13 13 13 13 13 13 13 13 13 .., 
SF Res Weath 0 3 9 16 24 31 39 46 54 61 64 64 64 64 64 64 64 64 64 64 

m 

Ex. Res. Lighting-I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ 
High Cost Block 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 z 

vi ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- .., 
Subtotal 64 144 241 337 392 453 517 627 689 751 811 863 916 967 1021 1074 1123 1168 1215 1259 n 

" 
GENERA TING RESOURCES: Bl 

0 
Hydro Eff Imp 0 0 0 15 30 45 45 60 60 60 60 60 75 75 75 75 75 75 75 75 c:: 
Small Hydro 1 0 0 0 0 0 0 5 5 5 5 5 5 5 5 10 10 10 10 10 10 ~ 
Small Hydro 2 0 0 0 0 0 0 4 4 4 7 7 7 7 11 11 11 11 11 11 11 m 

C/l 
WNP 3 0 0 0 0 0 0 0 0 868 868 868 868 868 868 868 868 868 868 868 868 () 

Thermal Eff Imp 0 0 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 ::c 
m 

Cogen 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

WNP 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 818 818 818 818 818 c:: 
r 

Mun. Solid Waste 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 m 
C/l 

Combined Cycle 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2l 
Combined Cycle 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 " 

~ 
Wind 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .., 
Geothermal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

::c 
m 

z Small Hydro 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 > 
0 E. Mont Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ 
cl E. Wash Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 m 
::c ~ :E E. Oregon Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
m W. Wa/Or Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ 
C/l < .., 

Nevada Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

6 Cogen 2 0 0 0 0 0 0 0 0 
m 

0 0 0 0 0 0 0 0 0 0 0 0 Gl 
~ Wind 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 C/l 

" Small Hydro 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
... Biomass 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

c:: 

~ Cogen 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ 
z m 
I Wind 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 
< Cogen 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 cl 0 Replacement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 r 2l c:: ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
1:: r 
m Subtotal 0 0 6 21 36 51 60 75 943 946 946 946 961 965 970 1788 1788 1788 1788 1788 a 
= C/l 

Tota.I Firm Resources 5141 5070 5024 5227 5220 5217 5308 5613 6380 6288 6262 6225 6111 5976 5930 6806 6807 6743 6673 6726 

Load/Resource Balance -221 -301 -388 -246 -306 -365 -347 -112 588 430 351 254 84 -129 -259 529 446 297 136 101 



:§ c:, 
::1 

z Study ID :6-APR-91 13:42:37 
m 

0 ~ 
1:1 Study Title:High Gase Price Scenario - MEDIUM HIGH LOADS z :i: 
:E SYSTEM SUMMARY:Observed Loads and Resources (Avg MW),PARTY = IOUs 

F;l 
..-i m n (/; 

..-i 
Operating Year 90-91 91-92 92-93 94-96 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05 05-06 06-07 07-08 08-09 09-10 :e 

6 93-94 rn ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----:E Observed Load 9398 9637 9839 10036 10240 10450 10660 10858 11048 11228 11400 11587 11780 11997 12234 12478 12706 12940 13187 13427 
0 

m C: 
:e Observed Rate 2.54% 2.09% 2.00% 2.04% 2.04% 2.01% 1.86% 1.75% 1.63% 1.53% 1.63% 1.67% 1.84% 1.98% 1.99% 1.83% 1.84% 1.91% 1.82% f\ .,, 
~ 

m 
Existing Resources 9411 9392 9340 9287 9214 9141 8976 8811 8691 8571 8520 8469 8445 8388 8344 8184 8132 8142 8161 7923 

(/; 
() 

I ~ < BP A Requirements 107 138 188 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 u 0 C: r r C: 
CONSERVATION PROGRAMS: rn s: m Water Heat 1 0 0 0 0 7 21 36 63 69 86 104 123 142 163 184 204 217 222 226 228 2l = New Commercial 1 0 2 5 11 23 40 67 75 93 112 131 151 171 192 214 234 256 278 300 324 :e 
Commercial R&R 1 0 5 11 16 21 27 32 37 43 48 53 69 64 69 75 80 85 91 96 101 ..-i 

New SF Res 1 0 0 2 3 6 9 13 16 20 24 27 31 35 39 43 47 51 54 68 62 :i: 
m 

New MF Res 1 0 0 0 1 1 2 2 3 3 4 5 5 6 7 7 8 9 9 10 10 
~ New Manuf Housing 1 0 1 2 5 8 13 17 22 27 33 38 43 49 54 59 65 70 75 80 85 

New Res Light 1 0 0 1 1 3 4 5 7 8 9 11 12 14 16 17 18 19 21 22 23 m 
:e 

Wtr Htr Heat Pumps 0 0 1 3 6 7 10 13 16 19 23 26 29 33 36 39 43 46 49 62 z 
Cons. Volt. Reg. 0 3 9 15 21 27 33 38 44 50 66 59 59 59 69 59 59 59 59 59 ~ 
Industrial 1 0 2 6 15 24 33 43 62 61 70 79 88 98 107 116 126 135 144 154 163 < m 
Irrigation 1 0 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 :e 
T&D Effie lmpr 0 2 7 12 17 22 27 31 36 41 46 61 56 60 65 70 is 80 84 89 rn 
Industrial 2 0 l 4 10 16 23 29 36 41 48 64 60 67 73 80 86 93 99 106 112 0 
Exist. Commercial l 0 2 10 22 38 67 77 96 116 134 153 172 191 210 229 249 268 287 306 325 

C: 

f\ MF Res Weath 0 2 6 11 17 22 27 32 38 43 44 44 44 44 44 44 44 44 44 44 m 
SF Res Weath 0 2 8 16 22 29 36 43 50 57 59 59 59 59 59 59 59 59 59 59 .,, 
Ex. Res. Lighting-I 0 1 2 4 5 7 8 10 12 13 14 15 15 15 15 15 15 15 15 15 0 

1:1 High Cost Block 0 0 0 0 0 0 0 0 0 0 0 3 12 24 36 48 60 72 84 96 2l ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Subtotal 0 23 75 146 237 347 457 569 683 799 906 1011 1122 1236 1351 1465 1673 1671 1769 1865 C 

0 
(/; 

GENERA TING RESOURCES: 
Hydro Eff Imp 0 0 0 10 20 30 35 36 36 35 35 35 35 35 35 35 35 35 35 35 
Small Hydro 1 0 0 0 0 0 0 14 29 43 62 52 62 71 76 76 76 76 76 76 76 
Small Hydro 2 0 0 0 0 0 0 11 22 33 43 43 51 58 66 72 80 87 87 87 87 
Thermal Eff Imp 0 0 0 50 60 60 60 50 60 50 60 50 50 50 50 50 60 50 50 50 
Cogen 1 0 0 0 0 40 160 280 280 400 400 400 420 420 420 420 420 420 420 420 420 
Mun. Solid Waste 0 0 0 0 0 0 0 0 0 8 8 8 8 15 15 15 15 23 23 30 
Combined Cycle 1 0 0 0 0 0 0 0 357 357 357 357 367 367 357 357 357 357 357 357 357 
Combined Cycle 2 0 0 0 0 0 0 0 0 0 357 357 357 357 367 357 357 357 357 357 357 
Wind 1 0 0 0 0 0 12 23 23 23 23 23 23 23 23 23 23 23 23 23 23 
Geothermal 0 0 0 0 0 105 140 140 175 175 175 245 280 280 280 280 280 280 280 280 
Small Hydro 3 0 0 0 0 0 0 15 15 26 33 37 37 52 63 74 85 96 107 107 107 
E. Mont Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 298 298 597 895 895 1194 1492 
E. Wash Coal Gas 0 0 0 0 0 0 523 523 523 523 523 523 523 523 523 523 523 523 523 523 
E. Oregon Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
W. Wa/Or Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Nevada Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cogen 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Wind 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Small Hydro 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Biomass 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cogen 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Wind 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cogen 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Replacement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Subtotal 0 0 0 60 no 357 1091 1474 1665 2056 2060 2168 2234 2562 2580 2898 3214 3233 3532 3837 ~ .,, 

m 
Total Firm Resources 9519 9554 9601 9493 9661 9843 10524 10854 11039 11427 ll488 ll649 ll802 12188 12278 12548 12919 13046 13462 13627 z 

u 

Load/Resource Balance -237 -679 
x 

121 -83 -542 -606 -136 -4 -9 199 87 63 21 191 43 70 213 106 276 200 s "' I "' I 
V, 0:, 
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Study ID :5-APR-91 13:42:37 
z 
0 

Study Title_:High Gase Price Scenario - MEDIUM HIGH LOADS x 
0 

SYSTEM SUMMARY:Observed Loads "'nd Resources (Avg MW),PARTY = Generating Publics 
I 

"' 
Operating Y e"'r 90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05 05-06 06-07 07-08 08-09 09-10 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Observed Load 4705 4830 4935 5038 5144 5252 5361 5464 5568 5667 5754 5849 5949 6061 6183 6309 6427 6548 6676 6801 

Observed Rate 2.67% 2.18% 2.09% 2.10% 2.11% 2.07% 1.92% 1.89% 1.78% 1.54% 1.64% 1.71% 1.88% 2.02% 2.04% 1.87% 1.88% 1.96% 1.86% 

Existing Resources 2445 2432 2450 2468 2451 2435 2434 2433 2411 2390 2394 2398 2381 2365 2372 2496 2559 2559 2559 2699 

BP A Requirements 2260 2398 2485 2571 2693 2817 2927 2880 2999 3113 3192 3278 3389 3511 3621 3622 3675 3790 3912 3897 

CONSERVATION PROGRAMS: 
Water Heat 1 0 0 0 0 3 8 14 20 26 32 39 47 54 62 69 77 82 84 85 85 
New Commercial 1 0 0 1 3 7 11 16 20 25 30 35 40 45 51 56 62 67 73 79 85 
Commercial R&R 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
New SF Res 1 0 0 1 2 3 5 7 8 10 12 14 16 18 20 22 24 25 27 29 31 
New MF Res 1 0 0 0 0 0 1 1 1 1 1 1 2 2 2 2 2 3 3 3 3 
New Manuf Housing 1 0 0 1 2 3 4 6 8 10 11 13 15 17 19 21 22 24 26 28 29 
New Res Light 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Wtr Htr Heat Pumps 0 0 0 0 1 2 3 4 5 6 8 9 10 12 13 14 16 17 18 20 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Subtotal 0 0 3 7 17 31 47 61 77 92 110 129 146 166 183 201 217 230 242 253 

GENERA TING RESOURCES: 
Repl,,,cement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Subtotal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Total Firm Resources 4705 4831 4938 5045 5160 5283 5407 5374 5487 5596 5696 5804 5917 6041 6176 6320 6451 6578 6712 6849 I i Load/Resource Balance 0 1 3 7 16 31 45 -91 -81 -71 -58 -44 -32 -20 -7 11 24 30 36 49 
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trl - -l 

z Study ID :5-APR-91 13:42:37 
trl 

0 ~ q Study Title:High Gase Price Scenario - MEDIUM HIGH LOADS 
:r: z 

~ SYSTEM SUMMARY:Observed Loads and Resources (Avg MW),PARTY = REGION 
vl 
-l 
i'i 

-l Operating Year 90-91 91-92 92-93 93-94 94-96 96-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05 06-06 06-07 07-08 08-09 09-10 
~ .., 

0 ----- ----- ----- ----- ----- J:: ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
~ Observed Load 17183 17608 17949 18303 18682 19072 19464 19837 20197 20542 20869 21222 21587 21993 22438 22896 23325 23764 24230 24683 0 c:: 
:,, Observed Rate 2.47% 1.94% 1.97% 2.07% 2.09% 2.06% 1.91% 1.82% 1.71% 1.59% 1.69% 1.72% 1.88% 2.02% 2.04% 1.88% 1.89% 1.96% 1.87% f5 .., 

DSI Firm Load 2282 2230 2237 2244 2228 2212 2211 2211 2211 2210 2197 2183 2170 2170 2170 2170 2170 2170 2170 2170 
5: 

tr1 
(I) 

z ("l 

I Existing Resources 19300 19286 19239 19193 19150 19106 19071 19036 18849 18663 18611 18559 18449 18306 18276 18247 18263 18278 18304 18199 :r: 
tr1 

< ti 
0 
t"' CONSERVATION PROGRAMS: 

c:: 
t"' c:: Water Heat 1 s: 0 0 0 0 13 38 65 94 123 152 185 220 255 292 328 364 388 397 403 406 rn 

trl New Commercial 1 0 2 7 16 34 58 82 107 133 160 187 216 243 273 304 333 363 395 426 460 2l = Commercial R&R 1 0 8 16 24 32 40 48 66 65 72 80 89 96 104 113 120 128 137 145 152 :,, 
New SF Res 1 0 0 4 7 13 19 27 33 41 49 56 64 72 80 89 97 104 111 119 127 -l 

New MF Res 1 0 0 0 1 1 4 4 5 6 6 8 9 10 11 11 13 15 15 16 16 :r: 
tr1 

New Manuf Housing 1 0 1 4 9 14 22 30 38 47 56 65 74 84 93 102 111 120 129 138 146 
~ New Res Light 1 0 0 1 2 5 7 9 12 13 15 18 20 23 25 28 30 32 36 37 39 

Wtr Htr Heat Pumps 0 0 1 3 7 11 16 21 27 32 39 45 50 58 63 69 76 81 87 93 tr1 

BP A Contract Recall 64 128 192 242 242 242 242 292 292 292 292 292 292 292 292 292 292 292 292 292 ~ 
Cons. Volt. Reg. 0 5 15 26 35 45 66 65 75 85 95 100 100 100 100 100 100 100 100 100 ~ 
Industrial 1 0 4 12 30 48 66 86 104 122 140 158 176 196 214 232 252 270 288 308 326 ~ 
Irrigation 1 0 0 2 4 6 7 9 11 12 14 16 17 19 21 22 24 26 27 29 31 
T&D Effie Impr 0 6 15 26 35 46 55 66 75 85 95 105 115 124 135 145 165 165 174 185 ~ 
Industrial 2 0 2 8 20 32 46 58 70 82 96 108 120 134 146 160 172 186 198 212 224 0 

Exist. Commercial 1 0 3 15 33 67 86 116 144 173 202 231 259 288 316 345 375 403 432 461 489 c:: 
MF Res Weath 0 3 8 14 22 28 35 41 48 66 57 67 57 57 57 67 57 57 57 57 f5 

trl 
SF Res Weath 0 6 17 31 46 60 76 89 104 118 123 123 123 123 123 123 123 123 123 123 .,, 
Ex. Res. Lighting-1 0 1 2 4 6 7 8 10 12 13 14 15 15 15 15 15 15 15 15 15 0 

High Cost Block 0 0 0 0 0 0 0 0 0 0 0 3 12 24 36 48 60 72 84 96 
q 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- 2l 
Subtotal 64 167 319 490 646 831 1021 1267 1449 1642 1827 2003 2184 2368 2555 2740 2913 3069 3226 3377 C 

£ 
GENERA TING RESOURCES: 
Hydro Eff Imp 0 0 0 26 50 75 80 95 95 96 95 95 110 110 110 110 110 110 110 110 

Small Hydro 1 0 0 0 0 0 0 19 34 48 67 57 67 76 81 86 86 86 86 86 86 

Small Hydro 2 0 0 0 0 0 0 15 26 87 50 50 58 65 76 88 91 98 98 98 98 

WNP 8 0 0 0 0 0 0 0 0 868 868 868 868 868 868 868 868 868 868 868 868 

Thermal Eff Imp 0 0 6 56 56 56 66 66 56 56 56 56 56 56 66 56 56 56 56 66 

Cogen 1 0 0 0 0 40 160 280 280 400 400 400 420 420 420 420 420 420 420 420 420 

WNP 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 818 818 818 818 818 
Mun. Solid Waste 0 0 0 0 0 0 0 0 0 8 8 8 8 15 15 15 16 28 28 30 

Combined Cycle 1 0 0 0 0 0 0 0 367 357 857 357 367 357 357 857 357 357 857 367 357 

Combined Cycle 2 0 0 0 0 0 0 0 0 0 367 857 357 857 857 857 857 357 867 857 357 

Wind 1 0 0 0 0 0 12 23 23 28 28 28 28 28 28 28 23 28 23 23 28 
Geothermal 0 0 0 0 0 105 140 140 176 175 175 245 280 280 280 280 280 280 280 280 

Small Hydro 8 0 0 0 0 0 0 15 15 26 33 87 37 52 68 74 86 96 107 107 107 

E. Mont Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 298 298 597 895 895 1194 1492 

E. Wash Coal Gas 0 0 0 0 0 0 523 528 628 523 528 628 528 523 528 528 528 528 528 623 

E. Oregon Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

W. Wa/Or Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Nevada Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Cogen 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Wind 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Small Hydro 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Biomass 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Cogen 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Wind 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Cogen 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Replacement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ?; 
----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- .., 

trl 
Subtotal 0 0 6 81 146 408 1161 1549 2608 8002 8006 3114 8195 8627 3560 4686 5002 5021 5320 5625 z 

ti 

Total Firm Resources 19365 19455 19564 19765 19942 20343 21238 21841 22906 23310 28446 23678 28880 24205 24384 26674 26177 26868 26847 27208 
S< 

0, I 
s 

0, 
I ..., 

Load/Resource Balance -100 -883 -622 -781 -969 -940 -487 -207 498 558 880 273 73 42 -223 610 683 434 447 350 l:tl 



; I > .,, .,, 
tTl 

Study ID :8-APR-91 12:40:15 z 
C, 

Study Title:High Gase Price Scenario - HIGH LOADS x 
0 

SYSTEM SUMMARY:Observed Loads and Resources (Avg MW),PARTY = BPA I 
0:, 

Operating Year 90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05 05-06 06-07 07-08 08-09 09-10 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Observed Load 3151 3260 3326 3414 3523 3631 3745 3846 3943 4045 4148 4254 4357 4468 4594 4718 4835 4955 5080 5206 

Observed Rate 3.47% 2.02% 2.66% 3.17% 3.07% 3.15% 2.69% 2.53% 2.59% 2.55% 2.54% 2.43% 2.55% 2.80% 2.71% 2.48% 2.47% 2.52% 2.48% 

DSI Firm Load 2336 2314 2335 2357 2356 2355 2354 2354 2353 2352 2326 2301 2275 2275 2275 2275 2275 2275 2275 2275 

Existing Resources 7444 7462 7450 7438 7484 7530 7661 7792 7747 7703 7698 7692 7623 7553 7560 7566 7572 7577 7583 7577 

BP A Requirements -2489 -2749 -2944 -2905 -3101 -3295 -3471 -3441 -3607 -3781 -3921 -4064 -4222 -4392 -4561 -4616 -4728 -4903 -5085 -5134 

CONSERVATION PROGRAMS: 
Water Heat 1 0 0 0 0 3 10 17 24 32 39 47 57 66 76 86 96 102 104 106 108 

New Commercial 1 0 0 1 3 6 9 13 16 20 24 27 31 35 38 42 46 50 54 58 63 

Commercial R&R 1 0 3 5 8 10 13 15 18 20 23 25 28 30 33 36 38 41 43 46 48 

New SF Res 1 0 1 2 3 6 9 13 16 19 23 26 29 33 36 40 43 46 50 53 57 

New MF Res 1 0 0 0 0 0 1 1 1 1 2 2 2 2 2 3 3 3 3 4 4 

New Manuf Housing 1 0 0 1 2 3 4 6 8 9 11 13 15 16 18 20 22 23 25 27 29 

New Res Light 1 0 0 1 1 2 4 5 7 8 9 11 12 13 15 16 18 19 20 22 23 

Wtr Htr Heat Pumps 0 0 0 0 1 3 4 6 8 10 12 14 17 19 21 23 25 27 29 31 

BP A Contract Recall 192 192 192 242 242 242 242 292 292 292 292 292 292 292 292 292 292 292 292 292 

Cons. Volt. Reg. 0 2 6 10 14 18 23 27 31 35 39 41 41 41 41 41 41 41 41 41 

Industrial 1 0 2 6 15 24 33 43 52 61 70 79 88 98 107 116 126 135 144 154 163 

Irrigation 1 0 0 1 2 2 3 4 5 5 6 7 7 8 9 9 10 11 11 12 13 
T&D Effie lmpr 0 3 8 13 18 23 28 34 39 44 49 54 59 64 70 75 80 85 90 96 

Industrial 2 0 1 4 10 16 23 29 35 41 48 54 60 67 73 80 86 93 99 106 112 
Exist. Commercial 1 0 1 5 11 19 29 39 48 58 68 78 87 97 106 116 126 135 145 155 164 C, 

tTl 
MF Res Weath 0 1 2 3 5 6 8 9 10 12 13 13 13 13 13 13 13 13 13 13 -l 

SF Res Weath 0 3 9 16 24 31 39 46 54 61 64 64 64 64 64 64 64 64 64 64 tTl 
;,, 

Ex. Res. Lighting-I 0 0 0 0 0 0 0 0 0 0 0 1 2 4 5 6 8 9 10 11 s: 
High Cost Block 0 0 0 0 0 0 0 0 0 0 2 8 16 24 32 40 48 56 64 72 z 

vi 
----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -l 

Subtotal 192 209 243 339 395 461 529 644 708 777 840 903 969 1034 1102 1168 1229 1285 1346 1404 n 
;,, 

GENERA TING RESOURCES: 
g] 
0 

Hydro Eff Imp 0 0 0 15 30 45 60 75 75 75 75 75 75 75 75 75 75 75 75 75 c:: 
Small Hydro 1 0 0 0 0 0 0 5 10 14 14 14 14 14 14 14 14 14 14 14 14 ~ 
Small Hydro 2 0 0 0 0 0 0 4 7 11 11 11 11 14 14 14 14 14 14 14 14 tTl 

WNP 3 0 0 0 0 0 0 0 0 868 868 868 868 868 868 868 868 868 868 868 868 
V, 
n 

Thermal Eff Imp 0 0 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 s 
Cogen 1 0 0 0 0 0 20 60 80 80 80 80 80 80 80 80 80 80 80 80 80 C, 

WNP 1 0 0 0 0 0 0 0 0 0 818 818 818 818 818 818 818 818 818 818 818 c:: 
r 

Mun. Solid Waste 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 8 8 tTl 
V, 

Combined Cycle 1 0 0 0 0 0 0 0 0 357 357 357 357 357 714 714 714 714 714 714 714 a 
Combined Cycle 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 357 357 714 714 1071 1071 ;,, 

§ Wind 1 0 0 0 0 0 0 0 0 0 0 0 0 6 6 6 6 6 6 6 6 -l 

Geothermal 0 0 0 0 0 0 0 0 0 0 0 0 35 35 35 35 35 35 35 35 
:i: 
tTl 

z Small Hydro 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 4 7 > 
0 E. Mont Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Ci 
::l E. Wash Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 tTl 
:i: ~ 
~ 

E. Oregon Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
W. Wa/Or Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ 

-l Nevada Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ 
6 Cogen 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ;,, 
~ Wind 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 g] 
tTl Small Hydro 4 0 0 0 0 0 'f' 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ;,, .,, Biomass 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

c:: 

~ Cogen 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ 
tTl 

I Wind 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .,, 
< Cogen 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 Replacement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 :::1 
r 6 c:: ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----s: Subtotal 0 0 6 21 36 71 135 178 1411 2229 2229 2229 2273 2630 2987 2987 3344 3356 3713 3716 5 m 
::: V, 

Total Firm Resources 5147 4921 4754 4895 4816 4768 4851 5171 6261 6928 6846 6762 6644 6827 7088 7105 7418 7318 7556 7561 

Load/Resource Bala.nee -340 -653 -907 -876 -1062 -1217 -1248 -1028 -35 530 372 208 12 84 220 112 308 88 202 81 



:8 0 
tT1 ..., 

z Study ID :8-APR-91 12:40:15 
tT1 

0 ~ ::l Study Title:High Gase Price Scenario - HIGH LOADS 
:r:: 2 

~ SYSTEM SUMMARY:Observed Loads and Resources (Avg MW),PARTY = IOUs 
ul 
:l 

"' n ..., .,, Operating Year 90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05 05-06 06-07 07-08 08-09 09-10 " 0 
tT1 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- er. 

~ Observed Load 9642 10059 10381 10709 11061 11407 11751 12045 12332 12636 12932 13232 13524 13842 14203 14557 14898 15246 15608 15970 
0 
C 

" Observed Rate 4.33% 3.20% 3.16% 3.29% 3.13% 3.01% 2.50% 2.39% 2.46% 2.34% 2.32% 2.21% 2.36% 2.60% 2.50% 2.34% 2.34% 2.37% 2.32% fl .,, 

~ 
tT1 

Existing Resources 9411 9392 9340 9287 9214 9141 8976 8811 8691 8571 8520 8469 8445 8388 8344 8184 8132 8142 8161 7923 "' n 
I :r:: 
< BP A Requirements 107 

tT1 

0 138 188 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

E 
C r 

:c:: CONSERVATION PROGRAMS: 8l 
tT1 Water Heat 1 0 0 0 0 8 24 41 60 79 98 118 138 161 186 211 235 250 257 262 265 6 = New Commercial 1 0 3 6 16 34 55 77 100 123 147 170 193 217 242 268 292 318 344 371 398 " Commercial R&R 1 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 ..., 

New SF Res 1 0 1 3 6 10 16 22 28 34 40 47 53 59 66 72 79 85 91 97 104 :r:: 
tT1 

New MF Res 1 0 0 0 1 1 2 2 3 4 5 5 6 7 7 8 9 10 10 11 12 )> 

New Ma.nuf Housing 1 0 1 2 4 7 12 16 20 25 30 35 39 44 49 53 58 63 67 72 76 ti 
New Res Light 1 0 0 1 2 4 6 8 9 11 13 15 17 19 22 24 26 27 29 31 33 tT1 

Wtr Htr Heat Pumps 0 1 2 4 7 11 15 19 24 29 34 38 43 48 53 58 62 67 72 76 ~ 
Cons. Volt. Reg. 0 3 9 15 21 27 33 38 44 50 56 59 59 59 59 59 59 59 59 59 2; 
Industrial 1 0 2 6 15 24 33 43 52 61 70 79 88 98 107 116 126 135 144 154 163 < tT1 
Irrigation 1 0 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 " T&D Effie Impr 0 2 7 12 17 22 27 31 36 41 46 51 56 60 65 70 75 80 84 89 m 

"' Industrial 2 0 1 4 10 16 23 29 35 41 48 54 60 67 73 80 86 93 99 106 112 0 

Exist. Commercial 1 0 2 10 22 38 57 77 96 115 134 153 172 191 210 229 249 268 287 306 325 
C 

fl 
MF Res Weath 0 2 6 11 17 22 27 32 38 43 44 44 44 44 44 44 44 44 44 44 tT1 
SF Res Weath 0 2 8 15 22 29 36 43 50 57 59 59 59 59 59 59 59 59 59 59 .,, 
Ex. Res. Lighting-I 0 1 2 4 5 7 8 10 12 13 14 15 15 15 15 15 15 15 15 15 0 

q 
High Cost Block 0 0 0 0 0 0 0 0 0 0 3 12 24 36 48 60 72 84 96 108 6 ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Subtotal 0 26 77 154 254 375 496 617 744 871 991 1109 1234 1360 1487 1614 1730 1837 1946 2051 C 

0 
"' 

GENERA TING RESOURCES: 
Hydro Eff Imp 0 0 0 10 20 30 35 35 35 35 35 35 35 35 35 35 35 35 35 35 
Small Hydro 1 0 0 0 0 0 0 14 29 43 52 62 71 76 76 76 76 76 76 76 76 
Small Hydro 2 0 0 0 0 0 0 11 22 33 43 51 58 65 72 80 87 87 87 87 87 
Thermal Eff Imp 0 0 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 
Cogen 1 0 0 0 0 40 160 280 400 420 420 420 420 420 420 420 420 420 420 420 420 
Mun. Solid Waste 0 0 0 0 0 0 0 0 0 8 8 8 8 15 15 15 15 23 23 30 
Combined Cycle 1 0 0 0 0 0 0 0 357 357 357 357 357 357 357 357 357 357 357 357 357 
Combined Cycle 2 0 0 0 0 0 0 0 0 0 357 357 357 357 357 357 357 357 357 357 357 
Wind 1 0 0 0 0 0 12 23 23 23 23 23 23 23 23 23 23 23 23 23 23 
Geothermal 0 0 0 0 0 105 175 245 280 280 280 280 280 280 280 280 280 280 280 280 
Small Hydro 3 0 0 0 0 0 0 15 30 44 59 74 85 96 107 107 107 107 107 107 107 
E. Mont Coal Gas 0 0 0 0 0 0 0 0 0 597 597 895 1194 1492 1790 1790 1790 1790 1790 1790 
E. Wash Coal Gas 0 0 0 0 0 523 785 785 785 785 785 785 785 785 785 785 785 785 785 785 
E. Oregon Co"! G"s 0 0 0 0 0 0 0 0 0 262 262 262 262 262 262 262 523 785 785 785 
W. Wa./Or Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 263 263 526 790 
Nevada. Coal Ga.s 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 263 
Cogen 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Wind 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Small Hydro 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Biomass 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cogen 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Wind 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cogen 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Replacement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Subtotal 0 0 50 60 110 880 1388 1976 2070 3328 3361 3686 4008 4331 4637 4644 5168 5438 5701 6235 

)> .,, .,, 
m 

Total Firm Resources 9519 9555 9654 9501 9579 10395 10859 11405 11505 12770 12871 13267 13687 14082 14470 14442 15031 15419 15809 16211 z 
0 x 

Load/Resource Bala.nee -726 -123 -505 -1208 -1482 -1012 -892 -639 -827 135 -60 35 164 239 267 -115 133 172 201 242 0 
"' I 0, I 

"° to 



2 I ;,,. .,, .,, 
tT1 

Study ID :8-APR-91 12:40:15 z 
0 

Study Title:High Gase Price Scenario - HIGH LOADS ;;::: 
0 

SYSTEM SUMMARY:Observed Loads and Resources (Avg MW),PARTY = Generating Publics I 
tr! 

Operating Year 90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05 05-06 06-07 07-08 08-09 09-10 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Observed Load 4827 5043 5206 5373 5553 5730 5905 6055 6208 6369 6521 6675 6825 6989 7173 7355 7535 7719 7911 8103 

Observed Rate 4.49% 3.23% 3.19% 3.35% 3.19% 3.06% 2.54% 2.52% 2.59% 2.39% 2.37% 2.24% 2.39% 2.64% 2.54% 2.45% 2.45% 2.48% 2.43% 

Existing Resources 2445 2432 2450 2468 2451 2435 2434 2433 2411 2390 2394 2398 2381 2365 2372 2496 2559 2559 2559 2699 

BP A Requirements 2382 2611 2756 2905 3101 3295 3471 3441 3607 3781 3921 4064 4222 4392 4561 4616 4728 4903 5085 5134 

CONSERVATION PROGRAMS: 
Water Heat 1 0 0 0 0 3 9 16 22 29 36 44 52 61 70 79 88 94 96 98 99 

New Commercial 1 0 1 2 5 10 15 21 27 33 40 45 51 58 64 71 77 84 90 97 105 

Commercial R&R 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

New SF Res 1 0 0 1 3 5 9 12 15 18 21 24 27 30 33 37 40 43 46 49 52 

New MF Res 1 0 0 0 0 0 1 1 1 1 1 2 2 2 2 2 3 3 3 3 4 

New Manuf Housing 1 0 0 1 1 3 4 6 7 9 10 12 14 15 17 18 20 22 23 25 26 

New Res Light 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Wtr Htr Heat Pumps 0 0 0 0 1 2 4 6 8 10 12 13 15 17 19 21 23 25 27 29 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Subtotal 0 1 4 9 22 40 60 78 98 118 139 159 181 203 226 249 269 283 299 315 

GENERA TING RESOURCES: 
Replacement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -----
Subtotal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Total Firm Resources 4827 5045 5211 5382 5575 5770 5964 5952 6116 6288 6453 6621 6785 6962 7160 7361 7554 7745 7943 8148 I I Load/Resource Balance 0 1 4 10 22 40 59 -103 -92 -81 -68 -54 -41 -27 -13 6 19 26 32 45 
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z Study ID :8-APR-91 12:40:15 
trl 

0 
,, 

:'.l Study Title:High Gase Price Scenario - HIGH LOADS a:: 
:r: z 
:f! SYSTEM SUMMARY:Observed Loads and Resources (Avg MW),PARTY = REGION 

er. 
ti? 

.., 
i'i .., 

"" Operating Year 90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05 05-06 06-07 07-08 08-09 09-10 ,, 
0 ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ti? 
:f! Observed Load 17619 18363 18913 19496 20136 20768 21401 21946 22483 23050 23601 24161 24706 25299 25970 26631 27269 27920 28598 29278 0 
trl C: ,, 

Observed Rate 4.22% 3.00% 3.08% 3.29% 3.14% 3.05% 2.54% 2.45% 2.52% 2.39% 2.37% 2.26% 2.40% 2.65% 2.55% 2.40% 2.39% 2.43% 2.38% fl 
"" ~ OSI Firm Load 2336 2314 2335 2357 2356 2355 2354 2354 2353 2352 2326 2301 2275 2275 2275 2275 2275 2275 2275 2275 trl 

"' z n 
I Existing Resources 19300 19286 19239 19193 19150 19106 19071 19036 18849 18663 18611 18559 18449 18306 18276 18247 18263 18278 18304 18199 :r: 
< trl 

0 u 
r CONSERVATION PROGRAMS: 

C: 
C: r 

a:: Water Heat l 0 0 0 0 14 43 74 106 140 173 209 247 288 332 376 419 446 457 466 472 trl 

"' trl New Commercial 1 0 4 9 24 50 79 111 143 176 211 242 275 310 344 381 415 452 488 526 566 a = Commercial R&R 1 0 8 15 23 30 38 45 53 60 68 75 83 90 98 106 113 121 128 136 143 ,, 
New SF Res 1 0 2 6 12 21 34 47 59 71 84 97 109 122 135 149 162 174 187 199 213 .., 
New MF Res 1 0 0 0 1 1 4 4 5 6 8 9 10 11 11 13 15 16 16 18 20 :r: 

trl 

New Manuf Housing 1 0 1 4 7 13 20 28 35 43 51 60 68 75 84 91 100 108 115 124 131 :> 
New Res Light 1 0 0 2 3 6 10 13 16 19 22 26 29 32 37 40 44 46 49 53 56 ~ 
Wtr Htr Heat Pumps 0 1 2 4 9 16 23 31 40 49 58 65 75 84 93 102 110 119 128 136 trl ,, 
BP A Contract Recall 192 192 192 242 242 242 242 292 292 292 292 292 292 292 292 292 292 292 292 292 z 
Cons. Volt. Reg. 0 5 15 25 35 45 56 65 75 85 95 100 100 100 100 100 100 100 100 100 :'.i 
Industrial 1 0 4 12 30 48 66 86 104 122 140 158 176 196 214 232 252 270 288 308 326 < 
Irrigation 1 0 0 2 4 5 7 9 11 12 14 16 17 19 21 22 24 26 27 29 31 

trl ,, 
T&D Effie Impr 0 5 15 25 35 45 55 65 75 85 95 105 115 124 135 145 155 165 174 185 trl 

"' Industrial 2 0 2 8 20 32 46 58 70 82 96 108 120 134 146 160 172 186 198 212 224 0 

Exist. Commercial 1 0 3 15 33 57 86 116 144 173 202 231 259 288 316 345 375 403 432 461 489 C: 

MF Res Weath 0 3 8 14 22 28 35 41 48 55 57 57 57 57 57 57 57 57 57 57 f\ 
trl 

SF Res Wea.th 0 5 17 31 46 60 75 89 104 118 123 123 123 123 123 123 123 123 123 123 "" Ex. Res. Lighting-I 0 1 2 4 5 7 8 10 12 13 14 16 17 19 20 21 23 24 25 26 0 

High Cost Block 0 0 0 0 0 0 0 0 0 0 5 20 40 60 80 100 120 140 160 180 :'.l 
"' ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- 0 

Subtotal 192 236 324 502 671 876 1085 1339 1550 1766 1970 2171 2384 2597 2815 3031 3228 3405 3591 3770 C 
0 
"' 

GENERA TING RESOURCES: 
Hydro Eff Imp 0 0 0 25 50 75 95 110 110 110 110 110 110 110 110 110 110 110 110 110 
Small Hydro 1 0 0 0 0 0 0 19 39 57 66 76 85 90 90 90 90 90 90 90 90 
Small Hydro 2 0 0 0 0 0 0 15 29 44 54 62 69 79 86 94 101 101 101 101 101 
WNP 3 0 0 0 0 0 0 0 0 868 868 868 868 868 868 868 868 868 868 868 868 
Thermal Eff Imp 0 0 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 
Cogen 1 0 0 0 0 40 180 340 480 500 500 500 500 500 500 500 500 500 500 500 500 
WNP 1 0 0 0 0 0 0 0 0 0 818 818 818 818 818 818 818 818 818 818 818 
Mun. Solid Waste 0 0 0 0 0 0 0 0 0 8 8 8 8 15 15 15 15 31 31 38 
Combined Cycle 1 0 0 0 0 0 0 0 357 714 714 714 714 714 1071 1071 1071 1071 1071 1071 1071 
Combined Cycle 2 0 0 0 0 0 0 0 0 0 357 357 357 357 357 714 714 1071 1071 1428 1428 
Wind 1 0 0 0 0 0 12 23 23 23 23 23 23 29 29 29 29 29 29 29 29 
Geothermal 0 0 0 0 0 105 175 245 280 280 280 280 315 315 315 315 315 315 315 315 
Small Hydro 3 0 0 0 0 0 0 15 30 44 59 74 85 96 107 107 107 107 111 111 114 
E. Mont Coal Gas 0 0 0 0 0 0 0 0 0 597 597 895 1194 1492 1790 1790 1790 1790 1790 1790 
E. Wash Coal Gas 0 0 0 0 0 523 785 785 785 785 785 785 785 785 785 785 785 785 785 785 
E. Oregon Coal Gas 0 0 0 0 0 0 0 0 0 262 262 262 262 262 262 262 523 785 785 785 
W. Wa/Or Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 263 263 526 790 
Nevada Coal Gas 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 263 
Cogen 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Wind 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Small Hydro 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Biomass 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cogen 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Wind 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cogen 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Replacement 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ,:; 

"" ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- trl 

Subtotal 0 0 56 81 146 951 1523 2154 3481 5557 5590 5915 6281 6961 7624 7631 8512 8794 9414 9951 z 
u 

Total Firm Resources 19493 19521 19619 19778 19970 20933 21675 22529 23882 25986 26171 26650 27116 27870 28718 28909 30003 30482 31308 31920 
x 

"' I 
0 

~ 
I 

Load/Resource Balance -462 -1156 -1630 -2074 -2522 -2190 -2081 -1770 -954 584 243 189 135 296 474 3 460 286 435 367 "' 
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RESOURCE ACQUISITION 

Introduction 

This chapter addresses a variety of issues that arise in 
conjunction with the acquisition of both generation and 
conservation resources. Most of these issues relate to ac
quisitions by utilities in the region, as well as to the Bon
neville Power Administration. 

Part 1 sets forth general principles for resource acqui
sition. The Council believes these principles should be 
applied in all resource acquisitions, regardless of whether 
the resource is acquired by Bonneville or another utility. 

Part 2 describes a general process for acquiring re
sources. The Council recommends this process as one way 
of ensuring resource acquisition decisions that will result 
in a least-cost energy future for the region. 

Part 3 states some generally applicable fish and wild
life considerations. While these are directed primarily at 
hydroelectric projects, they should be taken into consider
ation when acquiring any resource that has an impact on 
the natural environment. 

Part 4 deals with a type of acquisition unique to Bon
neville, the acquisition of power system reserves through 
the sale of additional power to existing direct service in
dustrial customers under Section 5(d)(3) of the Northwest 
Power Act. 

Part 1: 
General Principles Governing 
Resource Acquisition 

In the Northwest Power Act, Congress intended that 
all of the Bonneville Power Administration's acquisition 
activities "shall be consistent with the plan," unless specif
ically exempted under the Act (Section 4(d)(2)). The 
Council believes the principles set forth below are equally 
valid for all resource acquisitions, whether made by Bon
neville or another utility. 
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All resource acquisition efforts must be designed to 
be consistent with the following principles: 

1. Acquisition efforts should not create lost-opportunity 
resources and should develop as much of a resource 
as is cost-effective to the region. A lost-opportunity 
resource is one that, due to physical or institutional 
characteristics, will lose its cost-effectiveness unless 
actions are taken now to develop it or hold it for fu
ture use. A practice known as "cream skimming" is 
one way of creating a lost-opportunity resource. An 
example is installing only the easiest and least expen
sive conservation measures, so that it may not be cost
effective to return to install added measures. These 
additional measures would have been cost-effective if 
they had been installed the first time. 

2. Acquisition efforts should develop resources in the 
most cost-effective manner possible. Expenditures for 
conservation resources should recognize that adminis
trative costs and incentive payments must be balanced 
to achieve the lowest overall cost for the resource. 
Under some circumstances, for example, it may be 
more cost-effective to pay the entire cost of the con
servation measures than to incur the administrative 
costs associated with partial payments. Utilities also 
should examine acquisition approaches that may re
duce transaction costs. It is possible that competitive 
negotiation could reduce such costs. 

3. Acquisition efforts should acknowledge that for 
certain resources there is a limited "window of oppor
tunity" during which all of a resource that is cost
effective should be secured. It is important to match 
acquisition activities with the schedules of host facili
ties, especially in the case of certain conservation ac
quisitions. In industrial plants, for example, retrofit 
activities should match a plant's scheduled downtime; 
in the commercial sector, measures should be in
stalled at the time of renovation; and in all sectors, 
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code efforts should move to the full regionally cost
effective limit whenever the legislative or administra
tive process addresses energy efficiency. 

4. Efforts to acquire conservation should ensure that 
regionally cost-effective levels of efficiency are eco
nomically feasible for the consumer. An economically 
feasible conservation investment is one that results in 
the lowest life-cycle cost to the consumer. Conserva
tion investments beyond that point, as long as they 
result in savings that are cost-effective for the region, 
should be paid for by the region's utilities. 

5. The benefits of conservation acquisition efforts should 
be distributed equitably throughout the region. 

6. Acquisition efforts should maintain or enhance envi
ronmental quality. Acquisitions that lead to environ
mental degradation should be avoided or minimized. 

7. Acquisition efforts should enhance the region's ability 
to shorten resource development lead times, reduce 
development costs and increase the variety of avail
able resources. Efforts to shorten the overall lead 
time required to develop a resource will help reduce 
the cost of new resources. Completing the preliminary 
development steps and then holding a project so that 
the decision to construct may more closely match a 
demonstrated need for power also will serve to reduce 
developers' financial risk. Building the capability to 
acquire conservation resources will ensure that the 
region is able to capture efficiency savings as the need 
arises. 

8. Conservation acquisition efforts should ensure that 
the acquisition mechanism is as efficient as possible 
and that resources are reliably producing actual sav
ings. These efforts should be evaluated with respect to 
process and results. These evaluations should be de
signed to provide reliable information that can be 
used to verify resource cost and output, and to im
prove future efforts and estimates of resource cost 
and availability. 

9. Conservation acquisition efforts should be restricted 
to promoting electrical energy efficiency and should 
not be used to increase the market penetration of 
electric utilities. Marketing programs may be one ef
fective means of promoting energy-efficient building 
practices, but such efforts should not result in signifi
cant fuel switching. 

10. Acquisition efforts should give credit for resource 
characteristics that are not specifically accounted for 
in the Council's planning models. Certain resources, 
such as conservation or on-site generation, may help 
the region avoid the need to reinforce the power sys
tem with added line extensions or new transformers. 
For example, the Puget Sound area is experiencing 
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transmission capacity constraints. If conservation re
duces the need to reinforce the system there, it 
should be given added credit. 

11. Acquisition efforts in conservation should not be re
duced simply because some consumers might other
wise have invested their own money in some part of 
the resource. Utility acquisition of regionally cost-ef
fective conservation may sometimes pay for measures 
that consumers would have purchased on their own. 
Concern for this "free rider" potential should not 
keep utilities from purchasing all regionally cost-ef
fective conservation. 

Part 2: 
A Process for Resource Acquisition 

Resource development can be a long, costly and risky 
proposition. Large generating projects can cost hundreds 
of millions of dollars. If such plants are constructed, but 
prove unnecessary, utilities face the very expensive pros
pect that public utility commissions will be unwilling to 
include the utilities' investment in rates. Therefore, to the 
extent that the decision to construct a new plant can be 
moved closer to the actual time of need, the developer 
faces substantially less risk. 

The Council decided that one way to help reduce this 
risk was to design an overall approach to acquisition that 
could accommodate resource development by Bonneville, 
regional utilities or private developers. A key feature of 
the resource acquisition process is an "option" concept. If 
the designing, siting and preliminary licensing on a re
source could be completed, and then construction held off 
until later, a developer would effectively have an "option" 
on that resource. This approach draws a fundamental dis
tinction between those initial activities that are less expen
sive, relative to the cost of constructing a large generating 
plant, and a second stage of resource development activi
ties that commences with the decision to build. If a re
source can be held until a subsequent decision to build 
becomes appropriate, a developer, and the region at
large, can be much more confident that additional load 
can be served. Both reduced financial risk and added secu
rity in being able to meet future load growth make the 
options concept a useful element of regional planning. 

The options concept has been widely discussed and 
largely accepted by the region's utility community. This 
process to shorten lead times on resources in the plan 
should receive favorable regulatory treatment to allow the 
region's utilities to meet the range of future load growth 
at the lowest possible cost. 

While the term "option" is used in this chapter to 
describe actions to shorten lead times, the Council recog
nizes that shortening lead times also may refer to reducing 
the overall time required between initial conception and 
actual operation of a plant. For more information, see 
Volume I, pages 36 and 37. 
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The Council realizes that not all resources will need a 
waiting period between the preliminary steps and the deci
sion to build. There is no added value in holding an option 
if it is already clear that added demand calls for new re
sources. In this latter case, the model process outlined 
below can be telescoped, passing quickly through the steps 
that relate to acquiring and holding an option. 

For resources that are not to be kept on hold, the 
Council recognizes that there are numerous approaches to 
acquisition that may fulfill the plan's goal of providing a 
least-cost energy future for the region. Traditional negoti
ation, competitive acquisition and billing credits are just 
some of the mechanisms Bonneville and the other utilities 
may use to acquire resources. Whatever the acquisition 
mechanism, resources selected for Bonneville acquisitions 
should be consistent with the regional least-cost plan, and 
resources acquired by investor-owned utilities should be 
consistent with each utility's least-cost plan. The Council 
expects that these individual plans will have been tested by 
the public utility commissions for consistency with the re
gional plan. 

The model process requires a number of actions by 
several different entities (see Figure 11-1). The most im
portant actions are described in the discussion that fol
lows. The development of any specific resource may 
require modification of the steps outlined in the model 
process presented here. 

This process takes as its starting point the Council's 
plan with its estimated need for new resources, as well as 
the portfolio of least-cost resources to meet that need. 
The plan also calls for incorporating options in the Action 
Plan. Utility selection of specific resources, followed by 
the state and federal siting and licensing decisions, will 
allow the flexibility to construct the lowest cost resources. 
Opportunities for significant public involvement have been 
included throughout this model process. The various enti
ties involved in taking the steps required to shorten re
source lead times and the respective activities of those 
entities are discussed below. 

I. Develop Option Evaluation 
Procedure 

Before acquiring a resource option, utilities need to 
develop procedures for evaluating and selecting among 
candidate options. A procedure allows the utility to assess 
competing alternatives at various stages of the option pro
cess and to identify the best alternatives. 

A. Procedure for Council Review and for 
Addressing Environmental and Fish and 
Wildlife Considerations 

Bonneville and the Council have developed a proce
dure for complying with 1) the requirements of Section 
6(c) of the Northwest Power Act, which provides for Bon-
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neville and Council review of all Bonneville resource ac
quisitions greater than 50 average megawatts to ensure 
they are consistent with the Council's power plan; and 2) 
the National Environmental Policy Act (NEPA). These 
procedures identify when major Bonneville decisions will 
be made and allow for appropriate input from all inter
ested parties. The procedure for Council review will con
sider whether a specific resource is consistent with the 
goals and objectives in the Council's plan and whether the 
project can be developed in an environmentally acceptable 
and cost-effective manner. The Council also will review 
projects to determine their consistency with the Council's 
Columbia River Basin Fish and Wildlife Program, as noted 
below. 

B. Option Evaluation Procedure 

An effective options evaluation procedure should be
gin with an agreement among Bonneville, the Council, 
utilities, the host state and appropriate local governments 
to implement a joint hearings process to complete all 
NEPA and Northwest Power Act reviews, and to secure all 
state and local licenses for resource options. This is not 
the step at which a decision to construct the resource 
would be made, and further environmental review might 
be necessary when that decision is made. The procedures 
for evaluating and selecting projects should appear in the 
requests for qualifications and requests for proposals 
made to utilities and independent developers. 

II. Option Selection 

The Council envisions that the selection process will 
occur during a "window of opportunity" when prospective 
resource developers will respond to a request for proposal. 
The window would close when options have been secured 
on a sufficient number of proposed resources to build an 
adequate inventory of resources "on hold." It would re
open when the inventory has fallen below an established 
threshold level. The concept of soliciting bids from re
source developers is an important part of the selection 
process, one that will encourage competition and help en
sure that low-cost resources are acquired first. 

The goal of a procedure to select options should be to 
minimize overall costs to the region's electrical system and 
to avoid unnecessarily burdening resource developers with 
process. However, there may be a large number of poten
tially acceptable projects within the region for certain re
source types, such as cogeneration and hydropower. It may 
be desirable to use a preliminary screening process for 
these resources before issuing a formal request for bids. 
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Figure 11-1 
One Approach to Acquiring Resources 
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A preliminary screening may have several benefits. 
Some projects may be obviously unsuitable for technical, 
economical or environmental reasons. They can be elimi
nated at this stage, thus reducing the sponsors' and utili
ties' time and effort for proposal preparation and review, 
respectively. Furthermore, projects that pass the initial 
screening are likely to be viewed by their sponsors as hav
ing greater potential. As a result, qualifying sponsors are 
likely to put more effort into developing their proposals, 
thereby providing better evidence for the selection of pro
spective options. Preliminary screening may not be feasi
ble or desirable for resource types with only a few 
candidates and a pre-bidding conference could suffice. 

A. Identify Candidate Resources 

In the plan, the Council has identified categories of 
conservation and generation resources and the order in 
which they should be acquired to meet the forecast range 
of future load uncertainty. These categories provide the 
basis for selecting options that would be consistent with 
the Council's plan. It is expected that future revisions to 
the plan will continue to identify the amounts, categories 
and schedules of conservation and generation resources 
required to meet future loads. 

B. Identify Need for Options 

The options concept will significantly alter the re
gion's selection process for new generating resources. The 
Council will identify categories of resources and call for 
options to meet a range of load growth projections. The 
Action Plan specifies the need to acquire options for these 
resources. 

C. Identify Resources and Assist Resource 
Developers 

Utilities will identify specific projects they believe are 
consistent with the plan and provide technical assistance 
to developers to assess their resources. Through this ef
fort, Bonneville can help to secure a broad base of option 
candidates while ensuring against the loss of resource op
portunities that are consistent with the Council's plan. 
Specific resources will be identified for acquisition through 
a process that begins with a request for qualifications and 
proceeds through a request for proposals from qualified 
developers. 

D. Issue Request for Qualifications 

Utilities may issue a request for qualifications. As a 
preliminary step, such a request gives notice of the re
quest for option candidates and asks interested sponsors 
to submit statements of qualification. The request should 
provide information on the kinds of options being sought, 
including the type and size of resource, development time 
frames and other key conditions and steps in the option 
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and resource acquisition processes. The request for quali
fications may be issued for a specified time period (''win
dow of opportunity") during which any potential 
developers can respond with a statement of their qualifica
tions. The Council expects that this open request will as
sist in identifying all of the potential developers with 
cost-effective resources in the region. This process could 
produce new information about the cost and availability of 
resources, which could lead to Council consideration of 
amendments to the power plan. 

This step and the next two steps may be reduced to a 
pre-bidding conference. At this conference, utilities would 
brief potential resource developers on the characteristics 
of projects that are to be solicited in the request for pro
posal. The purpose of the conference would be to indicate 
the types of projects that are sought and the characteris
tics of each project that is likely to be optioned. 

E. Prepare Statement of Qualification 

Interested resource sponsors may prepare brief state
ments of qualification for their projects. These statements 
should contain information regarding the qualifications of 
the project and sponsor regarding the proposed acquisition 
of options. 

F. Select Qualifying Developers and Projects 

Utilities will review the statements of qualification 
and, in consultation with regulators, the Council, and state 
and local governments, select those that appear to qualify 
as prospective options. 

G. Issue Request for Proposal 

Based on the results of the request for qualifications, 
utilities may issue a request for proposal and invite se
lected resource developers to enter into options contracts. 
The request for proposal process will be open for a speci
fied period or until a specified number of resources are 
selected. It will set forth in detail the technical, economic, 
environmental, fish and wildlife and institutional charac
teristics of the resources sought for optioning, as well as 
describe the options evaluation process, the process of 
purchasing options and the overall resource acquisition 
process. Prior to issuing a request for proposal, utilities 
need to consult with the various state agencies and the 
public on the specific types of resource options being re
quested. This step will ensure consistency with the direc
tions of the plan. 

H. Prepare Detailed Proposal 

Prospective resource developers interested in entering 
into an option agreement would prepare a detailed pro
posal to offer their resource for optioning. This proposal 
should contain information on the technical, economic, 
environmental, fish and wildlife, and institutional charac-
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teristics of their project in enough detail to permit deter
mination of its suitability as an option. 

I. Select Prospective Options 

Upon receiving option proposals from resource devel
opers, utilities will use the evaluation procedure and 
methods described in the request for proposal. This evalu
ation will include consultation with the states to address 
site-specific concerns, and with the Council to ensure that 
selected options are consistent with the Council's plan. 
After these consultations, utilities will enter into formal 
negotiations with resource developers to purchase an op
tion on the resource. 

III. Securing Options 

Option contracts signed at this step will provide for 
completing all requirements of the pre-construction phase 
of development. This typically will require completion of 
preliminary engineering design and environmental asses
sment and securing the state and federal permits and li
censes required for construction. Either sites will be 
purchased or options to purchase them will be acquired. 
For this first phase of the acquisition process to work, re
source developers' costs must be appropriately compen
sated by the utilities, and utilities should be granted 
appropriate rate treatment by the public utility commis
sions. 

A. Execute Option Contract 

Based on the expected cost-effectiveness of the proj
ect and the negotiations between the utilities and the re
source developer, a contract will be offered to purchase an 
option on the project. This contract will identify the legal 
rights of the utility and the developer. At a minimum, 
these rights will include the utility's ability to direct the 
construction start date and the pace of development. 

The Council recognizes that the specific terms and 
conditions of these option contracts will govern both the 
cost and viability of this acquisition approach. For this rea
son, the Council will work with BonneviUe, resource de
velopers and utilities to develop viable option contracts. 

B. Direction of Resource Development 

Utilities will direct the start and pace of project devel
opment. This will allow utilities to match the timing of the 
build decision to the evolving need for resources in the 
region. 

C. Develop Options 

Resource developers will secure an option as directed 
by utilities in the contract and pursuant to state, federal 
and local licenses and permits. At this point, developers 
will complete the key steps of siting, licensing and design-
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ing the project. The utilities then could decide to com
plete construction or to hold the option until needs 
dictated its construction. 

Not all projects will be carried through the option 
phase of development. The economic attractiveness of 
some projects may wane as engineering design advances. 
Other projects may fail to qualify for necessary permits 
and licenses. Nor is it expected that all projects for which 
permits and licenses are obtained will necessarily be con
structed. For example, following completion of the prelim
inary steps, utilities may wish to relinquish projects that 
subsequent analysis indicates are not reliable, are less 
cost-effective than other potential resources or are envi
ronmentally unacceptable. Of course, if the procedures to 
select options are effective, the failure rate should be low. 
But it is important to recognize that not all options ulti
mately will be built. 

D. State Review of Projects and Issuance of 
Necessary Licenses and Permits 

In response to material submitted by utilities, the 
Council and the developer, each state should review the 
project and decide whether to issue the licenses and per
mits necessary to complete the project when it is needed. 
This review will encompass all siting and licensing issues 
with the exception of the critical determination of the ac
tual need for power. Final need will be established as part 
of the "decision to construct" process. 

A joint hearings process could be designed, preferably 
taking the form of a generic "memorandum of under
standing" among each state, Bonneville and the Council. 
Sub-agreements for each proposed option should reflect 
any unique considerations and incorporate participation of 
the appropriate local governments and federal agencies. 
The memorandum of understanding could have the fol
lowing features: 

1. All federal, state and local decision-makers should be 
recognized explicitly as independent bodies whose 
authorities will not be abridged, but who have agreed 
to conduct a single administrative proceeding. In the 
proceedings, each decision-maker can choose the lev
el of its participation, as long as decisions are made 
promptly. 

2. A single administrative process could be established to 
meet the needs of all decision-makers. A single notice 
of hearings, which explains to the public how the pro
cess will work, could be used by all decision-makers. 
Opportunities for legislative and contested case for
mats could be included to meet all administrative re
quirements. The scope of issues would be identified by 
the decision-makers at the outset. The information 
and evidence requirements of each decision-maker 
could be identified at the outset, so that the applicant 
may minimize duplicative studies and reports. The 
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process should have a definite schedule. A single 
hearings examiner, possibly from the state, would ad
minister the hearings. Each decision-maker would be 
free to ask questions or to request additional informa
tion. 

3. There should be a process for holding hearings on 
specific issues at the decision-to-construct stage. 
These hearings should address questions of need for 
power and any significant new information. 

It is expected that utilities, Bonneville and the Coun
cil will consult with the states in the process of developing 
these review procedures. It also is expected that the states 
will have a significant role in the application of the evalua
tion procedures. 

IV Decisions to Construct Resources 

At this stage, developers would make the decision to 
acquire and construct resources to meet regional load. 
The decision to begin construction is separate from the 
decision to begin siting and licensing, and one that may be 
delayed, in the absence of an immediate need for power. 
By making a second decision-a decision to start construc
tion based on current loads and resources-the probability 
and cost of overbuilding resources will be reduced. Prior 
to commencing construction, utilities in consultation with 
the Council would again examine the inventory of options 
to see that the lowest-cost resources were being con
structed. It also would be prudent before construction be
gins to assess whether other lower-cost resources exist 
outside of the inventory of options. 

A. Monitor Viability of Secured Options 

As noted above, it is possible that some resources that 
have been optioned will never be constructed. Holding an 
optioned resource beyond a reasonable lifetime could re
sult in technical or economic problems or regulatory ob
solescence. Utilities could extend options for which 
licenses or permits are about to expire or for which there 
have been significant technological advances. They would 
do so by repeating the previously described steps to decide 
if the project remains an attractive resource. In certain 
cases, it may be desirable to update the design of the re
source to be consistent with current regulatory and envi
ronmental standards. In any event, utilities must 
determine which options remain viable. 

B. Identify Need for Resources 

During its normal planning cycle, the Council will re
vise the plan to update both the inventory of options and 
to recommend that construction begin on particular op
tioned projects. The normal Council process of public re
view and comment, including hearings throughout the 
region, will provide the basis for a regional consensus both 
on the viability of options that have been previously se-
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cured and on the prudence of beginning construction on 
cost-effective and environmentally sound projects. 

C. Consistency with the Power Plan and the 
Northwest Power Act 

In addition to meeting the requirements found in the 
acquisition principles in Part 1, certain acquisitions by 
Bonneville must undergo a review procedure set forth in 
Section 6(c) of the Northwest Power Act. The purpose of 
the procedure is to test consistency with the plan. The Act 
requires Bonneville to perform a public review process on 
any Bonneville proposal to acquire a major resource or to 
implement a conservation measure that will conserve an 
amount of electrical power equivalent to a major resource 
and to determine whether the proposed resource acquisi
tion is consistent with the Council's power plan. A major 
resource is any resource larger than 50 average megawatts 
that is acquired by Bonneville for a period of more than 
five years. 

The Act also provides that "the Council may deter
mine by majority vote of all members of the Council, and 
notify the administrator that the proposal is either consis
tent or inconsistent with the plan" (Section 6(c)(2)). If ei
ther Bonneville or the Council finds the proposal 
inconsistent with the plan, Bonneville must get congres
sional approval before it can proceed with the acquisition. 

In November 1986, after a review process in which 
both Bonneville and the Council accepted broad-based 
public comment, each agency adopted a statement of 
policy regarding its obligations under Section 6(c). The 
Council decided that when it elects to review a Bonneville 
proposal it will do so by a majority vote of all the mem
bers, within 60 days of receiving the Bonneville adminis
trator's determination made pursuant to Section 6(c)(l). 
The Council also outlined the approaches it expects to 
pursue to inform itself regarding the proposal. The Coun
cil adopted the following standard for finding consistency. 

A Bonneville proposal pursuant to Section 6(c)(l) 
of the Northwest Power Act shall be found consis
tent with the Northwest Conservation and Electric 
Power Plan, if it is judged to be so structured that it 
will achieve substantially the goals and objectives of 
the plan in effect at the time the proposal is made. 

The Council's policy was issued on November 12, 
1986, and the complete text is available from the public 
affairs division of the Council's central office (request 
"Statement of Policy-Implementing Section 6(c)"). 

In practice, the Council expects that this review pro
cess should be particularly expeditious in the case of re
sources that have gone through the preliminary steps, but 
then were placed on hold. Much of the review required to 
determine consistency with the plan already will have 
been completed in the preliminary steps outlined in this 
acquisition process. All interested parties, including state 
and local governments, will have had the opportunity to 
address the question of consistency. Unless new informa-

899 



CHAPTER 11 

tion is revealed in either Bonneville's or the Council's 
Section 6(c) review, it is expected that the resource will be 
found to be consistent with the plan. 

Following a finding of consistency by the Council, 
Bonneville will direct the developer of the resource to 
commence construction. 

V. Construct Resource 

At this step in the process, the resource developer, 
with appropriate financial backing, will construct the re
source. Rapid cost escalations and/or major design prob
lems during construction could cause a re-evaluation of 
resources on which construction has begun. Even though 
uncertainty can be reduced through successful implemen
tation of the options concept, it is still possible that some 
projects may not be completed as planned. The Council 
factors into its planning the probabilities that resources 
could be lost at some stage of the acquisition process and 
that replacement resources may be needed. 

Part 3: 
Conditions for Hydropower 
Development 

In response to the Northwest Power Act, the Council 
includes the following conditions in its plan, which re
quires due consideration for protection, mitigation and 
enhancement of fish and wildlife, related spawning 
grounds and habitat. 

I. Protection, Mitigation and 
Enhancement of Fish 

Bonneville should not agree to acquire power from, 
grant billing credits for, or take any other actions under 
Section 6 of the Act, concerning any hydropower develop
ment in the region without providing for: 

1. consultation with interested fish and wildlife agencies 
and tribes, state water management agencies, and the 
Council throughout study, design, construction, and 
operation of the project; 

2. specific plans for flows and fish passage facilities prior 
to construction; 

3. the best available means for aiding downstream and 
upstream migration of salmon and steelhead; 

4. flows and reservoir levels of sufficient quantity and 
quality to protect spawning, incubation, rearing and 
migration; 

5. full compensation for unavoidable fish or fish habitat 
losses through habitat restoration or replacement, 
appropriate propagation, or similar measures that give 
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preference to natural propagation over artificial pro
duction of fish; 

6. assurance that the project will not inundate the usual 
and accustomed fishing and hunting places of any 
tribe; 

7. assurance that the project will not degrade fish habitat 
or reduce numbers of fish in such a way that the exer
cise of treaty rights will be diminished; and 

8. assurance that all fish protection and mitigation mea
sures will be fully operational at the time the project 
commences. 

II. Protection, Mitigation and 
Enhancement of Wildlife 

Bonneville should not agree to acquire power from, 
grant billing credits for, or take other actions under Sec
tion 6 of the Act concerning any hydropower development 
in the region without providing for: 

1. consultation with interested wildlife agencies and 
tribes, state water management agencies and the 
Council throughout study, design, construction and 
operation of the project; 

2. avoiding inundation of wildlife habitat, such as winter 
range or migration routes essential to sustain local or 
migratory populations of significant wildlife species, 
insofar as practical; 

3. timing construction activities, insofar as is practical, to 
reduce adverse effects on nesting and wintering 
grounds; 

4. locating temporary access roads in areas to be inun
dated; 

5. constructing subimpoundments and using all suitable 
excavated material to create islands, if appropriate, 
before the reservoir is filled; 

6. avoiding all unnecessary or premature clearing of all 
land before filling the reservoir; 

7. providing artificial nest structures, when appropriate; 

8. avoiding construction, insofar as is practical, within 
250 meters of active raptor nests; 

9. avoiding critical riparian habitat (as defined in consul
tation with the wildlife agencies and tribes) when 
clearing, riprapping, dredging, disposing of spoils and 
wastes, constructing diversions, and relocating struc
tures and facilities; 
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10. replacing riparian vegetation if natural revegetation is 
inadequate; 

11. creating subimpoundments by diking backwater slough 
areas and creating islands, level ditchings, and nesting 
structures and areas; 

12. regulating water levels to reduce adverse effects on 
wildlife during critical wildlife periods (as defined in 
consultation with the fish and wildlife agencies and 
tribes); 

13. improving the wildlife carrying capacity of undisturbed 
portions of new project areas (through such activities 
as managing vegetation, reducing disturbance, and 
supplying food, cover and water) as compensation for 
otherwise unmitigated harm to wildlife and habitat in 
other parts of the project area; 

14. acquiring land or management rights where necessary 
to compensate for lost wildlife habitat at the same 
time other project land is acquired, and including the 
associated costs in project cost estimates; 

15. funding operation and management of the acquired 
wildlife land for the life of the project; 

16. granting management easement rights on the acquired 
wildlife lands to appropriate management entities; and 

17. collecting data needed to monitor and evaluate the 
results of the wildlife protection efforts. 

III. Protected Areas 

Conflicts over the development of hydropower proj
ects in critical fish and wildlife areas generate cost and 
uncertainty for the region's power system. Mitigating the 
effects of hydropower development on fish and wildlife is 
risky, expensive and time consuming. Lengthy disputes 
have occurred over the possible effects of development 
and over the likelihood that mitigation may be successful. 
Not only are these disputes disruptive, but they add to 
developer costs and utility rates, and leave the region less 
certain about its ability to develop new resources when 
they are needed. 

The Council directed extensive studies of fish and 
wildlife, their spawning grounds and habitat in the region, 
and analyzed alternative means of protecting them from 
further degradation. The Council concluded: 1) the studies 
have identified fish and wildlife resources that are of criti
cal importance to the region; 2) mitigation techniques can
not ensure that all adverse impacts of hydroelectric 
development on these fish and wildlife can be mitigated; 
3) even small hydroelectric projects may have unaccept
able individual and cumulative impacts on these resources; 
4) because of the likely cost and difficulty of developing 
hydroelectric projects in protected areas, the Council con-
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siders these projects unlikely to be reliable and available 
within the time needed for purposes of cost-effectiveness 
determinations under the Northwest Power Act; and 5) 
protecting these resources and habitats from hydroelectric 
development is consistent with an adequate, efficient, eco
nomical and reliable power supply. Accordingly, the Coun
cil, relying on these studies, has designated certain river 
reaches in the region as "protected areas." Protected 
areas are where the Council believes hydroelectric devel
opment would have unacceptable risk of loss to fish and 
wildlife species of concern, their productive capacity and 
their habitat. 

Standards for Bonneville and the Federal Energy Reg
ulatory Commission for hydroelectric projects located in 
the Columbia River Basin are set forth in Section 1103 of 
the Council's Columbia River Basin Fish and Wildlife Pro
gram. Standards for Bonneville and the Federal Energy 
Regulatory Commission for hydroelectric projects located 
outside of the Columbia River Basin are as follows: 

1. River reaches to be protected are those reaches or 
portions of river reaches listed on the "protected 
areas list" adopted by the Council on August 10, 1988, 
or as later amended by the Council. The fish or wild
life to be protected are those indicated on the list for 
each river reach on the protected areas list. The 
Council will supply a copy of the protected areas list 
free of charge on request. 

2. Bonneville should not acquire power from hydroelec
tric facilities located in protected areas. The Council 
believes that the Long-Term Intertie Access Policy's 
reliance on protected areas is consistent with the 
Council's power plan and fish and wildlife program as 
they apply to fish and wildlife in the Columbia River 
Basin. The Council continues to recommend that 
Bonneville adopt a similar policy with respect to pro
tected areas outside the Columbia River Basin. 

3. The Federal Energy Regulatory Commission should 
consider the Council's protected area designations in 
licensing and exemption proceedings. 

4. Protected area designations are not intended to apply 
to: 

a. any hydroelectric facility or its existing impound
men t that had, as of August 10, 1988, been li
censed or exempted from licensing by the Federal 
Energy Regulatory Commission; 

b. the relicensing of such a hydroelectric facility or 
its existing impoundment; 

c. any modification of an existing hydroelectric facil
ity or its existing impoundment; 
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d. any addition of hydroelectric generation facilities 
to a non-hydroelectric dam or diversion structure. 

5. For purposes of cost-effectiveness determinations 
under the Northwest Power Act, energy from projects 
located in protected areas is unlikely to be reliable 
and available within the time it is needed. 

6. Amendments: 

a. Upon receiving a state or tribal comprehensive 
plan or state or tribal river, river basin or wa
tershed plan, the Council will promptly and care
fully consider amending the protected areas list to 
reflect relevant portions of a state or tribal plan. 
With regard to resident fish and wildlife, the 
Council recognizes that individual state and tribal 
interests are particularly strong. 

b. For other amendments to protected areas, the 
Council will follow the processes described in Sec
tion 1303 of the Columbia River Basin Fish and 
Wildlife Program. 

Part 4: 
Acquisition of Reserves by Bonneville 

Under Section 5(d)(3) of the Act, the Bonneville ad
ministrator has discretion to sell additional power to exist
ing direct service industrial customers as a means of 
providing additional power system reserves for the re
gion's firm loads. The Council is required by the Act to 
determine whether such a proposed sale and acquisition of 
reserves is consistent with the power plan. 

In determining whether a particular proposed sale of 
power to an existing direct service industrial customer is 
consistent with the power plan, the Council will be guided 
by the following principles. 

l. Case-by-case detennination. Each sale of additional 
power to a direct service industry will be reviewed on 
its own merits. The Council has not determined 
whether there may be circumstances other than those 
described in paragraphs 2, 3 and 4 below, in which a 
sale of additional power to an existing direct service 
industrial customer may be consistent with the power 
plan. However, the Council believes that a sale that 
has the attributes described below has a higher proba
bility of Council approval than one that does not have 
these attributes. 

2. Nonfirm sales. Sales of additional interruptible (non
firm) power that do not increase net firm resource 
costs for other customers of Bonneville are likely to 
be consistent with the power plan. Net firm resource 
costs mean the firm resource costs after taking into 
consideration the revenues from the sale of the inter
ruptible power. 
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3. Firm sales should be the least costly. Sales of additional 
firm power to an existing direct service industrial cus
tomer are likely to be consistent with the power plan 
only when they result in serving the additional load in 
a manner that is the least costly to the regional power 
system, after taking into consideration alternative 
sources for the power, alternative locations for the 
load, availability and reliability of transmission, provi
sion of reserves and related factors. 

4. Effect of the proposed sale on power planning. Proposals 
for the sale of additional firm power to an existing 
direct service industry beyond its current entitlement 
should include a showing of how the sale will affect 
Bonneville's need for additional resources, and what 
resources are potentially available to serve the load. 

Conclusion 

The Council is keenly aware that the next decade will 
test the region's ability to acquire those resources that will 
ensure a least-cost energy future for the Northwest. The 
acquisition principles set forth by the Council should apply 
to any resource proposal. The Council believes that the 
model acquisition process outlined above is one important 
way to reduce the region's risk of over- or underbuilding 
its resource base. Shortening lead times by using the op
tions process should serve as an important device for re
ducing risk and resource development cost. Of course, this 
process may require modification when applied to any par
ticular resource acquisition. 

The strategy of purchasing options should minimize 
the likelihood that loads and resources will be out of bal
ance, because it will reduce the time between the decision 
to construct a resource and the actual need for the re
source. The option process has the added advantage of 
allowing for the evaluation of the environmental conse
quences of particular resources both when an option is 
taken, as well as when the decision to construct is 
reached. State public utility commissions may offer impor
tant support of this approach to shortening lead times by 
affording favorable rate treatment to the acquisition of 
options. 

In outlining the principles and proposed resource ac
quisition process, the Council also has noted the variety of 
other evaluations that must be made. Section 6(c) applies 
to certain Bonneville proposals to acquire resources. Sec
tion 5(d)(3) applies to others. In all cases, the fish and 
wildlife provisions of the Northwest Power Act must be 
met. Setting these requirements out in advance should 
give all interested parties greater certainty as the region 
takes up the challenge of acquiring sufficient resources to 
meet its energy future at the lowest overall cost. 
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CHAPTER 12 

MODEL CONSERVATION STANDARDS 
AND SURCHARGE METHODOLOGY1 

The Model Conservation Standards 

Introduction 

As directed by the Northwest Power Act, the Council 
has designed model conservation standards to produce all 
electricity savings that are cost-effective for the region. 
The standards are also designed to be economically feasi
ble for consumers, taking into account financial assistance 
from the Bonneville Power Administration and the re
gion's utilities. 

In addition to capturing all cost-effective power sav
ings while maintaining consumer economic feasibility, the 
Council believes that the measures used to achieve the 
model conservation standards should provide reliable sav
ings to the power system. The Council also believes that 
actions taken to achieve the standards should maintain, 
and possibly improve upon the occupant amenity levels 
( e.g., indoor air quality, comfort, window areas, architec
tural styles, and so forth) found in typical buildings con
structed before the first standards were adopted in 1983. 

The Council has adopted six model conservation stan
dards. These include the standard for new electrically 
heated residential buildings, the standard for utility resi
dential conservation programs, the standard for all new 
commercial buildings, the standard for utility commercial 
conservation programs, the standard for conversions, and 
the standard for conservation programs not covered ex
plicitly by the other model conservation standards. 

The Model Conservation Standards for 
New Electrically Heated Residential and 
Commercial Buildings 

Bonneville and the region's utilities should acquire all 
electric energy conservation measure savings from new 
residential and new commercial buildings that are ex
pected to cost less than 11 cents per kilowatt-hour in 
nominal 1990 dollars. 2 The Council believes that through 
a combination of Bonneville programs, other utility pro-
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grams and codes, at least 85 percent of these savings 
should be achieved. 

The Council is committed to capturing all achievable 
electricity savings from the standards as soon as possible. 
The Council believes that the task of capturing all region
ally cost-effective electricity savings in new residential and 
commercial buildings can be accomplished best through a 
combination of more stringent state and local building 
codes and effective Bonneville and utility programs. State 
and local governments have the responsibility of securing, 
through local building codes, at least those energy savings 
that minimize a building's life-cycle cost of construction 
and operation. Bonneville and the region's utilities should 
secure all energy efficiency improvements above and be
yond those captured by local code that are projected to 
produce regionally cost-effective electricity savings. 
Where codes or standards require consumers to invest in 
conservation measures that go beyond their minimum life
cycle cost, Bonneville and the region's utilities should pro
vide financial assistance to consumers to ensure that such 
investments are economically feasible. 

1. This chapter supersedes the Council's previous model con
servation standards and surcharge methodology. These 
amended standards include the model conservation standards 
for the following: new electrically heated residential buildings, 
utility conservation programs for new residential buildings, all 
new commercial buildings, utility conservation programs for 
new commercial buildings, electric space-conditioning system 
conversions, and conservation activities not covered explicitly by 
the other model conservation standards. This amendment also 
includes the Council's recommended surcharge methodology. 

2. See Volume II, Chapter 13, for a discussion of how the 
Council calculates nominal 1990 dollars. 
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The Council has established four model conservation 
standards affecting new buildings. 3 These four standards 
are set forth below. 

1.0 The Model Conservation Standard 
for New Electrically Heated Residential 
Buildings 

The Council's model conservation standard for new 
single-family and multifamily electrically heated residen
tial buildings4 is as follows: New electrically heated resi
dential buildings are to be built to energy-efficiency levels 
at least equal to those that would be achieved by using the 
illustrative component performance paths displayed in 
Thble 12-1 for each of the Northwest climate zones.5 It is 
important to remember that these illustrative paths are 
provided as benchmarks against which other combinations 
of strategies and measures can be evaluated. 

Tradeoffs may be made among the components, as 
long as the overall efficiency and indoor air quality of the 
building are at least equivalent to a building containing 
the measures listed in Table 12-1. Bonneville, in consulta
tion with the Council, should develop other illustrative 
approaches for building to this standard and publish these 
approaches as a codified version of the standard. 

2.0 The Model Conservation Standard 
for Utility Conservation Programs for 
New Residential Buildings6 

The model conservation standard for utility conserva
tion programs for new residential buildings is as follows: 
Utilities are required to do, in accordance with the re
quirements detailed below, one of the following: imple
ment the Bonneville/utility new residential model 
conservation standards program; implement an equivalent 
alternative program; rely on building codes/utility service 
standards that capture all regionally cost-effective space 
heating, water heating and appliance energy savings; or 
establish service charges/fees for buildings and appliances 
that are not built to regionally cost-effective efficiency 
levels. The Bonneville/utility residential model conserva
tion standards program consists of an aggressive marketing 
and financial assistance program made available to home 
builders by Bonneville and the local utility.7 Under this 
program, a new residence is to be certified by the utility 
when it is equivalent in efficiency to a home that contains 
all regionally cost-effective conservation measures built 
into or installed in the home at time of construction. 
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Financial Assistance 

Financial assistance offered through the Bonneville/ 
utility new residential model conservation standards pro
gram should be no less than the difference in net present 
value between a house that minimizes the consumer's life
cycle cost of electric space heating, water heating, lighting 
and of using major electrical appliances and a house with 
these same end uses built to the maximum cost-effective 
levels of efficiency for the regfon. The maximum financial 
assistance should be the regional cost-effectiveness limit 
for lost-opportunity resources. Bonneville and the re
gion's utilities should provide financial assistance at levels 
sufficient to achieve 85 percent of the savings that would 
be achieved if all residential buildings contained all re
gionally cost-effective conservation measures built into or 
installed in the home at time of construction. Efforts to 
achieve the model conservation standard's penetration 
goal should continue as long as the program remains re
gionally cost-effective. In evaluating the program's cost
effectiveness, all costs, including utility administrative 
costs and financial assistance payments, should be taken 
into account. 

3. For the sake of brevity, the terms "construction," "new con
struction," "new buildings," "new residential buildings," and 
"new commercial buildings" are used throughout this rule to 
include major remodels and renovations of existing buildings, 
where such renovations and remodels involve lost-opportunity 
resources. 

4. Single-family residences are defined to include duplexes. 
Multifamily residences include triplexes and larger structures up 
to and including four-story, low-rise residential structures. This 
standard applies to site-built residences and not to residences 
that are regulated under the National Manufactured Housing 
Construction and Safety Standards Act of 1974. 42 USC §5401 
~.(1983). 

5. The Council has established climate zones for the region 
based on the number of heating degree days as follows: Zone 
1-4,000-6,000 heating degree days; Zone 2-6,000-8,000 heat
ing degree days; and Zone 3-over 8,000 heating degree days. 

6. This standard applies to site-built residences and to resi
dences which are regulated under the National Manufactured 
Housing Construction and Safety Standards Act of 1974. 42 
use §5401 ~- (1983). 

7. Super Good Cents is the current name given to the Bonne
ville marketing program to encourage residential construction 
at the model conservation standards level of efficiency. Bonne
ville should review its current Super Good Cents program to 
ensure that this program secures all regionally cost-effective 
savings in as efficient and innovative a manner as possible. 
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Table 12-1 
Illustrative Paths for the Model Conservation Standard 

for New Electrically Heated Residential Buildings 

Climate Zone 

Component Zone 1 Zone 2 Zone 3 

Ceilings 
. 

Attic R-38 (U-0.031? R-38 (U--0.031)3 R-49 (U-0.020)b 
. 

Vaults R-38 (U-0.027) R-38 (U-0.027) R-38 (U-0.027) 

Walls 
. 

Above Gradec R-19 (U--0.058) R-24 (U-0.044) R-26 (U-0.040) 

• Below Graded R-19 R-19 R-19 

Floors 

• Crawlspaces and 
Unheated Basements R-30 (U-0.029) R-30 (U-0.029) R-30 (U--0.029) 

• Slab-on-grade Perimeterse R-10 R-10 R-10 

Glazingf R-2.5 (U-0.40) R-2.5 (U-0.40) R-2.5 (U--0.40) 

Maximum Glazed Area (% floor area) 15 15 15 

Exterior Doors R-5 (U--0.19) R-5 (U--0.19) R-5 (U--0.19) 

Assumed Thermal Infiltration Rateg 0.35 ach 0.35 ach 0.35 ach 

Mechanical Ventilationh See footnote h, below. See footnote h, below. 

Service Water Heater Energy Factor = 0.95 Energy Factor = 0.95 

a R-values listed in this table are for the insulation only. U-factors listed in this table are for the full assembly of the respective 
component and are based on the methodology defined in the Super Good Cents Heat Loss Reference-Volume I: Heat Loss Assump-
tions and Calculations and Super Good Cents Heat Loss Reference-Volume II-Heat Loss Coefficient Tables, Bonneville Power Admin-
istration (October 1988). 

b Attics in single-family structures in Zone 3 shall be framed using techniques to ensure full insulation depth to the exterior of the 
wall. Attics in multifamily buildings in Zone 3 shall be insulated to nominal R-38 (U-0.031). 

C All walls are assumed to be built using advanced framing techniques (e.g., studs on 24-inch centers, insulated headers above doors 
and windows, and so forth) that minimize unnecessary framing materials and reduce thermal short circuits. Multifamily exterior walls 
above grade in Zone 3 shall be insulated to a nominal R-24 (U-0.044). 

d Only the R-value is listed for below-grade wall insulation. The corresponding heat-loss coefficient varies due to differences in 
local soil conditions and building configuration. Heat-loss coefficients for below-grade insulation should be taken from the Super 
Good Cents references listed in footnote "a" for the appropriate soil condition and building geometry. 

e Only the R-value is listed for slab-edge insulation. The corresponding heat-loss coefficient varies due to differences in local soil 
conditions and building configuration. Heat-loss coefficients for slab-edge insulation should be taken from the Super Good Cents 
references listed in footnote "a" for the appropriate soil condition and building geometry and assuming a thermally broken slab. 
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Table 12-1 ( cont.) 
Illustrative Paths for the Model Conservation Standard 

for New Electrically Heated Residential Buildings 

U-factors for glazing shall be the tested values for thermal transmittance due to conduction obtained by use of either the Ameri
can Architectural Manufacturers Association (AAMA) 1503.1-1988 test procedure or the American Society for Testing and Materials 
(ASTM) C236 or C976 test procedures. Testing shall be conducted under established winter horizontal heat-flow test conditions using 
a 15-mile-per-hour wind speed and product sample sizes specified under AAMA 1503.1-1988. Testing shall be conducted by a certi
fied testing laboratory. When insulating glass is used, it shall be tested and certified under a Society of Insulated Glass Manufacturers 
of America (SIGMA) approved certification program as class "A," in accordance with ASTM E-744-81. EXCEPTION: Site-built 
fixed glazing shall be exempt from the thermal testing requirements, provided that it is installed either in an aluminum frame having 
a minimum 0.25-inch low-conductance thermal break or in vinyl or wood framing in accordance with SIGMA glazing specifications; 
and provided further that site-built, double-glazed units with fixed panes shall have a dead air space between panes of not less than 
1/2 inch and site-built, triple-glazed units with fixed panes shall have a dead air space between panes of not less than 1/4 inch. 

g Assumed air changes per hour (ach) used for determination of thermal losses due to air leakage. 

h Indoor air quality should be comparable to levels found in non-model conservation standards dwellings built in 1983. To ensure 
that indoor air quality comparable to 1983 practice is achieved, Bonneville's programs must include pollutant source control (includ
ing, but not limited to, combustion by-products, radon and formaldehyde), pollutant monitoring, and mechanical ventilation, that 
may, but need not, include heat recovery. An example of source control is a requirement that wood stoves and fireplaces be provided 
with an outside source of combustion air. At a minimum, mechanical ventilation shall have the capability of providing the outdoor air 
quantities specified in the American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc. (ASHRAE) Standard 
62-89, Ventilation for Acceptable Indoor Air Quality. Natural ventilation through operable exterior openings and infiltration shall not 
be considered acceptable substitutes for achieving the requirements specified in ASHRAE Standard 62-89. 

Submission of Utility Plans for Compliance 
with the Model Conservation Standard for New 
Residential Programs 

Utilities should submit a plan to Bonneville declaring 
how they intend to meet the model conservation standard 
for utility conservation programs for new residential build
ings. The goal for such programs is to obtain, in combina
tion with codes, service standards and/or fees and other 
regional programs at least 85 percent of the savings that 
would have been obtained if all new residential buildings 
had been constructed with all regionally cost-effective 
electric space heating, water heating and appliance effi
ciency measures built into or installed in the home at time 
of construction.8 The dates Bonneville sets for utility plan 
submission and implementation should reflect the need 
for a smooth transition from the current Bonneville/utility 
model conservation standard program for new electrically 
heated residences (i.e., Super Good Cents or its equiva
lent) to the revised program. It also should reflect the ur
gent need to capture all regionally cost-effective 
lost-opportunity resources in new residential buildings. A 
utility may change its declaration, subject to the same 
Bonneville approvals required for the initial plan submis
sions. 

There are several ways utilities can comply with the 
model conservation standard for utility conservation pro
grams for new residential buildings. These are: 

1. Submit to and have approved by Bonneville a declara
tion that a code for residential buildings that captures 
all regionally cost-effective space heating, water heat
ing and appliance energy savings, has been or will be 
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adopted and enforced by a state and/or local govern
ment no later than a date to be specified by Bonne
ville, 9 and annually thereafter. 

2. Submit to Bonneville a declaration agreeing to adopt 
and implement the Bonneville/utility model conserva
tion standard program for new electrically heated resi
dential buildings not later than a date specified by 
Bonneville. 

3. Submit to and have approved by Bonneville an alter
native program that will be implemented and/or en
forced not later than a date specified by Bonneville. 
This alternative program should be capable of provid
ing savings equivalent to the Bonneville/utility new 
residential model conservation standards program and 
not duplicate the acquisition of other resources that 
are already in the Council's plan. Alternative pro
grams may include, but are not limited to, state or 
local government or utility marketing programs, finan
cial assistance, codes/utility service standards or fees 
that achieve all regionally cost-effective savings, or 

8. Eighty-five percent is the level of compliance that the 
Council believes is achievable. 

9. State and/or local adoption of codified versions of the mod
el conservation standard for new electrically heated residential 
buildings (i.e., the Northwest Energy Code, December 1990), or 
an equivalent code does not satisfy the model conservation 
standard for utility conservation programs for new residential 
buildings because such codes do not capture all regionally cost
effective electricity savings. 
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combinations of these and/or other measures to en
courage energy-efficient construction of new residen
tial buildings and the installation of energy efficient 
water heaters and appliances, or other lost-opportun
ity conservation resources. 

3.0 The Model Conservation Standard 
for New Commercial Buildings 

The Council's model conservation standard for new 
commercial buildings is as follows: by January 1992, new 
commercial buildings and existing commercial buildings 
that undergo major remodels or renovations are to be con
structed to achieve savings equivalent to those achievable 
through constructing buildings to the American Society of 
Heating, Refrigerating and Air-Conditioning Engineers, 
Inc. (ASHRAE) and the Illuminating Engineering Society 
of North America (IES) Standard 90.1-1989 Energy Effi
cient Design of New Buildings Except Low-Rise Residential 
Buildings with the following modifications: 

L The lighting requirements for new commercial build
ings are those specified in Section 435.103 Lighting of 
the U.S. Department of Energy's Energy Conservation 
Voluntary Perfonnance Standard for New Commercial 
and Multifamily High Rise Residential Buildings (10 
CFR Part 435, January 30, 1989), except that determi
nation of the Interior Lighting Power Allowance shall 
be based on the building's gross square footage and 
include only permanently installed lighting. 

2. The minimum efficiencies for electric heating, venti
lating, air conditioning, service water heating equip
ment and electric motors are those specified as 
applicable on January 1, 1992, in ASHRAE/IES Stan
dard 90.1-1989 for all products not covered by the 
National Appliance Efficiency Act of 1987. The mini
mum efficiencies for equipment covered by the Na
tional Appliance Efficiency Act of 1987 are those set 
forth in that statute or developed through rulemaking 
pursuant to the statute. 

3. The application of the "Building Energy Cost Budget 
Method" (Section 13 of ASHRAE/IES Standard 
90.1-1989) shall be limited to the comparison of an
nual design energy use as an alternative compliance 
path. 

4. The application of this standard to existing buildings 
shall be consistent with the intent of Section 101.3.2 
(Application to Existing Buildings) of the Northwest 
Energy Code, Model Conservation Standards Equivalent 
Code (December 1990). 

The Council finds that measures required to meet the 
ASHRAE/IES Standard 90.1-1989, as modified by this 
rule, are commercially available, reliable and economically 
feasible for consumers without financial assistance from 
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Bonneville. The Council also finds that the measures re
quired to meet the ASHRAE/IES 90.1-1989, as modified 
by this rule, do not capture all regionally cost-effective 
savings. In order to capture these savings, the Council has 
established a model conservation standard for utility con
servation programs for new commercial buildings. 

Illustrative ways for a commercial building to meet 
this standard are described in those portions of Bonne
ville's Model Conservation Standards Equivalent Code 
Amendments to the Model Energy Code, December 1990, 
or Model Conservation Standards Equivalent Code to 
Chapter 53 of the Uni[ onn Building Code, December 1990, 
which apply to all buildings except low-rise residential 
buildings. As with the residential model conservation stan
dard, flexibility is encouraged in designing paths to achieve 
the commercial model conservation standards. 

4.0 The Model Conservation Standard 
for Utility Conservation Programs for 
New Commercial Buildings 

The model conservation standard for utility conserva
tion programs for new commercial buildings is as follows: 
Utilities are required to implement, in accordance with 
the requirements detailed below, the Bonneville/utility 
new commercial model conservation standard program, 
implement an equivalent alternative program, or rely on 
building codes that capture all regionally cost-effective 
electricity savings. The Bonneville/utility new commercial 
model conservation standards program consists of an 
aggressively marketed technical and financial assistance 
program10 made available by Bonneville and local utilities 
to commercial building developers and owners. 

Financial Assistance 

Financial assistance offered through the Bonneville/ 
utility new commercial model conservation standards pro
gram should be no less than the difference in net present 
value between a building built to levels of efficiency that 
minimize the consumer's life-cycle cost and a building 
built with all regionally cost-effective conservation mea
sures. The maximum financial assistance should be the 
regional cost-effective limit for lost-opportunity re
sources. Bonneville and the region's utilities should set 
the financial assistance at levels sufficient to achieve 85 
percent of the savings that would be achieved if all new 
commercial buildings and all existing commercial buildings 
undergoing major remodels or renovations were con
structed with all regionally cost-effective electricity con
servation measures. Efforts to achieve the penetration 

10. Energy Smart Design is the name given to the Bonneville 
marketing program to encourage commercial construction that 
captures all regionally cost-effective electricity savings. 
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goal of the model conservation standards for new com
mercial buildings should continue as long as the program 
remains regionally cost-effective. In evaluating the pro
gram's cost-effectiveness all costs, including utility admin
istrative costs and financial assistance payments, should be 
taken into account. 

Submission of Utility Plans for Compliance 
with the Model Conservation Standard for 
Commercial Programs 

Utilities should submit to and have approved by Bon
neville a plan declaring how they intend to meet the mod
el conservation standard for utility conservation programs 
for new commercial buildings. The ultimate goal for such 
programs is to obtain, in combination with codes and other 
regional programs, at least 85 percent of the savings that 
would have been obtained if all new commercial buildings 
and all existing commercial buildings undergoing major 
remodels or renovations had been constructed with all 
regionally cost-effective electricity conservation mea
sures.11 The dates Bonneville sets for utility plan submis
sion and plan implementation should reflect the urgent 
need to capture all regionally cost-effective, lost-oppor
tunity savings in new and existing commercial buildings. In 
subsequent years, a utility may change its declaration, sub
ject to the same Bonneville approvals required for the 
initial plan submission. 

There are several ways utilities can comply with the 
model conservation standard for utility conservation pro
grams for new commercial buildings. These are: 

1. Submit to and have approved by Bonneville a declara
tion that a code for new commercial buildings that 
captures all regionally cost-effective electricity savings 
has been or will be adopted and enforced by a state 
and/or local government not later than the date speci
fied by Bonneville, 12 and annually thereafter. 

2. Submit to Bonneville a declaration agreeing to adopt 
and implement the Bonneville/utility new commercial 
model conservation standard program not later than a 
date specified by Bonneville. 

3. Submit to and have approved by Bonneville an alter
native program that will be implemented and enforced 
not later than a date specified by Bonneville. This 
alternative program should be capable of providing 
savings equivalent to the Bonneville/utility new com
mercial model conservation standard program and not 
duplicate acquisition of other resources that are al
ready in the Council's plan. Alternative programs may 
include, but are not limited to, state or local govern
ment or utility marketing programs, financial assis
tance, codes that capture all the regionally 
cost-effective savings available from the model con
servation standards for new commercial buildings, 
utility service standards or fees or combinations of 
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these and/or other measures to encourage energy
efficient construction of new commercial buildings or 
other lost-opportunity conservation resources. 

Surcharge Recommendation 

The Council, pursuant to Section 4(f)(2) of the Act, 
recommends that a 10-percent surcharge be imposed on 
utilities that have not complied with the deadlines estab
lished above to submit to Bonneville: 1) a plan for imple
mentation of the Bonneville/utility new residential and 
new commercial model conservation standards programs; 
2) a plan for implementation of an alternative program, 
which is approved by Bonneville as being equivalent, as set 
forth above; 3) or a declaration, approved by Bonneville, 
that the model conservation standards for new residential 
and new commercial buildings will be met by building 
codes that capture all regionally cost-effective electricity 
savings. This surcharge should continue in effect until a 
utility has filed a plan or declaration and has obtained the 
necessary Bonneville approvals. Bonneville should judge 
whether alternative plans will be as effective as the Bon
neville/utility conservation programs for new residential 
and new commercial buildings in contributing to the re
gional goal of achieving 85 percent of all regionally cost
effective electricity savings. 

Exemptions 

The Council finds there is no need for exemptions at 
this time. If Bonneville finds that hardship exists, Bonne
ville should assist in the implementation of the Bonne
ville/utility new residential and/or new commercial model 
conservation programs in those jurisdictions. 

Minimum Performance Standard 

The Council does not propose a minimum perform
ance standard for utilities to achieve in the operation of 
conservation programs for new residential and commercial 
buildings in this plan. However, the Council remains 
strongly convinced that, given the value of the model 

11. Eighty-five percent is the level of compliance that the 
Council believes is achievable. 

12. State and/or local adoption of codified versions of ASH
RAE/IES Standard 90.1-1989, the U.S. Department of Ener
gy's Energy Conse,vation Voluntary Pe,fonnance Standard for 
Commercial and Multi-family High Rise Residential Buildings, 
the codified versions of the model conservation standard for 
new commercial buildings (i.e., the Northwest Energy Code, 
December 1990) or an equivalent code does not satisfy the 
model conservation standard for utility conservation programs 
for new commercial buildings. These codes/standards, without 
additional modifications that go beyond those specified in the 
model conservation standard for new commercial buildings, do 
not capture all regionally cost-effective electricity savings. 
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conservation standards to the region, utilities should be 
responsible for working vigorously to attain the model 
conservation standards in their service territories. Bonne
ville should measure and report to the Council the per
formance of utilities in attaining the goals of the model 
conservation standards for new residential and commercial 
buildings. 

5.0 The Model Conservation Standard 
for Buildings Converting to Electric 
Space Conditioning or Water Heating 
Systems 

The Council's model conservation standard for resi
dential and commercial buildings converting to electric 
space conditioning or water heating systems is as follows: 
State or local governments or utilities should take actions 
through codes, service standards, user fees or alternative 
programs or a combination thereof to achieve electric 
power savings from such buildings. These savings should 
be comparable to those that would be achieved if each 
building converting to electric space conditioning or elec
tric water heating were upgraded to include all regionally 
cost-effective electric space heating and electric water 
heating conservation measures. 

Financial Assistance 

The Council recommends that no financial assistance 
be offered to consumers to offset the cost of conservation 
investments that are required prior to conversion to an 
electric space conditioning or water heating system from 
another energy form. 

Surcharge Recommendation 

The Council believes that utilities should adopt con
version standards. However, at this time the Council does 
not recommend that a surcharge be imposed for failure to 
act accordingly. 

6.0 The Model Conservation Standard 
for Conservation Programs not Covered 
by Other Model Conservation Standards 

This model conservation standard applies to all con
servation actions except those covered by the model con
servation standard for new electrically heated residential 
buildings, the standard for utility conservation programs 
for new residential buildings, the standard for all new 
commercial buildings, the standard for utility conservation 
programs for new commercial buildings and the standard 
for electric space conditioning and electric water heating 
system conversions. This model conservation standard is as 
follows: All conservation programs should be operated in 
a manner consistent with the long-term goals of the re-
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gion's electrical power system. In order to achieve this 
goal, the following objectives should be met: 

1. Conservation acquisition programs should be designed 
to capture all regionally cost-effective conservation 
savings in a manner that does not create lost-oppor
tunity resources. A lost-opportunity resource in a con
servation measure or program is one that, due to 
physical or institutional characteristics, will lose its 
cost-effectiveness unless actions are taken now to 
develop it or hold it for future use. Installing only the 
easiest and least-expensive conservation measures 
(referred to as "cream skimming"), for example, often 
can mean that it is no longer cost-effective to return 
to install added measures. 

2. Conservation acquisition programs should be designed 
to secure all measures in the most cost-effective man
ner possible. Expenditures for acquiring conservation 
resources should recognize that administrative costs 
and incentive payments must be balanced to achieve 
the lowest overall cost for the resource. Under some 
circumstances, for example, it may be more cost-ef
fective to pay for all of the conservation measures 
than to incur the administrative costs associated with 
partial payments. 

3. Conservation acquisition programs should acknowl
edge that for certain measures there is a limited 
"window of opportunity" during which all of the con
servation potential should be secured. In some cases, 
this will mean matching the conservation acquisitions 
to the schedule of the host facilities. In industrial 
plants, for example, retrofit activities should match 
the plant's scheduled downtime; in the commercial 
sector, measures should be installed at the time of 
renovation or remodel; and in all sectors, energy code 
revisions should incorporate all regionally cost-effec
tive measures. 

4. Conservation acquisition programs should be designed 
to ensure that regionally cost-effective levels of effi
ciency are economically feasible for the consumer. 
Economic feasibility is defined as that level of conser
vation investment that results in lowest life-cycle cost 
to the consumer. Conservation investments beyond 
that point, which result in electricity savings that are 
cost-effective for the region, should be paid for by the 
region's utilities. 

5. Conservation acquisition programs should be designed 
so that their benefits are distributed equitably 
throughout the region. If the program is operated on 
less than a regional level, its benefits should be dis
tributed equitably throughout its target market area. 

6. Conservation acquisition programs should be designed 
to maintain or enhance environmental quality. Acqui-
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sition of conservation measures that result in environ
mental degradation should be avoided or minimized. 

7. Conservation acquisition programs should be designed 
to enhance the region's ability to refine and improve 
programs as they evolve. Acquisition programs should 
undergo both process and impact evaluations. These 
evaluations should provide reliable information that 
can be used to verify program costs and savings and to 
improve future programs and estimates of conserva
tion's cost and availability. 

8. Conservation acquisition programs should be designed 
to encourage increased electrical energy efficiency 
and should not be used to increase the market pene
tration of electricity. Marketing programs, while po
tentially an effective means of securing conservation 
savings, should not attempt to influence a consumer's 
choice of fuel. 

9. Conservation acquisitions should be given credit for 
characteristics that are not specifically accounted for 
in the Council's computation of regional cost-effec
tiveness. For example, because conservation actions 
may avoid the need for increased transmission capac
ity, such actions should be assigned an appropriate 
credit for this impact on transmission system needs. 

10. Conservation acquisition efforts should not be re
duced, on the ground that some consumers might 
otherwise have invested their own money in increased 
efficiency. Utility acquisition of regionally cost-effec
tive conservation may sometimes pay for measures 
that some consumers would have purchased on their 
own. Concern for this "free-rider" potential should 
not keep utilities from purchasing all regionally cost
effective conservation. 

Surcharge Recommendation 

The Council is not at this time recommending that 
this model conservation standard be subject to a sur
charge. 

Surcharge Methodology 

Section 4(f)(2) of the Northwest Power Act provides 
for Council recommendation of a 10 percent to 50 percent 
surcharge on Bonneville customers for those portions of 
their regional loads that are within states or political sub
divisions that have not, or on customers who have not 
implemented conservation measures that achieve sav~gs 
of electricity comparable to those that would be obtained 
under the model conservation standards. The purpose of 
the surcharge is twofold: 1) to recover costs imposed on 
the region's electric system by failure to adopt the model 
conservation standards or achieve equivalent electricity 
savings; and 2) to provide a strong incentive to utilities and 
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state and local jurisdictions to adopt and enforce the stan
dards or comparable alternatives. 

Bonneville's administrator is responsible for imple
menting the surcharge in accordance with the Council 
methodology for the surcharge calculation. The Council 
recommends that the Bonneville administrator impose 
surcharges as specified above. The method is set out be
low. 

Identification of Customers Subject to 
Surcharge 

In accordance with the schedule set forth above, the 
administrator should identify those customers, states or 
political subdivisions that have failed to comply with the 
model conservation standards for utility residential and 
commercial conservation programs, including meeting all 
filing deadlines. 

Calculation of Surcharge 

The annual surcharge for non-complying customers or 
customers in non-complying jurisdictions is then calcu
lated by the Bonneville administrator as follows: 

1. If the customer is purchasing firm power from Bonne
ville under a power sales contract and is not exchang
ing under a residential purchase and sales agreement, 
the surcharge is 10 percent of the cost to the customer 
of all firm power purchased from Bonneville under 
the power sales contract for that portion of the cus
tomer's load in jurisdictions not implementing the 
model conservation standards or comparable pro
grams. 

2. If the customer is not purchasing firm power from 
Bonneville under a power sales contract, but is ex
changing (or is deemed to be exchanging) under a res
idential purchase and sales agreement, the surcharge 
is 10 percent of the cost to the customer of the power 
purchased ( or deemed to be purchased) from Bonne
ville in the exchange for that portion of the custom
er's load in jurisdictions not implementing the model 
conservation standards or comparable programs. 

3. If the customer is purchasing firm power from Bonne
ville under a power sales contract and also is exchang
ing ( or is deemed to be exchanging) under a 
residential purchase and sales agreement, the sur
charge is: a) 10 percent of the cost to the customer of 
firm power purchased under the power sales contract; 
plus b) 10 percent of the cost to the customer of pow
er purchased from Bonneville in the exchange (or 
deemed to be purchased) multiplied by the fraction of 
the utility's exchange load originally served by the util
ity's own resources. 
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This calculation of the surcharge is designed to elimi
nate the possibility of surcharging a utility twice on 
the same load. In the calculation, the portion of a util
ity's exchange resource purchased from Bonneville 
and already surcharged under the power sales contract 
is subtracted from the exchange resources before es
tablishing a surcharge on the exchange load. 

Evaluation of Alternatives and 
Electricity Savings 

A method of determining the estimated electrical en
ergy savings of an alternative conservation plan should be 
developed in consultation with the Council and included 
in Bonneville's policy to implement the surcharge. 
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Introduction 

The Council's planning process involves a number of 
analytical steps, including estimation of quantities and 
costs of resources, projection of future demand for elec
tricity under a variety of assumptions, and simulation of 
the operation of the regional power system to meet de
mands with alternative sets of resources. All of these ana
lytical steps require that values for a number of financial 
variables be assumed. Consideration of these assumptions 
is important for two reasons. First, the values used directly 
influence the outcome of the analysis, and, second, the 
values used in the various components of analysis must be 
consistent. 

A number of financial variables influence the Coun
cil's planning process. Like many components of the 

Council's analysis, the values of these variables cannot be 
known with absolute certainty. This chapter describes the 
major issues and the reasoning behind the values adopted 
by the Council. It also provides an explanation of terms 
used throughout this chapter: nominal dollars, real dol
lars, present value, levelized cost and discount rate. Fol
lowing this explanation, two categories of variables are 
examined: 1) cost of capital, including the general level of 
prices, home mortgage rates and the cost of capital for 
regional resource acquisition; and 2) the social discount 
rate-the rate used for converting streams of regional 
costs to present values. 

The values used in the 1991 Power Plan are summa
rized and compared to those of the 1986 Power Plan in 
Table 13-1. 

Table 13-1 
Financial and Economic Assumptions for 1986 and 1991 Power Plans 

Variable 1986 Real 1991 Real 1991 Nominala 

Inflation b 5% 

Home Mortgages 6.2% 5% 10.3% 

Resource Acquisition 

• Debt (investor-owned utilities) 7% 6% 11.3% 

• Equity (investor-owned utilities) 8.5% 7.5% 12.9% 

• Debt (public utilities) 4% 3% 8.2% 

• Debt (Bonneville) 5% 4% 9.2% 

Social Discount Rate 3% 3% 8.15% 

a Nominal values calculated using 5-percent inflation. 
b 1986 plan assumed 5-percent inflation. 
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Explanation of Terms 

Nominal Dollars and Real Dollars 

Inflation distorts the apparent costs of any energy re
source, making it appear to cost more if it is purchased at 
a later time. To control for this distortion, three concepts 
are used. Nominal dollars are the actual expenditure of 
dollars over time and include the effects of inflation. 
Therefore, nominal dollars are dollars that, at the time 
they are spent, have no adjustments made for the amount 
of inflation that has affected their value over time. Real 
dollars adjust nominal expenditures to account for the ef
fects of inflation. By correcting for the impact of inflation 
on a dollar's purchasing power, a real dollar represents 
constant purchasing power or "real" value. That is, a real 
dollar has the same value relative to the ability to pur
chase goods and services in 1995 that it had in 1990. To 
convert nominal dollar costs to real dollar costs, a base 
year is chosen, and all costs are converted to that year's 
dollars; i.e., the inflation that occurs between years is re
moved. Real dollars can be compared across the board, 
regardless of the year, because they represent equal pur
chasing power. The Council used a 1990 base year and a 
forecast inflation rate of 5 percent per year. 

Present Value and Levelized Cost 

Even after costs are converted to real 1990 dollars, it 
is difficult to compare the costs of different resources, 
because costs occur in different years. For instance, a hy
dropower project involves a large outlay at the beginning 
for construction, but the fuel (water) is essentially free 
after completion. An oil- or gas-fired combustion turbine 
has a low construction cost, but the fuel cost is high and 
may even escalate in real terms (i.e., it may get more ex
pensive to run even after removing the effect of inflation). 

Because of the various resources available in the re
gion and the different capital and operating cost structures 
associated with each, two methods may be used to place 
resources on even footing for cost comparison. Present val
ue and levelized cost are the methods used. Present value 
implies that money has a time value. That is, when money 
is spent is as important as the amount of money spent. A 
dollar is worth more today than it is a year from now be
cause it could be invested during the year to earn a finan
cial return. A year from now, a dollar is converted back to 
its present value by calculating, over the year, the interest 
or return foregone. Present value then allows the equal 
comparison of costs of energy resources by using a stan
dard discount rate to convert all costs, no matter when 
they occur, back to a lump sum at the start of the plan. 
The uniform series of costs that has the same present val
ue as a resource's particular non-uniform series of costs is 
called the resource's levelized cost. For instance, the lump 
sum amount borrowed from a bank is the present-value 
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cost of buying a house; the mortgage payment is the leve
lized cost. 

Values can be levelized in either real or nominal 
terms. A resource's lifetime is important in the calculation 
of a nominal levelized cost. Even assuming that the re
source is replaced by the same kind of resource at the end 
of its lifetime, which is typically done in this kind of calcu
lation, a nominal levelized value will vary depending on 
lifetime compared to a real levelized value for the same 
resource. These concepts are illustrated in Figures 13-1 
through 13-4 and are discussed further below. 

Discount Rate 

The value of money over time to the Northwest rate
payer is used in calculating present values and levelized 
costs and is called the discount rate. The discount rate 
used for the Council's analyses was an inflation-free, real 
rate of 3 percent. Nominal interest rates consist of a real 
rate and an inflation premium. Nominal costs are con
verted to present values by applying a nominal discount 
rate of 8.15 percent. This rate combines the real discount 
rate of 3 percent and a 5 percent rate of inflation. 

Example 

The application of all these concepts to a generic gen
erating plant is illustrated in Figures 13-1 through 13-4. 
This is only a numerical example, and the costs for this 
hypothetical generating plant do not necessarily agree 
with any specific plants used in the resource portfolio. The 
concepts are the same for all resources; only the actual 
costs would differ. The example plant produces 250 aver
age megawatts and comes online in 1996. Figure 13-1 
shows the nominal (actual) expenditures for the plant 
through construction and during its operation. The line 
labeled "Construction Cost" represents the cumulative 
construction costs from the start of the project in 1991 to 
the time it comes online in 1996. The total capital cost is 
$909.6 million, which includes labor and materials of 
$745.7 million and interest of $163.9 million. For the pur
pose of this example, it is assumed that these construction 
costs and other associated capital costs, such as income 
taxes and property taxes, are repaid to lenders at a uni
form rate of $150.3 million a year beginning in 1996. 
Those annual payments are represented by the ''Actual 
Capital Costs" line. The line labeled ''Actual Operating 
Expenses" rises faster than the rate of inflation due to 
real increases in the cost of fuel. Operating expenses start 
at $80.8 million per year and rise to $380.5 million per 
year by the end of the plant's 30-year life. Again, all costs 
in this chart include the effects of inflation over time. 
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Nominal 
Dollar 
Expenditures 

Figure 13-1 
Actual Nominal 
Dollar Expenditures 

Capital 
Costs 

Figure 13-2 
Capital Costs 
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Figure 13-2 takes the "Actual Capital Costs" line 
from Figure 13-1 and demonstrates the conversion of 
nominal dollars to real dollars by applying the present-va
lue and levelized-cost concepts. 'The line labeled "Actual 
Capital Costs" represents the repayment of the construc
tion and other capital costs from 1996 forward. Those 
costs remain constant despite inflation over time. By con
verting to real costs, hence adjusting for inflation (line 
labeled "Real 1996 Dollars"), the effect of inflation upon 
the nominal repayment costs is illustrated. Starting in 
1996, capital recovery commences at a fixed payment of 
$150.3 million per year. Over the years, repayment is sub
ject to general inflation, but cannot rise to reflect it. 
Therefore, by the end of the repayment period, the nomi
nal repayment amount of $150.3 million is worth $36.5 
million in 1996 dollars. Inflation has decreased the impact 
of a fixed payment, because other wages and costs have 
risen with inflation. The declining real costs then are an
nualized to levelized real costs (line labeled "Real Leve
lized 1996 Dollars"). This line represents the constant 
capital recovery payments restated to control for inflation. 
Finally, using the line labeled "Real Levelized 1990 Dol
lars," the capital recovery payments are restated to $63.5 
million in base year 1990 dollars by removing inflation 
from 1990 to 1996. This process allows the comparison of 
capital costs of different resource projects by taking into 
account different real escalation rates during construction, 
while controlling for inflation and interest rates. 

Operating 
Costs 

Figure 13-3 
Operating Costs 
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Figure 13-3 goes through the same process, but uses 
the operating expenses line from Figure 13-1 to analyze 
operating costs. Operating costs start at $80.8 million a 
year in 1996 and rise in nominal terms (line labeled "Ac
tual Operating Expenses") to $380.5 million by the end of 
the plant's life. These costs rise faster than general infla
tion due to real escalation in the costs of fuel. If this ac
tual stream of operating costs were converted to a 
constant stream that would not change from year to year, 
the result would be the "Nominal Levelized" line in Fig
ure 13-3. Converting the stream of actual costs to a 
stream that would be constant in terms of purchasing pow
er would yield the line labeled "Real Levelized 1996 Dol
lars." This line begins slightly higher, at $89.8 million, 
than the actual stream of costs because the costs include 
small real increases beyond those due just to inflation. If 
there were no real increases built into the actual costs, the 
"Real Levelized 1996 Dollars" line would begin at the 
same point, $80.8 million. "Real Levelized 1990 Dollars," 
then, takes the levelized 1996 costs back to 1990 levelized 
costs by controlling for inflation between those years, 
which gets to $67.0 million annually. 

The various numbers that can describe the same plant 
are summarized in Table 13-2. The capital cost in nominal 
dollars is $909.6 million. The first-year cost, as it would 
actually affect rates in 1996, the first year of operation, is 
$231.1 million ($150.3 million plus $80.8 million) or 10.6 
cents per kilowatt-hour. Converted to the base year used 

380.5 

Nominal Levelized 

158.5 t 
Real Levelized 1996 Dollars 

t 

t 
Real Levelized 1990 Dollars 1996 (In-Service) 
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Table 13-2 
Cost Analysis Summary 

Total Capital Cost 

Direct Construction 

First-Year Cost (1996) 

Real Levelized 1990 Dollars 

Nominal Levelized 

in the Council's analysis, the levelized cost is $130.5 mil
lion ($63.5 million plus $67.0 million) or 6.0 cents per 
kilowatt-hour. Levelized in nominal terms, it is $230.4 
million or 10.5 cents per kilowatt-hour. The components 
of the last calculation are not shown on the graphs, but 
the conversion from real levelized 1990 dollars simply in
volves taking the present value at 3 percent and releveliz
ing at 8.15 percent. The last value, nominal levelized cost 
in base year (1990) dollars, is the index that is used in this 
plan, rather than the index used in previous Council plans, 
real levelized base-year dollars. It is a product of this par
ticular example that the nominal levelized cost (10.5 cents) 
is almost identical to the first-year cost (10.6 cents). Gen
erally this would not be the case. Depending on the in
service date and the mix of capital and fuel costs, the 
first-year cost could be substantially higher or lower than 
the nominal levelized cost. 

Finally, Figure 13-4 illustrates the effect of lifetime 
on the calculation of real and nominal levelized values. A 
resource that has an overall real levelized cost of $130.5 
million per year (6.0 cents per kilowatt-hour), such as our 
example resource, also could be described as having a 
nominal levelized cost of $230.4 million per year (10.5 
cents per kilowatt-hour), if the present value were con
verted to annual costs using a nominal discount rate of 
8.15 percent rather than the corresponding 3 percent real 
discount rate. These are just two different ways of express
ing the cost of the same resource. A third way of express
ing the cost is the rising curve in Figure 13-4, which starts 
at $130.5 million per year and increases at 5 percent per 
year (the Council's assumed rate of future inflation). 

Suppose, however, that we are considering a resource 
with a 15-year life, which also has a real levelized cost of 
$130.5 million per year (6.0 cents per kilowatt-hour). How 
would we compare its cost to the 30-year resource that 
costs the same in real terms? For the sake of simplicity, 
we assume that the resource is replaced by the same kind 
of resource, which costs the same except for the 15 years 
of inflation between the installation of the first resource 
and the second. Now the two cases are comparable: a 
30-year resource and two 15-year resources. The real le
velized cost of each of these three resources is the same, 
that is, $130.5 million (6.0 cents) in 1990 base year dollars. 

However, the nominal levelized costs of the three are 
all different. The nominal levelized cost of the 30-year 
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$909.6 million 

$745.7 million 

10.6 cents per kilowatt-hour 

6.0 cents per kilowatt-hour 

10.5 cents per kilowatt-hour 

resource is $230.4 million (10.5 cents per kilowatt-hour); 
that of the first 15-year resource is $183.7 million (8.5 
cents per kilowatt-hour); and that of the second, replace
ment 15-year resource is $381.9 million (17.4 cents per 
kilowatt-hour). This means that, even assuming replace
ment by an identical resource, as we did in this example, 
we cannot directly compare the costs of resources with 
different lifetimes in nominal levelized terms unless we 
directly include the replacement resource's costs. When 
nominal levelized terms are used in Volume I or in Vol
ume II, Chapter 10, Table 10-1, they have all been appro
priately adjusted to comparable 40-year lifetimes, and they 
are calculated as if construction or program ramp-up be
gan in September 1990 (rounded to January 1991 in this 
example). That is, they are comparable to the value $230.4 
million per year (10.5 cents per kilowatt-hour) in Figure 
13-4.1 

It is important to remember that the process de
scribed above is used to put resource cost estimates on a 
consistent basis. It is not a prediction of the impact of any 
given resource on consumer rates in a given year. In fact, 
the two example resources mentioned earlier (the hydro
power plant and the combustion turbine) could have quite 
different effects on rates in any given year. The hydropow
er plant is the most expensive in the first year. Because 
the capital cost is fixed, its real cost declines through time 
as other costs and wages rise with inflation. Grand Coulee 
Dam, for example, was a very expensive project when it 
was finished in the early 1940s. It is only the succeeding 50 
years of inflation that have made the cost of about 0.2 
cent per kilowatt-hour relatively cheap compared to the 
cost of new power plants. 

A combustion turbine, on the other hand, has a large 
percentage of its total cost in its fuel cost. If operated at 
reasonable levels of annual output, its total cost ( capital 
plus fuel) could be lower in the first years of its operation 
than the hydropower plant. However, its fuel cost will 
continue to rise with inflation, if not faster, and its relative 

1. Nominal levelized costs in the tables in Volume II, Chapter 
8, are calculated on a slightly different basis, however. These 
numbers assume a common in-service date, January 1990, with 
an assumed construction start earlier, rather than the common 
start date of September 1990, for all resources and in-service 
dates that vary as a function of lead times. 

917 



CHAPTER 13 

rate impact will be much higher 20 years from now than 
would that of a hydropower plant built now. A resource, 
such as the hydropower plant, could have the lowest pres
ent-value and levelized cost although it has the highest 
first-year cost. The Council's resource choices were not 
based on the rate impacts in any given year but on the 
present-value cost, taking into account the costs and their 
timing over the life of the resources. 

Simple levelized cost numbers, based only on capital 
and operating costs, are appropriate for rough comparison 
of resources. For the final analysis, the resources' operat
ing characteristics were simulated in the Council's deci
sion analysis model, the Integrated System for the 
Analysis of Acquisitions (ISAAC), and the costs from that 
simulation were converted to present values. This is a very 
important distinction, because simple levelized costs usu
ally do not take into account the changes in system opera
tions that will result when resources with different 
operating characteristics are added. The system models 
that the Council uses for evaluating the present-value 
system cost of each resource added to the Northwest's 
existing system provide the best test of the cost-effective
ness of each resource. Adjustment factors that can be 
applied to simple levelized costs to approximate the re
sults from the Council's system model are discussed in 
Volume II, Chapter 14, "Resource Cost-Effectiveness." 
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The rate of inflation affects all components of the 
Council's analytical process. It is impossible to project the 
effect of changes in costs without considering the changes 
from both the real and nominal perspective. For example, 
prices of electricity are determined in part by historical 
(nominal) construction costs, but projection of demand 
usually is based on the inflation-corrected (real) path of 
electricity prices. The necessary translation between real 
and nominal values requires a set of assumptions regard
ing the rate of inflation. The 1991 Power Plan uses an av
erage inflation rate of 5 percent. 

Home Mortgages 

One of the most intensively analyzed resources for 
future electricity conservation is improved thermal effi
ciency in new homes. The cost of this improved efficiency, 
both to the individual homeowner and to the region, is 
influenced by the extra construction cost due to energy
efficiency measures. These increased costs are mortgaged, 
and therefore the present value cost is a function of the 
interest rate charged on the mortgage. Mortgage rates, as 
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projected by the WEFA Group,2 change over time as the 
overall state of the national economy changes. Because 
these rates influence the costs of thermal efficiency, the 
use of varying mortgage rates would result in varying lev
els of optimal thermal efficiency. From a practical per
spective, this would complicate the planning process 
prohibitively, so the choice of a single mortgage rate as
sumption that is a reasonable long-run average seems 
more appropriate. The Council used a 5-percent real rate 
or 10.3 percent nominal for the mortgage rate assumption. 
This rate compares with the 6.2 percent real assumption 
used in the 1986 plan. 

Resource Acquisitions by Bonneville 

The cost of capital for resources acquired by Bonne
ville for the region should reflect the actual regional cost 
of capital for the companies or organizations expected to 
develop the resources. The region's cost of capital is re
duced by any federal tax benefits accruing to the owner of 
the resource, but includes any risk premium that the fi
nancial markets can be expected to attach to the invest
ment. The assumptions for the real cost of capital in the 
1986 plan, based on suggestions by the region's utilities, 
were 7 percent for debt financed by investor-owned utili
ties, 8.5 percent for equity of investor-owned utilities, 4 
percent for debt financed by publicly owned utilities and 5 
percent for Bonneville borrowing. Based on the analysis 
below and comments by the utilities and others, these as
sumptions now appear high. Therefore, the Council 
adopted lower values of 6 percent, 7.5 percent, 3 percent 
and 4 percent, respectively, for these real costs of capital. 

Ownership and Capital Structure 

The net financial cost of resources is a function of 
who owns them and what capital structure is used. In the 
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1986 plan, the Council assumed that, with Bonneville ac
quisition available under the Act, generating projects 
would be financed by investor-owned utilities, using a cap
ital structure of SO-percent debt and 20-percent equity. In 
this plan, the Council recognized that independent re
source development has become a more likely scenario, 
and used more-typical capital structures of 50-percent 
debt and 50-percent equity for the investor-owned utili
ties. Bonneville and generating public utility acquisitions 
are financed at 100-percent debt. 

Conservation also was evaluated using utility financ
ing. Forty percent of the conservation was assumed to oc
cur in public utility service territories and assumed to be 
financed by Bonneville. The remaining 60 percent in the 
investor-owned utility service territories was assumed to 
be financed by the investor-owned utilities at their normal 
ratio of 50-percent debt and SO-percent equity. 

Representative financial characteristics for non-utility 
project developers also were assessed for this plan. For 
the portfolio analysis using ISAAC, all projects were as
sumed to be developed by utilities so as not to bias results 
by an arbitrary choice of sponsor financing. The character
istics for these three major types of sponsors are summa
rized in Table 13-3. 

Detailed Interest Rate Analysis 

Interest rates, including mortgage rates, as projected 
by the WEFA Group, change over time as the overall 
state of the national economy changes. Because mortgage 
rates influence the costs of thermal efficiency, the use of 
time-varying rates would result in varying levels of opti
mal thermal efficiency (and model conservation stan
dards). From a practical perspective, this would be 

2. The WEFA Group develops the national economic fore
casts the Council uses in its planning process. 

Table 13-3 
Representative Financial Characteristics for Project Developers 

Independent 
Consumer-Owned Utility Investor-Owned Utility (Non-Utility Developer) 

Cost of Equity(% nominal) NIA 12.9% 20% 

Cost of Debt (% nominal) 9.2% 11.3% 11.3% 

Debt/Equity Ratio 100/0 50/50 80/20 

Insurance (%/yr.) 0.25% 0.25% 0.25% 

Federal Income Tax Rate (%) 0% 34% 34% 

State Income Tax Rate (%) 0% 3.7% 3.7% 

Gross Revenue Tax Rate (%) 2.2% 2.1% 2.1% 

Property Tax Rate (%) 0% 1.4% 1.4% 

1991 NORTHWEST POWER PLAN-VOLUME ll 919 



CHAPTER 13 

prohibitively complicated, so the choice of a single mort
gage rate assumption which is a reasonable long-run aver
age seems more appropriate. Similar considerations apply 
to utility-financed resources. 

The Council's analysis proceeded by looking at real 
interest rate spreads-the differences in rate due to the 
differences in risk or taxation borne by the lender. One of 
these is the premium that can be expected to be paid by 
Bonneville and the federal treasury, compared to the rate 
paid by a publicly owned utility (municipal borrowing). 
This is due to federal taxation of treasury interest pay
ments, while interest from most municipal borrowing is 
exempt from federal taxation. Investor-owned utility 
bonds and home mortgages typically include a premium 
over treasury bonds due to the increased default risk they 
represent. Finally, investor-owned utility equity or com
mon stock represents a further risk compared to the same 
utility's bonds because of the former's lower priority for 
available net revenue. 

Each of the spreads is then added to an estimate of a 
long-term real municipal bond rate. The two most recent 
WEFA Group forecasts at the date of the Council's deci
sion (mid-1989) suggest long-term real rates of about 2 
and 3 percent, respectively. The Council chose to use 3 
percent real for this variable. 

Because the objective was to arrive at a consistent set 
of interest rates, the Council looked at recent historical 
relationships. The WEFA Group's data on 10-year trea-
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sury bonds, BAA utility bonds, 20-year municipal bonds 
and conventional new-home mortgage rates, over the pe
riod 1983 through 1987 (the most recent five-year period 
then available), are shown in Table 13-4. This period ex
hibits stable observed inflation rates, unlike the preceding 
five-year period. This table, like the following ones, will 
round the spreads to the nearest whole percent. It is not 
clear that the additional precision that could be gained in 
some cases would make the estimates better. In other 
cases, the estimates from the various data sources pre
clude a more precise estimate. 

The BAA-rated utility bonds are one grade below 
those of most of the region's investor-owned utilities, 
which carry an A rating. The Treasury rates will be slightly 
low for Bonneville, which borrows at about 0.4 percent 
above the Treasury's 15-year bond rate, which in turn will 
have a slight term premium over the 10--year rate in the 
data. Additionally, the municipal bond data represents 
20--year general obligation bonds. The longer-term reve
nue bonds used to finance utility investments typically 
would require a premium, probably on the order of 0.2 to 
0.3 percent. These considerations imply that the mortga
ge-treasury and utility-treasury spreads might be slightly 
too big, but the treasury-municipal spread may still be 
about right. The rounded values take these considerations 
into account. 

Table 13-4 
1983 through 1987 Spread Between Real Interest Rates 

Data(%) Rounded Value (%) 

BAA Utility-Mortgage 1.17% 1% 

Mortgage-Treasury 1.15% 2% 

BAA Utility-Treasury 2.32% 2% 

Treasury-Municipal 1.27% 1% 

Table 13-5 
1988 through 2007 Spread Between Real Interest Rates 

Data(%) Rounded Value (%) 

BAA Utility-Mortgage 0.67% 1% 

Mortgage-Treasury 1.81% 2% 

BAA Utility-Treasury 2.48% -

BAA-A Utility 0.35% -

A Utility-Treasury 2.13% 2% 

Treasury-Municipal 1.29% 1% 
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The long-term WEFA Group forecast (August 1987), 
shown in 1able 13-5, projected the following 20-year aver
age yield spreads (1988 through 2007) for the same rates 
as described for Table 13-4, plus the spread between BAA 
and A rated utilities. The rounded estimate for the mort
gage-treasury spread in this case conflicts with that based 
on 1983 through 1987 data; the Council relied on the his
torical data rather than the forecast. 

The cost of equity has been taken from the Federal 
Energy Regulatory Commission's benchmark return on 
equity determinations. The mid-1989 nominal value is 
12.38 percent. Assuming 5-percent inflation, this equals a 
real rate of 7 percent, approximately 1.5 percent above the 
then-current BAA bond rate, estimated at 10.8 percent 
nominal. Representatives from investor-owned utilities 
suggested that this value was somewhat low, so the Coun
cil chose a value of 7.5 percent in real terms. 

Social Discount Rate 

A central feature of the Council's consideration of 
alternative strategies for providing adequate electricity to 
the region is the comparison of the strategics' costs. This 
step is not possible unless each strategy's stream of costs is 
translated into a present value that can be compared to 
those of the other strategies. In order to accomplish this 
translation, it is necessary to use a discount rate that rep
resents society's willingness to exchange consumption now 
for consumption in the future. For example, if the region 
is indifferent to choosing between $1.00 of consumption 
now and $1.05 a year from now, the region's rate of time 
preference, or its "social discount rate," is 5 percent. 

In general, the lower the social discount rate, the 
more weight is given to the future in planning decisions. 
Using a higher social discount rate results in lower present 
values of future costs and benefits; whereas using a lower 
social discount rate results in higher present values. Low 
social discount rates tend to favor resources with high 
fractions of capital costs, while high social discount rates 
tend to favor resources with high fractions of fuel and op
eration and maintenance costs. 

While the concept of the social discount rate is fairly 
straightforward, its application is more complicated. The 
principal difficulty is in moving from the general concept 
of the social discount rate to a specific number to be used 
in quantitative analysis. It is possible to imagine a hypo
thetical economy, with no income taxes, perfect knowl
edge (no risk), no inflation and perfect capital markets. In 
such an economy, individuals save and invest until the rate 
of return on the last investment is equal to the last inves
tor's rate of time preference. Capital markets would en
able people to adjust their consumption and investment 
behavior so that, while some of them would be net bor
rowers and some net investors, they would all attach the 
same relative values to consumption now and consumption 
a year from now (i.e., they would have the same rate of 
time preference). 

1991 NORTHWEST POWER PLAN-VOLUME II 

CHAPTER 13 

This rate of time preference, shared by all individuals 
in the society, would be the social discount rate. In this 
hypothetical economy, the social discount rate would 
equal the market rate of interest, which also would equal 
the rate of return to the marginal investment. Thus, while 
the social discount rate could not be observed directly, its 
level could be determined by its equality with the easily 
observable market rate of interest. 

The real world, of course, departs from the hypotheti
cal economy described above in every respect. For exam
ple: 

Taxes 

In the real world, corporations and individuals pay 
income taxes. This means that when a consumer post
pones current consumption to invest, part of the return to 
the investment will go to pay income taxes. Therefore, the 
future consumption that the investment makes possible is 
less than that implied by the (pre-tax) return. As a result, 
individuals investing in a project with a IO-percent rate of 
return are not demonstrating a rate of time preference of 
10 percent, but rather a somewhat lower rate. 

A corporation's investment behavior will be even fur
ther removed from individuals' rates of time preference. 
The (pre-tax) rate of return to corporate investments will 
have to be sufficient to cover the corporation's tax obliga
tion, plus the tax obligations of the individuals who provide 
the corporations' capital, plus those individuals' rates of 
time preference. 

Risk 

In the real world, knowledge is imperfect, and invest
ments are risky. This riskiness varies from one investment 
to another and is reflected in varying costs of capital from 
one investment to another. Generally, the riskier the in
vestment, the higher the cost of capital to finance it. Ordi
narily, the rate of time preference is understood to be the 
willingness to trade (certain) consumption now for (cer
tain) consumption in the future. The Council is faced, 
then, with the task of estimating how much of observed 
rates of return are risk premiums and how much risk pre
mium should be included in the regional social discount 
rate for use in the Council's evaluation process. 

Access to Capital 

In the real world, individuals (and organizations) are 
different. Individuals will demonstrate different investing 
and borrowing behavior. This will be due in part to differ
ences in their income levels and their access to investment 
opportunities. Corporations, too, will show varied behav
ior, for many of the same reasons. Choosing an appropri
ate social discount rate for the region is equivalent to 
choosing an individual (or company) whose behavior is 
representative of the region. 
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Inflation 

In the real world, inflation complicates the interpreta
tion of observed costs of capital in terms of the social dis
count rate. Investors can be expected to insist on a rate of 
return that, in addition to covering their rate of time pref
erence, tax obligation and risk premium, also will cover 
the expected rate of inflation. Thus, observable (nominal) 
costs of capital, even after income taxes and risk pre
miums are taken into account, will be greater than inves
tors' rates of time preference by the amount of inflation 
they expect. Attempts to estimate the magnitude of infla
tion's effect on the cost of capital are complicated by the 
fact that although the inflation rate that the economy ac
tually experiences can be measured, the inflation rate that 
investors expect cannot. 

For reasons such as these, the estimation of an appro
priate social discount rate from first principles is fairly 
complicated. A typical approach might begin with some 
estimate of typical return on investment in a given indus
try, translated to an after-tax return to the company based 
on some assumed corporate income tax rate for a repre
sentative company. The after-tax return to the stockhold
ers of the representative company will be further reduced 
by their individual income tax rates. This rate of return 
would be translated to real terms by some estimate of ex
pected inflation. Finally, the risk premium appropriate for 
the Council's planning process would be evaluated and 
compared to the risk premium included in the analyzed 
industry's cost of capital, and the appropriate adjustment 
made to arrive at the final estimate of the social discount 
rate. 

Each step in this process requires judgments ( e.g., 
how risky are the investments examined, should any year's 
data be excluded, what is a representative company, how is 
expected inflation related to historical inflation, etc.) that 
affect the results of the process. As a result, even if two 
analysts agreed completely on the process to be followed 
in extracting a social discount rate from a given body of 
data, they could reasonably arrive at significantly different 
final results. 

Corporate versus Individual Perspective 

An example will show how the various factors de
scribed above can cause a dramatic difference between the 
return to a private firm and the ultimate rate of time pref
erence revealed by the acceptable return to the firm's 
stockholders. 

The example starts with an assumed 20--percent 
hurdle rate of return on equity for investment by the pri
vate firm. The hurdle rate is a standard that is used by a 
firm to evaluate potential investments. If the firm has suf
ficient capital to invest in all the opportunities available to 
it, the hurdle rate ought to be the cost of capital (debt and 
equity) to the firm, so that it makes all the investments 
that pay back at least its cost of borrowing money from 
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lenders and investors. If the firm is capital constrained, it 
may set a higher hurdle rate so that only the most profit
able investments are chosen. The assumed 20-percent 
return on equity is reasonable for the private sector. 

Assume the firm actually earns its 20-percent, al
though in practice it may earn more or less. First, it must 
pay federal income taxes. At a corporate rate of 34 per
cent, the firm pays 6.8 percent of its return to the federal 
government, leaving 13.2 percent for its stockholders. The 
stockholders also must pay individual income taxes. As
suming there is no state or local income tax, and a federal 
marginal rate of 28 percent, the stockholder sends 3.7 per
cent of the return to Washington, D.C., leaving 9.5 per
cent. Assuming an inflation rate of 5 percent, the 
stockholder's real return is 4.3 percent of the original 20 
percent. 

So far, the example has dealt with the equity return 
from a single firm. This return embodies a certain amount 
of business and financial risk, which raises it above a less 
risky return. The risk of investing in a single firm can be 
diversified away by investing in a number of different 
firms. This example will simply assume that risk is negligi
ble, although in practice it is not. There remain the sepa
rate financial risk premiums for 1) investing in stock 
compared to corporate bonds that have a prior claim on 
the firm's net revenue, and 2) investing in corporate bonds 
compared to federal government bonds, which have virtu
ally no default risk. Long-term historical data3 suggests 
that the after-tax (at 28 percent) real risk premium for 
investing in diversified stocks compared to long-term fed
eral government bonds is about 4 percent. This suggests 
that a risk-adjusted, after-tax real return for our example 
would be about 0.3 percent. The appropriate risk adjust
ment is difficult to determine and will be discussed below. 

This is an artificial example, constructed to illustrate 
the relationships among the various measures of rates of 
return, but it is reasonably representative of long-term 
experience. The same long-term historical data referred 
to above suggests that the long-term return on diversified 
common stocks was 8.9 percent to stockholders over a pe
riod when the long-term inflation was only 2.5 percent. 
This return, together with a current tax rate of 28 percent, 
implies a long-term real after-tax return of 3.8 percent, 
close to the 4.3 percent of our example. 

All of these factors for the example are summarized 
in Figure 13-5. The amount of the risk adjustment is left 
uncertain. Figure 13-5 also shows a similar breakdown of 
the rate of return for long-term Treasury bonds, assumed 
to be equal to Bonneville's cost of capital. Treatment of 
utilities' costs of capital appears later in this chapter. 

3. Ibbotson, Roger and Sinquefield, Rex. Stocks, Bonds, Bills 
and Inflation: Historical Returns (1926-1978). Charlottesville: 
Financial Analysts Research Foundation, 1979. 
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Figure 13-5 demonstrates that a given investment can 
imply widely varying rates of return, depending on the 
perspective adopted. Many disagreements about the ap
propriate choice of social discount rate actually are dis
agreements about the appropriate perspective to adopt. 
Several perspectives have been advocated: 

Office of Management and Budget 

In our example, with inflation of 5 percent, the real 
return is 14.3 percent. The Office of Management and 
Budget (0MB) ruled in 1972 that the federal government 
should use a discount rate of 10 percent in real terms, be
cause that was approximately the observed real rate of 
return in the private sector. Because it is not clear from 
the 0MB document whether it was looking at return on 
equity or return on total capital, which would include 
some percentage of debt at lower cost, it would probably 
be conservative to assume the latter. This would imply 
that the 14.3 percent pre-tax real return on equity of the 
example is equivalent to the 10 percent pre-tax real re
turn on capital of 0MB. 

The 0MB argument is that using any lower rate for 
the government would simply divert capital and other re
sources from more productive to less productive uses. This 
argument does not take the perspective of the individual's 
rate of time preference. Rather, it looks at the effects of 
investment by the government and the private sector and 
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attempts to keep them balanced in their level of produc
tivity. 

Moreover, the 0MB criterion could generally be ex
pected to be applied to investment decisions where bene
fits are calculated, but repayment of government costs was 
not expected. In addition, it could be expected to be 
applied to government decisions that were discretionary. 
Both of these conditions are different from those facing 
the Council, because repayment of costs of capital at mar
ket rates by customers is assumed, and spending is not 
discretionary if load is to be met. 

Utility Perspective 

Some have argued that the appropriate discount rate 
is the utility cost of capital, perhaps adjusted for the tax 
deductibility of bond interest payments. Assuming the val
ues in this chapter for nominal costs of capital for inves
tor-owned utilities, Bonneville and public agencies, the 
Council can do a calculation similar to that above as an 
example. With a capital structure of half debt and half 
equity, the weighted cost of capital for an investor-owned 
utility is 12.1 percent. In real terms, this is 6.8 percent. 
The after-tax return to an investor (in both bonds and 
stocks) is calculated somewhat differently than in the ex
ample, because the allowed return is after corporate in
come taxes rather than before. Adjusting only for the 
individual federal income tax and inflation, the investor's 
real after-tax return is 3.5 percent. 
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For Bonneville, as well, only the individual federal 
income tax and inflation are applicable, and the 9.2 per
cent cost of capital yields 1.5 percent to the investor (see 
Figure 13-5). The real cost of capital to Bonneville using 
these values is 4 percent. For a public agency, only infla
tion is relevant, and the after-tax real return equals the 
real interest rate at 3 percent. 

The argument for using the utility cost of capital for 
the corporate discount rate appears to be that shareholder 
wealth is maximized by pursuing all investments that re
turn more than the cost of capital. Therefore, the net 
present value of prospective investments is evaluated us
ing the corporate cost of capital. The application to a gov
ernmental entity is by the analogy that the most efficient 
use of the capital supplied is to make investment decisions 
using the cost of capital as the entity's discount rate. This 
would ensure (assuming positive net benefits) that invest
ments earn a return at least as great as the cost of the 
capital making the investment. 

This cost of capital has the advantage of being rela
tively easy to estimate. The historical values are observ
able, and national projections of future values are 
available (see the previous section of this chapter dealing 
with cost of capital). 

Problem of Two Utilities' Resources 

If the utility-cost-of-capital approach is taken, there 
could be conceptual difficulties. For instance, what social 
discount rate would the Council use to evaluate two dif
ferent types of resources supplied (and financed) by two 
different kinds of utilities, such as a Bonneville conserva
tion program and a combustion turbine offered for acqui
sition by an investor-owned utility? The costs of capital for 
the two resources would be substantially different, but the 
consumers who would use and ultimately pay for the re
source might be the same people. 

Individual Rate of Time Preference 

There are two ways to get at the individual rate of 
time preference. One is that described above-to look at 
the actual, achievable after-tax real returns to individual 
investors, preferably over some long term. Historical data 
suggests that the return to the stock market is in the 4 to 5 
percent range, and the risk adjustments can reduce that 
value to the O to 4 percent range, depending on the appro
priate adjustment. In the past, the Council and Bonneville 
have taken this approach and estimated an appropriately 
risk-adjusted value at 3 percent in real terms. In this 1991 
Power Plan, the Council has continued to take this ap
proach and has adopted the same 3 percent real value. 

Another approach to the question of individual rates 
of time preference is to attempt to look at the typical indi
vidual. The range of individual investment and borrowing 
behavior is quite broad. One plausible end of the range 
might be the person whose marginal action is attempting 
to pay off a credit card bill that costs 18 percent, which 
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implies approximately a 12-percent after-tax, real rate of 
return when tax deductibility is completely phased out. 
The other plausible end of the range could be the person 
whose marginal action is investing in a savings account at 5 
percent, yielding a -0.7 percent real after-tax return (at a 
15-percent marginal tax rate). 

Calculating a typical individual's rate of return would 
be extremely difficult, especially because individuals often 
appear to demonstrate multiple discount rates with this 
approach. For example, an individual might deposit into 
the savings account one month and make an extra attempt 
to pay off the credit card bill the next. A serious attempt 
to implement this approach would need to take into ac
count other dimensions of these investment alternatives, 
such as liquidity, perceived risk and minimum scale of in
vestment. 

For example, Table 8-75 in the 1989 Economic Report 
of the President4 shows total consumer credit in 1988 vary
ing from $690 billion to $723 billion. This total, however, 
includes several components, such as loans for automo
biles and mobile homes, whose rates of interest are signifi
cantly less than those of credit cards. The category most 
representative of credit cards, revolving credit, makes up 
about one-fourth ($162 billion to $181 billion) of the total. 
Moreover, it is not clear whether this amount represents 
the total of credit card billings (much of which is paid off 
each month) or the amount on which interest actually is 
paid, although the former seems more likely. 

But individuals demonstrate their rates of time prefer
ence not only by borrowing, but also by lending and invest
ing. Table B-68 of the Economic Report of the President 
shows that holdings in savings accounts and money market 
deposit accounts amounted to more than $900 billion 
($400 + billion and $500 + billion, respectively) in 1988. 
These accounts bear interest at rates substantially below 
stated interest rates on credit cards, (typically, 0 percent 
or less, after-tax real) and therefore imply rates of time 
preference, which are lower as well. Furthermore, the 
volume of funds in these accounts is roughly five times 
that of revolving credit accounts. 

In addition to charging things on credit cards and de
positing in savings accounts, people make other decisions 
that suggest rates of time preference between the high 
levels indicated by credit cards and the low levels indi
cated by savings accounts. These other decisions include 
mortgage financing, auto financing and purchases of stocks 
and bonds. 

This range of behavior means that it is impossible to 
impute a single rate of time preference to all the region's 
ratepayers, based on a single mode of behavior. Some in
dividuals, no doubt, have fairly high rates of time prefer
ence, consistent with the real after-tax cost of credit card 
borrowing (although, as we have pointed out, those rates 

4. Council of Economic Advisors. Economic Report of the Pres
ident. Washington, D.C.: United States Government Printing 
Office, 1989. 
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of time preference are likely to be significantly lower than 
the stated rate of interest). Many other individuals, how
ever, demonstrate savings and investment behavior that is 
evidence of much lower rates of time preference. The 
Council's concern was to choose a social discount rate that 
is appropriate for the average ratepayer. This rate would 
have fallen between those of the credit card borrower and 
the savings account saver, if the Council had adopted this 
approach. 

Consumer Credit as Indicator of Rate of Time 
Preference 

Finally, even credit card debt alone does not imply 
that the appropriate rate for the average individual is 14 to 
18 percent real, for several reasons. 

First, many credit cards extend what amounts to 30-60 
days' free credit before charging interest. This reduces the 
actual interest rate, calculated on the actual time the 
cardholder has the use of the money, below the stated 
interest rate. For example, a $100 purchase may be made 1 
to 30 days before it appears on the credit card billing, 31 
to 60 days before interest is charged on it, and 61 to 90 
days before interest is paid. A stated 18-percent interest 
rate applied to a loan counted as one month could actually 
be as low as 6 percent when applied to the actual time 
between purchase and payment. Because these interest 
rates are being interpreted as evidence of the individual's 
rate of time preference, the imputed rate of time pref er
ence also is reduced by taking credit cards' grace periods 
into account. 

Second, credit card loans are unsecured and some
what risky to the lender. The expected average rate of 
interest, taking account of bad debts, will be somewhat 
lower than the stated rate. From the perspective of the 
average borrower, there is some probability that he or she 
will not pay the debt, so the expected average rate of in
terest is reduced from his or her perspective also. 

Accounting for Risk in the Social 
Discount Rate 

It is worth noting that the most important use of the 
social discount rate in the Council's power system analysis 
is in the Council's decision model-the Integrated System 
for Analysis of Acquisitions-where planning strategies 
are simulated over a large number of uncertain futures. In 
this Council model, resources are financed at market costs 
of capital, which include risk premiums and taxes paid by 
lenders on their interest income. The social discount rate 
is used only to convert streams of revenue requirements 
to present values. Much of the uncertainty facing the re
gion is modeled explicitly; the model simulates mistakes in 
timing of acquisition decisions, resources that don't per
form up to expectations, and the like. 
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As a result, much of the cost of uncertainty is in
cluded in the expected value of revenue requirements 
over a large number of scenarios. The variation in revenue 
requirements simulated by the planning model is another 
means for planners to examine the impact of strategies on 
regional uncertainty. In this environment, the risk pre
mium to be represented in the social discount rate is re
duced below the level appropriate for an analysis of a 
single investment with a single projected outcome. 

Discount Rates in Use 

Tobie 13-6 includes a sample of discount rates sug
gested or used by various organizations. While it demon
strates a lack of perfect agreement among the sources 
represented, Tobie 13-6 also indicates a rough range of 
uncertainty for the social discount rate. Two of the 
sources, the Natural Resources Defense Council and the 
book Discounting for Time and Risk in Energy Policy, 5 de
scribe an estimation process much like that adopted by the 
Council. They both analyze data on long-run (1920s to 
1970s) average returns to investments of various levels of 
risk and estimate real after-tax returns for the lowest-risk 
class of investment. They both conclude that these yields 
have varied from -2 percent to + 2 percent, depending on 
the historical period. Furthermore, they both conclude 
that 1 percent real is a reasonable estimate for a long-run 
average return to low- or no-risk investments. With these 
estimates in mind, the discount rate of 3 percent, which 
has been used by the Council and Bonneville for power 
system analysis in the past, implies that the riskiness of 
power system investments justifies a 2-percent risk pre
mium in their evaluation. 

Sensitivity of Resource Portfolio to 
Social Discount Rate 

Figure 13-6 shows some of the effects on the Coun
cil's resource portfolio of using a higher or a lower dis
count rate. Figure 13-6 compares the relative present 
value of two resources. The first resource labeled "capi
tal" in the figure has a moderately high but constant 
stream of costs, corresponding, for instance, to the bond 
repayment on a conservation program or a hydro plant, 
which have virtually no operating costs. The second re
source, labeled "fuel," has a stream of costs that start out 
lower than that of the first resource, but are substantially 
higher at the end of its life because of inflation and real 
escalation. This would correspond to, for instance, a com
bustion turbine. The example was constructed so the pres
ent values of the costs of these two resources were equal 
at the 3 percent real discount rate adopted by the CounciL 

5. Lind, Robert C., and others. Discounting for Time and Risk 
in Energy Policy. Washington, D.C.: Resources for the Future, 
1982. 
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Table 13-6 
Discount Rates Used for Present Value by Source 

Organization Discount Rate Type of Project 

Office of Management and Budget 10% real Federal government projects 
(water projects use lower discount rate) 

Northwest Power Planning Council (1986 Power Plan) 3% real Power system analysis 

Bonneville Power Administration 3% real Power system analysis 

Bonneville Power Administration 4.5 to 5% real Financial and rates analysis 

Eugene Water and Electric Board (EWEB) 3% real Power system analysis 

Seattle City Light 3% real Power system analysis 

Investor-owned Utilities in Pacific Northwest 5 to 7% real Power system analysis 

Northwest Conservation Act Coalition (NCAC) 0% real Power system analysis 

Natural Resources Defense Council (NRDC) 1% real Zero-risk social discount rate 

2 to 3% real Costing of conservation, generating resources 

Robert C. Lind, et. al., Discounting for Time and Risk 1% real Evaluation of investments of risk comparable 
in Energy Policy to U.S. Treasury bills 

2% real Evaluation of investments of risk comparable 
to long-term U.S. government bonds 

4.6% real Evaluation of investments of risk comparable 
to "market portfolio" (using 20-percent tax 
rate) 

Figure 13-6 shows that a higher discount rate reduces 
the present-value cost of the fuel-intensive resource rela
tive to the capital-intensive resource. While a higher rate 
reduces the present value of both, it reduces one more 
than the other. Figure 13--6 displays only the relative 

change in present values. This happens because a higher 
discount rate puts less weight on the future, which is the 
period in which costs of the fuel-intensive resource are 
higher than the costs of the other resource. A discount 
rate lower than 3 percent has the opposite effect on rela
tive costs, because it puts greater weight on the future. 

926 1991 NORTHWEST POWER PLAN-VOLUME lI 



E'INANC!AL ASSUMPTIONS CHAPTER l3 

Discount 1.6 

Resource 1ype 

Rate 1.4 D Fuel 

Sensitivity 
Capital 

1.2 

..... 1.0 
V) 

0 u 
> 0.8 
p.., 
iJ) 

.:::: 0.6 _, 

Figure 13-6 
ce 

C) 
ci::: 

Sensitivity to 0.4 

Discount Rate 
0.2 

0.0 
0 l 2 3 4 5 6 7 8 9 10 

Real Discount Rate (percent) 

199 1 NORTHWEST POWER PLAN-VOLUME II 927 



928 1991 NORTHWEST POWER PLAN-VOLUME II 



RESOURCE COST-EFFECTIVENESS CHAPTER 14 

CHAPTER 14 

RESOURCE COST-EFFECTIVENESS 

Introduction 

All resources included in the Council's resource port
folio are selected based on their relative cost-effective
ness. Cost-effectiveness is a measure of the relative cost 
of the contribution of a resource to the region's electrical 
power system. The Council has chosen, as the appropriate 
measure of cost-effectiveness, the net present value cost, 
including both capital and operating costs for each re
source evaluated from the perspective of its operation in 
the entire regional power system. The Integrated System 
for the Analysis of Acquisitions (ISAAC) computer model 
was used in the evaluation. The perspective is described 
further in the section on resource evaluation methodology 
below, and the computer model is described in Volume II, 
Chapter 15. The Council uses an estimate of the levelized 
life-cycle cost of each resource as a preliminary screening 
tool to select resources for detailed study in the resource 
portfolio analysis. The calculation of resource levelized 
costs is described in Volume II, Chapter 13, and the costs 
are shown in Volume II, Chapter 10, Table 10-1. 

The cost-effectiveness analysis has two primary roles 
in the development of the Council's resource portfolio 
and Action Plan. The first role is to generally size the 
amount of each resource that may be available in the sup
ply curves of conservation and generating resources over 
the planning horizon and to rank them in order of desir
ability. 

The second role is to select from among these re
source candidates those that are cost-effective for the re
gion to secure now. Specific near-term acquisitions are 
difficult to predict in advance; however, a cost-effective
ness criterion will allow the region to select only those 
resources that contribute the most value to the region's 
power system. In the following sections, each of these 
roles of cost-effectiveness analysis will be discussed. 
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Cost-Effectiveness and Supply Curves 

In past plans, the Council has used coal technologies 
as the marginal resource, assuming that an unlimited sup
ply of coal plants was available and that nothing, except 
for some conservation, due to the specific benefits under 
the Act, would be more expensive. This meant that all 
resource supply curves had been cut off at the cost of coal 
plants. For this plan, however, the Council has judged that 
coal-based technologies may be limited in total supply, 
just as other generating resources are limited. In the case 
of coal, the limiting factor is environmental concern. This 
limitation has meant that resources that are more expen
sive than coal-based plants would be acquired in the high
est load growth scenarios. These resources are generally 
higher-cost renewables. Because of this change, the 
Council has chosen a higher cut-off point for the resource 
supply curves, including those for conservation, than in 
previous plans. For this plan, the Council included re
sources and measures up to 15 cents per kilowatt-hour in 
its generating resource and conservation supply curves. 

Cost-Effectiveness of Acquisitions 

For the evaluation of acquisitions, however, the Coun
cil has chosen other criteria for cost-effectiveness. The 
evaluation of the cost-effectiveness of acquisitions begins 
with an analysis, using ISAAC, of the value of resources to 
be acquired over the next several years. Figure 14-1 illus
trates the different values of resources with lifetimes from 
zero to 50 years. The value is based on the average cost of 
resources displaced when a zero-cost resource is acquired 
in 1995. This analysis was done using the first resource 
portfolio described in Volume I of the plan, which is based 
on the Council's best estimates of future resource costs 
and availability. In the low-load cases, no or only low-cost 
resources are displaced, and a low value is calculated; in 
high-load cases, costly resources are displaced, and a high 
value is calculated. The values plotted in Figure 14-1 are 

929 



CHAPTER 14 

the average values over 100 different load cases that were 
analyzed. 

Figure 14-1 shows two curves, one plotting avoided 
costs in nominal levelized terms and one in real levelized 
terms. As described in Chapter 13, ''Financial Assump
tions," nominal levelized costs are more sensitive to a re
source's lifetime. This occurs because nominal levelization 
incorporates future inflation in the levelized value, while 
real levelization does not. For resources which are other
wise identical, the longer the lifetime of the resource, the 
more future inflation is incorporated in the nominal val
ues and the higher the levelized cost, compared to the 
corresponding real levelized cost. 

The curve labeled "Nominal" in Figure 14-1 shows, 
for example, that a resource acquired in 1995, with an ex
pected lifetime of 40 years, has an expected value to the 
region's power system of approximately 7.7 cents per 
kilowatt-hour. In real levelized terms, shown on the other 
curve, this value is approximately 3.9 cents per kilowatt
hour. The Council used these avoided cost estimates to 
determine the general value of resources to be acquired 
during the next five years. 

In the other nominal levelized cost estimates quoted 
in the plan, resource lifetimes have been normalized to 40 
years by incorporating replacements, using the same tech
nology, for those resources with lifetimes of less than 40 
years. Normalization is appropriate for these uses. For 
example, in the case of conservation, this method esti-
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mates the cost or value of ongoing improvements in the 
efficiency levels of consumers' energy use. In the case of a 
generating technology with a life of less than 40 years, it 
shows a similar thing, the cost or value of an ongoing use 
of that technology. Normalization is not appropriate, how
ever, in calculating the levels of payments to be made to 
resource developers for short-lived resources for which 
the developers provide no replacement resource. 

Application to Conservation 

For conservation resources, the avoided cost must be 
adjusted upwards. The conservation resources included in 
the portfolio, and thus in the calculation of the avoided 
cost, had their costs adjusted upwards by 20 percent of the 
direct cost to cover program administrative costs. Costs 
were adjusted downwards by 2.5 percent of the direct cost 
to account for the Council's estimate of the savings in 
transmission and distribution investment that occurs be
cause conservation occurs at the end use. A further down
wards adjustment of 10 percent of the direct cost was 
made to take account of the Act's conservation credit. Fi
nally, the energy available from the conservation measures 
was adjusted upwards by 7.5 percent to account for the 
fact that the analysis is done at the generator bus bar. 
Conservation resources do not have to generate the 

Nominal Levelized Cost 
Real Levelized Cost 

20 30 
Physical Life (Years) 

40 50 
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approximately 7.5 percent transmission and distribution 
losses in addition to the energy that reaches the end user. 

In calling for acquisition of conservation measures 
costing up to 11 cents per kilowatt-hour (or 5.6 cents leve
lized in real terms), the Council recognized that marginal 
measures in a program should not be burdened by the 
20-percent administrative cost, which is a function of the 
program as a whole, not of incremental measures. It fur
ther recognized that some conservation programs have 
seasonal patterns and the ability to track load growth 
closely that give them added advantages. Since weatheri
zation programs save a percentage of the energy and ca
pacity that would otherwise have been used, rather than 
fixed amounts, the savings increase as the weather be
comes more severe. This factor is particularly important 
for capacity savings. Additionally, the Council judged that 
conservation had important non-quantifiable environmen
tal benefits compared to most conventional generating 
resources. Finally, it recognized that the marginal mea
sures in a conservation program may have lost-opportun
ity value, if they are not acquired and generating resources 
with higher environmental costs have to be acquired in the 
future instead. 

The Council expects the average cost of conservation 
programs to be substantially lower than 11 cents per 
kilowatt-hour because of the inclusion of lower-cost mea
sures as well as the higher-cost measures. The Council 
further recommends that utilities pay no more than is nec
essary to achieve the Council's recommended conserva
tion penetration levels, while including all regionally 
cost-effective measures, those up to 11 cents per kilowatt
hour in their programs. 

Application to Generation 

For generating resources the costs in Figure 14-1 can 
be used directly, subject to several adjustments. To apply 
the regional avoided cost estimate to specific generating 
resources proposed by specific utilities or developers, ad
justments would need to be made to take account of the 
individual utility's situation. The resource used to calcu
late the regional avoided cost had a flat seasonal shape. 
All specific resources proposed for acquisition will need to 
be adjusted for seasonal shape and load following ability. 
Special local situations, such as the transmission constraint 
the Puget Sound region faces, would call for additional 
credits for resources that could help mitigate the con
straints. Several of these factors are described further in 
the following section. 

Resource Evaluation Methodology 

Introduction 

The computer models used by the Council for this 
type of analysis tend to be large and complex, and the al-
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gorithms used arc not widely understood. They also re
quire significant computer resources to operate. 

Outside parties, such as resource developers and reg
ulatory agencies, have an interest in resource cost-effec
tiveness issues. However, the methods used by these 
groups for resource evaluation tend to be significantly dif
ferent than those used by the Council. Such discrepancies 
can easily lead to different results and conclusions about 
resource cost-effectiveness. 

The purpose of this section is to describe a method 
that allows outside parties to estimate resource cost-effec
tiveness in a manner that is consistent with the Council's 
methodology, but without needing access to the Council's 
computer models. The goal is to develop a process that 
can be easily applied to an individual resource. Such a pro
cess should take the important characteristics of the re
source into account, and yield cost estimates similar to 
those of the full Council methodology. lf successful, the 
methodology should provide a means for more consistent 
perspectives between the Council and other parties in 
evaluation of resource cost-effectiveness. It should be 
noted that the results presented in this section are limited 
in scope. Not all resource traits or possible combinations 
of important characteristics are addressed here. 

The studies summarized in this section were not re
vised between the draft and final plans, and so they are 
still expressed in January 1988 dollars, unlike all other 
numbers in the final plan. The Council intends to work 
further with Bonneville, the utilities and other interested 
parties to refine these initial estimates and to reconcile 
them with the values used by Bonneville in its billing cred
its and resource bidding solicitations. 

Background 

Most resource developers and regulatory agencies use 
a "stand-alone" approach for evaluation of resources. 
That is, the costs of a generation project are evaluated as 
if that resource were operating in isolation. Assumptions 
are made about project operating levels, and estimated 
costs for capital and operating expenses are projected 
through time. Engineering economy techniques are used 
to translate these cost streams into levelized costs. The 
project's levelized costs then are compared to those of 
other projects or to avoided cost estimates for a determi
nation of cost-effectiveness. Only the costs associated with 
a particular resource are considered in the analysis. 

The Council's methods for determination of cost-ef
fectiveness differ significantly from this stand-alone ap
proach because they rely on a system perspective. The 
objective is to capture the cost impacts that would occur 
over the entire regional power system due to the addition 
of a new resource. When a resource is added to the sys
tem, it is likely to produce effects that extend beyond that 
individual project. For example, it may affect the operat
ing levels and costs of other resources, such as combustion 
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turbines or coal plants. It also might affect the amount of 
energy sold on the secondary market, impacting secondary 
revenues. Depending on the load/resource balance condi
tions, it could have an effect on the level of load served. 
In addition, the nature of the energy produced by an indi
vidual project can have cost or value consequences. For 
instance, variations in seasonal output can affect the value 
of the resource. The Northwest load shape and nature of 
the hydro system constraints combine to convey more val
ue to projects which produce more of their energy in the 
fall and winter. 

The Council captures these effects by modeling the 
entire Northwest power system as well as secondary ener
gy markets in the Pacific Southwest and Canada. This 
makes it possible to simulate the way a new resource 
would operate in the system, and its impact on the opera
tion of other resources, and thus estimate all changes in 
system costs due to that resource. By testing different re
sources or sets of resources, conclusions can be made 
about relative cost-effectiveness. Bonneville, the Pacific 
Northwest Utilities Conference Committee (PNUCC), 
and several utilities in the region use similar methods. In 
fact, several of the models used for regional planning were 
developed jointly by staff from the Council, Bonneville, 
the InterCompany Pool, PNUCC and the utilities. Howev
er, because of the size and complexity of the models, the 
user group generally is limited to the above organizations. 

This gap in methodology can easily lead to differences 
in conclusions about resource value. It is possible for two 
projects which have similar stand-alone costs to have very 
different cost effects, when viewed from a system perspec
tive. 

In the Council's 1986 Northwest Power Plan and again 
in the 1989 supplement to that plan, the Council at
tempted to bridge this gap by publishing estimates of re
gional avoided costs. Avoided costs represent an amount 
the region could afford to pay for new resources and still 
have system costs equal to those obtained through the 
plan's resource portfolio. The intent was to provide a 
benchmark against which project sponsors could test leve
lized costs. If a project's estimated levelized costs were 
less than avoided costs, the resource would save the re
gion money over the resource portfolio, and therefore 
would be cost-effective. However, to be directly compara
ble to the avoided cost estimates, the project being eva
luated would need to have traits identical to those of the 
resources used in development of the avoided cost num
bers. This would rarely be true, and therefore the avoided 
costs in the 1986 plan and the 1989 supplement were of 
limited use. 

Methodology 

The resource evaluation methodology consists of 
three steps. The first step is the calculation of project 
stand-alone levelized cost. The levelized cost calculation 
should incorporate all direct and indirect capital costs, 
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associated finance rates, taxes, fixed and variable fuel 
costs, fixed and variable operating and maintenance costs, 
escalation rates, financial life and physical life. For compa
rability, the levelized costs should be expressed in real 
terms using a real discount rate of 3 percent (and assum
ing 5 percent future inflation). Costs should be expressed 
in January 1988 dollars. If year-to-year variation in energy 
output is expected, the average generation should be used 
in the levelizing calculation. Note that this section of 
Chapter 14 refers only to real levelized cost rather than 
nominal levelized cost. This was done to eliminate the 
adjustments that would be necessary due to different lives 
for resources that developers might propose. As was de
scribed above and in Volume II, Chapter 13, nominal leve
lization requires adjustment for comparable lifetimes for 
levelized costs to be comparable. 

The second step is to apply a series of adjustments to 
the stand-alone levelized cost. The magnitude of adjust
ment is based on a set of selected resource attributes. 
These are characteristics of resources which would be 
moot in a stand-alone cost analysis, but which would have 
an effect in a system-oriented analysis. Depending on the 
nature of the attribute, the adjustment could have a posi
tive or negative effect. The net effect of these adjustments 
would be to translate the stand-alone levelized costs into 
an estimated levelized cost from a system perspective. 

The final step is to compare the adjusted levelized 
cost to avoided cost estimates. The adjusted costs should 
now be on a basis that is comparable to system avoided 
costs, and direct comparison would be appropriate. A con
clusion of cost-effectiveness is warranted if the adjusted 
costs are lower than avoided costs. It implies that a full 
&)'Stem analysis would find that the resource produces net 
benefits to the region. Obviously, if adjusted costs are 
higher than avoided costs, the resource is not cost-effec
tive. 

Important System Perspective Resource 
Attributes 

A set of resource qualities was investigated and found 
to have significant effects in a system-oriented analysis. 
Again, these traits are limited to those that would have no 
effect in a stand-alone analysis. Obviously, other variables, 
such as capital or fuel costs, have a major effect on re
source cost-effectiveness, but these are already included 
in both the stand-alone and system analysis and would not 
lead to differences in conclusions between the methods. 
The resource attributes addressed and found to have sig
nificant effects included: 

1. seasonality, 

2. ratio of firm to average resource capability, 

3. discretionary versus non-discretionary scheduling, and 

4. construction lead time. 
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The results presented here were determined through 
use of the Council's decision analysis modeling system, 
except for the results on seasonality, which were deter
mined using the System Analysis Model. A base case was 
first developed for each variable. Structured changes were 
made to the variables, and new model runs were made to 
determine the change in the present value of system costs. 
System costs include fuel and operating costs for all gen
erating resources, revenue from secondary sales, emergen
cy purchase costs, and capital costs for all new generating 
resources and conservation programs. The present value 
changes in system costs were translated into levelized 
costs adjustments using a discount rate of 8.15 percent and 
a time period equal to the physical life of the resource, 
usually 40 years. All levelized costs and adjustments refer
enced in this section are in nominal terms and expressed 
in January 1988 dollars. A discussion of the results for 
each variable follows. 

Seasonality 

The effect of changing seasonality was studied by di
viding the year up into six separate two-month periods. 
The periods chosen were January-February, March-April, 
and so forth. Seven resources were studied, six of which 
produced all of their energy in one of these two-month 
periods. The seventh resource had a flat seasonal distribu
tion; that is, the energy output was constant across the 
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year. The resources were identical in all characteristics 
except for seasonality variations. 

The effects of changes in seasonality are depicted in 
Figure 14-2. The height of the bars reflects the increase in 
system cost (or reduction in value) over a project which 
would have a uniform or flat seasonal distribution. For 
instance, energy produced only in the January-February 
time period would be worth about 0.2 cents per kilowatt
hour more than a project which produced the same total 
annual energy output, but in a uniform fashion across the 
year. That is, the cost adjustment to the resource would be 
negative to account for the benefit. Energy in the May
June period only would receive a 1.2 cents per kilowatt
hour penalty. Late spring and summer is the high runoff 
period, and additional energy in this season is frequently 
of very limited value. On the other hand, energy produced 
in the September to December time frame results in a 
decrease in system cost (or increase in value) over a flat 
seasonal distribution. Fall and early winter is the season 
when combustion turbines have a higher probability of 
operation, because the probability of available nonfirm 
hydro energy is relatively low. Energy production in the 
fall, which displaces high variable cost combustion turbine 
energy, results in higher project value. 

Obviously, no resource will produce 100 percent of its 
output in any one of these three periods. However, the 
relative worth of seasonal energy contributions should be 
similar to that shown in Figure 14-2. Calculating a 
weighted average using the period cost adjustment 

-1.5 ...L__- ---- --- ---- ------- --~ 
Flat Jan- Mar- May- Jul- Sep- Nov-

Feb Apr Jun Aug Oct Dec 
Season 
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weighted by the percentage of energy produced in the pe
riod should produce a reasonable estimate of the total 
seasonal cost adjustment. A sample calculation is included 
in the example. 

Firm versus Average Energy Capability 

Some resources will have differences between average 
or expected energy capability and their firm capability. For 
instance, a typical hydro project will not be able to gener
ate as much energy in a poor runoff year as it could in a 
good water year. The region uses critical water capability 
as the basis for new resource development. A resource 
that has a reduction in capability that may be coincident 
with poor water conditions is of lower value than an iden
tical resource with no reduction. Other resources would 
need to be developed to maintain system reliability. This 
additional capital expenditure is offset to a degree by re
ductions in system production costs or increases in second
ary revenue under better water conditions, but the net 
effect is to increase expected system costs. 

The effect of a reduction in firm capability is shown in 
Figure 14-3. The results are expressed as a function of the 
ratio of firm to average energy capability. The data points 
shown on the graph are model generated results. Values 
for the penalties range from zero cents per kilowatt-hour 
at a ratio of LO, to about 0.6 cents per kilowatt-hour at a 
ratio of zero. 
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Linear regression provides a good fit to the data and 
yields the following equation: 

Cost Adjustment = 
0.55 - 0.55 x (Firm Energy 7 Average Energy) 

Discretionary versus Non-Discretionary 
Scheduling 

A discretionary resource has flexibility in scheduling. 
A non-discretionary resource has no flexibility in schedul
ing. A non-discretionary resource forces a construction 
decision to be made in a particular time period. It would 
imply a very short window during which the resource could 
be developed. An example might be a hydro project with a 
construction license about to expire, and no expectations 
for relicensing. If the resource is to be acquired, the deci
sion must be made immediately. Even if the resource is 
cost-effective, the acquisition pattern is likely to be sub
optimal. Depending on the cost of the resource, benefits 
might be maximized if the resource could be developed at 
a later date. Forcing immediate acquisition could postpone 
the development of cheaper resources. The cost penalties 
associated with non-discretionary resources depend on the 
cost of the resource. Obviously, forcing a cheap resource 
into the system ahead of need has less penalty than forc
ing an expensive one. 

0.25 0.50 0.75 1.00 
Ratio of Firm to Average Energy 
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The Council's methodology for calculating avoided 
costs uses a non-discretionary resource as its base. The 
objective in Council avoided cost analyses to date has been 
to estimate the value of lost-opportunity resources. 
Therefore, no additional cost adjustments arc needed in 
cost-effectiveness determinations for a non-discretionary 
resource. However, rather than penalties for forced acqui
sition, the adjustments can be interpreted as benefits or 
decreases in perceived costs due to scheduling flexibility. 

The effect of moving from a non-discretionary to a 
discretionary basis for a resource is shown in Figure 14-4. 
The adjustment associated with allowing the construction 
decision for a resource to float is expressed as a function 
of stand-alone levelized cost. A resource with a stand
alone levelized cost of 2.0 cents would see an adjustment 
due to discretionary acquisition of about -0.2 cents. Free
ing up a 5-cent resource reduces its perceived system cost 
by about 1.2 cents. At a levelized cost of about 1.4 cents, 
the adjustment goes positive, indicating that to minimize 
system costs, the resource should be acquired immediate
ly, regardless of need. 

A linear relationship fits the data points well. The 
following equation can be used to calculate the adjust
ment for allowing discretionary decisions on a resource: 

Cost Adjustment = 
0.45 - 0.33 x Stand-Alone Levelized Cost 

It should be noted that the scheduling window used 
for this analysis was the full 20-year planning period. For 
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shorter scheduling windows (i.e., less flexibility), the bene
fits will be reduced. Conceptually, there is a family of 
curves, related both to the cost and the scheduling window 
for a resource. The levels of adjustments appropriate for 
shorter windows have not been studied to date. 

In addition, once discretionary decisions are allowed 
on a resource, the probability of acquisition becomes less 
than 1. Obviously, the more expensive the resource, the 
lower the likelihood of acquisition. This is the primary 
reason for the significant levels of adjustments seen for 
expensive resources. Giving the system an option on high
cost resources, without forcing acquisition, allows signifi
cant reductions in expected system cost over a forced 
acquisition scenario. This implies that the use of options in 
the resource acquisition process could provide significant 
!-.)'Stem benefits. 

Construction Lead Time 

The effects due to construction lead are only relevant 
if discretionary decisions are allowed on a resource. They 
do not apply to forced acquisition decisions. The conse
quences of lead time are derived largely through load un
certainty and flexibility. Because the degree of error in 
forecasting loads increases with the forecast period, there 
is a high degree of scheduling inaccuracy for long lead 
time resources. This leads to systems that have a high 
probability of being out of load/resource balance. Missing 
on either side of the mark can be expensive. If there is a 

• 
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surplus, capital will have been expended or energy pro
duced when it is not needed. If there is a deficit, high cost 
emergency purchases may be needed to meet load. On the 
other hand, shorter lead time resources can be scheduled 
closer to need and can allow more efficient management 
of resources and capital. 

The impact of lead time on resource cost is shown in 
Figure 14-5. These are penalties with respect to zero lead 
time or overnight construction. Cost penalties for lead 
times of one to three years are under 0.05 cents. However, 
after five years, penalties begin to increase rapidly, up to 
about 0.47 cents for a resource with a 10-year lead time. 

The relationship can be estimated with the following 
quadratic equation: 

Adjustment = 
0.008 x (Lead Time) + 0.0039 x (Lead Timef 

Example 

Tuble 14-1 is a simple illustration of the application of 
this methodology for a hypothetical small-scale hydro 
project. 

The cost adjustment for seasonality would be calcu
lated using the values shown in the example, as follows. 
Figure 14-2 shows seasonal benefits, which are weighted 
by the generation seasonal shapes shown above: 

0.21(0.10) - 0.05(0.15) - 1.22(0.40) 
+ 0.14(0.15) + 0.62(0.10) + 0.68(0.10) = 

- 0.323 cents per kilowatt-hour 

The negative benefit calculated above is a cost, so it 
will be added to the stand-alone cost. 

RESOURCE COST-EFFECTIVENESS 

The cost adjustment for the ratio of firm to average 
output would be calculated using the equation for Figure 
14-3 as: 

0.55 - 0.55(.75) = 0.138 cents per kilowatt-hour 

The adjusted levelized cost would equal: 

3.7 + 0.32 + 0.14 = 4.16 cents per kilowatt-hour 

Figure 14-1 showed the Council's regional avoided 
cost estimates. For a resource with a physical life of 40 
years, the avoided cost is approximately 3.9 cents per 
kilowatt-hour. The project has an adjusted levelized cost 
that is more than avoided cost, and thus the resource 
would not be cost-effective. 

Other Considerations 

As previously mentioned, this analysis has been lim
ited in scope. The objective was to begin to define the im
portant variables left out of a stand-alone cost analysis 
and estimate their impact when viewed from a system per
spective. The results are based on an assumption of inde
pendence between the variables addressed in this study. 
For example, the study assumed differing seasonal distri
butions would have no effect on the adjustments for the 
ratio of firm to average capability. In reality, there prob
ably is some effect. Additionally, it was assumed that all of 
the impacts of physical life could be captured in the stand
alone levelized cost analysis. In reality, the magnitude of 
the variables addressed here will depend to some degree 
on physical life. Forty-year physical lives were assumed in 
this study. 

Table 14-1 
Example Data 

Expected Seasonal Generation 

• January-February 10 percent 

• March-April 15 percent 

• May-June 40 percent 

• July-August 15 percent 

• September-October 10 percent 

• November-December 10 percent 

Ratio of Firm to Average Output .75 

Stand-Alone Levelized Costs 3.7 cents per kilowatt-hour 

Physical Life 40 years 
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The target resources represented in this study are 
those believed most likely to be sponsored by independent 
power producers, with acquisition through purchase con
tracts. The analysis was targeted toward resources small in 
unit size (under 50 average megawatts) and would include 
primarily new hydro, cogeneration, wind and geothermal. 
An important assumption in this study is non-dispatchabil
ity. The resources of interest here were modeled as if both 
costs and energy were non-displaceable. Hence, these 
results would not apply to economically dispatched re
sources, such as combustion turbines or displaceable con
tracts. Additional analysis would need to be done 
investigating the impact of fixed/variable cost ratios at sev
eral different total cost levels to address dispatchable re
sources. 

Intended Use 

This methodology is intended to provide a means for 
utilities, regulators and resource developers to compare a 
proposed resource with other possible resources and to 
determine the value of the resource in serving the region
al load. The methodology is based on the Council's re
source portfolio and is intended to provide a regional 
perspective on the resource's cost-effectiveness. 

The methodology is not intended to determine wheth
er a particular resource is needed or cost-effective for an 
individual utility or whether the resource might be cost
effective to serve load outside the region. The perspective 
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of each utility differs somewhat from the regional perspec
tive. For example, avoided cost estimates are highly specif
ic to individual utilities. 

The methodology, however, also should be a useful 
starting point for determining the value of a resource from 
the perspective of a particular utility. Some adjustments 
described in this paper, such as seasonality adjustments, 
should be representative for any Northwest utility with 
significant hydro resources and firm combustion turbine 
capability. Other adjustments, such as avoided costs, can 
be adapted readily to reflect the unique circumstances of 
particular utilities. 

Moreover, this methodology is not intended to give a 
final answer about the desirability of or need for a particu
lar resource. The cost-effectiveness of a particular re
source is an important consideration, but other factors, 
which are not included in this methodology, must be con
sidered as well. 

In particular, there are significant non-quantified at
tributes that the Council uses in making a judgment about 
the resources that are included in the power plan. For 
example, the Council considers environmental concerns, 
such as the effect of the resource on fish anrl wildlife, in
door air quality, acid rain, mining impacts, transportation, 
employment, etc. The Council is required by the North
west Power Act to give a IO-percent cost advantage to 
conservation measures, reflecting the environmental desir
ability of such resources. 
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The Council also considers the effect of a resource on 
reducing future load growth uncertainty. The Council 
gives credit to resources that are flexible and will assist 
the region in adapting to the wide range of uncertainty it 
is facing. The Council also must decide whether sufficient 
valid cost and performance information is available on 
which to make an informed judgment. 

The location of a resource also is important. Remote 
resources may require substantial expenditures for trans
mission. Resources located near large load centers may 
have positive effects on system stability and reliability. 

Because of these additional considerations, the meth
odology in this section will not, by itself, give a final an
swer on the value to the region of a particular resource. 
Nor will this methodology exactly replicate the method by 
which the Council would evaluate a resource. It offers, 
however, a useful preliminary estimate of how a proposed 
resource compares with other resources in the resource 
portfolio. 

Resource developers sometimes are required to deter
mine whether a proposed resource is consistent with the 
Council's power plan. In the past, the only way in which to 
determine consistency with the Council's plan has been to 
request the Council to run computer simulations using its 
planning models. (Use of the Council's computer models 
for this purpose is made available at a nominal cost.) The 
Council's computer models will continue to be available 
for those seeking a more sophisticated and detailed analy
sis of regional cost-effectiveness. 
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CHAPTER 15 

RISK ASSESSMENT 
AND DECISION ANALYSIS 

Introduction 

The recognition and treatment of uncertainty is one 
of the cornerstones of the Council's planning efforts. 
While all planning disciplines are subject to the effects of 
uncertainty, power planning is especially so. Committing 
to acquisition levels for conservation programs or to con
struction of generating resources can be multi-billion dol
lar decisions. Typically, these decisions have to be made 
with large question marks attached to some of the critical 
variables in power planning. With the lead times asso
ciated with conservation and generating resource develop
ment, decisions may be needed up to 10 years in advance 
of need. That far into the future, forecasts simply cannot • 
be very precise for important variables, such as the level 
of demand, supply of resource alternatives, status of tech
nological development, environmental factors affecting 
resource development, capital costs, etc. 

In addition to long lead times, energy resources typi
cally have physical or operating lifetimes of 30 to 50 years 
or more. Over the resource's operating life, variables such 
as fuel costs and output of the region's hydropower system 
will further affect the cost-effectiveness of resource deci
sions. 

Nevertheless, even though the stakes are high, and 
information about the future is sketchy, decisions have to 
be made. The worst course of action would be to become 
paralyzed by future uncertainty and do nothing. The chal
lenge of planning is to use the best information available, 
assess the benefits and risks associated with various alter
natives, and take the course of action that is believed to 
best balance the costs and risks of energy decisions. 

Incorporating uncertainty into the planning process 
has both quantitative and qualitative components. The 
analytical process tends to focus on the quantifiable issues. 
However, there clearly are limitations on the variables for 
which quantitative values and probability distributions can 
be defined. These typically are limited to economic and 
physical variables, such as fuel price forecasts or hydro 
condition probabilities. Qualitative variables, such as the 
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political feasibility of particular resources or the environ
mental benefits and costs associated with a resource strat
egy, generally must be incorporated into the process 
through decision-maker judgment. 

The objective of this chapter is to describe the com
puter model the Council uses for the quantitative treat
ment of uncertainty. This model is called ISAAC, which is 
an acronym for the Integrated System for Analysis of Ac
quisitions. ISAAC was developed jointly by staff from the 
Bonneville Power Administration, the Intercompany Pool 
and the Council, with support from the Pacific Northwest 
Utilities Conference Committee. It is maintained jointly 
by the Council and Bonneville, and is used by both organi
zations for resource planning studies. The rest of this 
chapter will provide an overview of ISAAC, discuss some 
of the major features within the model and briefly de
scribe the major algorithms used in the modeling process. 

Background 

One of the hallmarks of the Council's plans has been 
the recognition and treatment of long-term load uncer
tainty. Ever since the first plan in 1983, the Council has 
characterized future demand through a range of load fore
casts, and has emphasized that future load could be any
where within that range. The forecast range acknowledges 
the highly uncertain nature of the assumptions underlying 
the forecast, and abandons the idea of point forecasting 
and planning resources to a specific load level with little 
consideration of other possible load outcomes. It recog
nizes the possibility of alternative futures and the large 
impact those futures will have on the types and amounts 
of resources that will be developed. 

The Council's plans also have placed an emphasis on 
flexible, short lead time resources. Shorter lead time re
sources reduce the period over which the need for new 
resources must be forecast, and allow resource sponsors to 
move closer to the point of actual need before committing 
large amounts of capital for construction. The less lead 
time needed for resource development, the better that 
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development can be matched with load. The result is that 
the chance for the system to be either surplus or deficit is 
lessened. 

However, quantitative estimates of the economic val
ue of flexibility are difficult to obtain with the analytical 
methods traditionally used in utility planning. Traditional 
planning models typically are designed to schedule or 
evaluate a set of future resources under one specific load 
condition or forecast. Loads are treated deterministically, 
and resource plans are formulated as if a utility has per
fect knowledge of future loads, leading to systems where 
supply and demand are in close balance over the planning 
horizon. This type of study structure reflects none of the 
benefits inherent in short lead time resources. A study 
that assumes perfect information on load will show no 
economic difference between two resources that have the 
same total cost, regardless of any differences in lead time. 

It is difficult to evaluate the effects of load uncertain
ty and their impact on cost-effectiveness with single load 
path models. The important effects to capture are the 
consequences of forecasting errors. It would be possible to 
manually set up studies that reflect errors in the resource 
planning process, resulting in systems that are out of load/ 
resource balance. However, it would be very time consum
ing to set up and run enough studies to be sure of a 
representative set of wrong outcomes. Most of the plan
ning studies performed before the advent of the Council 
were done under an assumption of perfect knowledge of 
future load. With single load path models, it is possible to 
model the single way of being right. It is virtually impossi
ble to model all the different ways of being wrong. How
ever, there is little doubt that the prediction of future 
conditions used to justify today's planning decisions will 
turn out to have some degree of error. 

Perhaps the feature that most sets ISAAC apart from 
other utility planning models is its treatment of long-term 
load uncertainty. The model uses the entire forecast range 
as an input. A single study may examine hundreds of dif
ferent load paths spread throughout the forecast range. 
The cost impacts and risks inherent in following a particu
lar resource strategy can easily be tested across the entire 
load range. Because of imperfect forecasts, errors in re
source planning are made, and the consequences are eva
luated in terms of their magnitude and likelihood. If there 
are benefits associated with increasing the flexibility of a 
resource portfolio, they are captured and explicitly eva
luated. This approach provides planners with the ability to 
assess the risks associated with different resource strate
gies and to explore alternatives to balance cost with the 
risk imposed by load uncertainty. This approach can pro
vide decision-makers with information in an area where 
previously they had to rely largely on intuition and judg
ment. 

ISAAC uses a modeling approach that combines fea
tures of "Monte Carlo simulation'' and decision analysis. 
Monte Carlo simulation is a technique for exploring un
certainty by using a mathematical model of a system with 
uncertain elements to make repeated experiments on that 
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system. It can be used to build quite complex models of 
real world systems. Decision analysis is a branch of opera
tions research involving the evaluation of decisions in light 
of uncertain future events. It can provide insights into the 
range of consequences for a decision, and can be particu
larly helpful in arriving at decisions that balance the some
times-conflicting objectives of reducing both cost and risk. 
This is the focus of the quantitative problem addressed 
with ISAAC. Given the complexities and future uncertain
ties surrounding the Northwest power system, what set of 
policies and resource actions can provide the best trade
off between cost and risk? 

It should be pointed out that ISAAC is not an opti
mizer. It does not attempt independently to find the best 
resource decision or decision strategy. The decisions or 
strategies for resource development are user-defined in
puts into the model, and the model is simply a tool to al
low the evaluation of alternative actions. By comparing 
the results produced by one set of decisions versus anoth
er, it is possible to discern the advantages of one course of 
action over another. 

Model Overview 

An overview of ISAAC and the general modeling pro
cess is shown schematically in Figure 15-1. As discussed 
previously, an important set of inputs are the load forecast 
scenarios that define the load range and the probability 
distribution for that range. Other important inputs include 
the resource alternatives available (both conservation and 

•generating resources), their supply distributions and con-
straints on rates of development, physical and economic 
characteristics of both new and existing resources, data 
characterizing the variability of the Northwest hydro sys
tem, and the nature of out-of-region energy markets. 
Also, instead of specifying a fixed resource schedule, the 
user specifies a "resource strategy" that, in general terms, 
defines the types of resources preferred. 

The model randomly generates future load paths that 
in aggregate will have a probability distribution consistent 
with that specified in the input. It then moves through the 
future along one of these random load paths, forecasting 
and making resource decisions as consistently as possible 
with the resource strategy. It has very limited knowledge 
of the future and internally develops its own forecasts 
based on the characteristics of the original input load fore
cast range. Resource decisions are made concerning the 
management of individual conservation programs, pre
construction or option decisions for generating resources, 
and construction decisions for generating resources. 

As the future within the model unfolds, random selec
tions are made for uncertain variables. These can include 
such things as direct service industrial loads and loads that 
are not direct service, resource supply, hydro conditions, 
fuel prices, status of out-of-region markets and successful 
completion of resource options. As in the "real world," 
the observed values for these variables frequently turn out 
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to be different than the predictions used when decisions 
were made. 

Costing routines are used to keep track of the capital 
and production costs associated with the observed load 
and resource schedule, as well as secondary sales and 
need for purchases. Retail rates are calculated, and the 
load path is adjusted for price effects. 

The model repeats the entire process for each year of 
the planning horizon. After one pass is completed, it will 
have simulated the effect of the resource strategy under 
one set of future conditions. Because of the large number 
of possible alternative futures, it is usually necessary to 
make many passes through the future to ensure statistical 
reliability for the results. The outcomes of all the passes 
are compiled into a variety of reports describing the eco
nomic and physical results for selected variables. Reports 
are generated that describe not only the expected value or 
mean outcomes, but also describe the distribution of out
comes for important variables. 

The following sections describe some of the major 
features of ISAAC. 

Multiple Planning and Dispatch Parties 

To accommodate the institutional relationships and 
interests of the various organizations involved in electrical 
energy planning in the Northwest, ISAAC uses the institu
tional structure illustrated in Figure 15-2. There are three 
major categories used within ISAAC for utility organiza-

Model 
Overview 

Load Scenarios 

Probability Distribution 

Resource Alternatives 

Supply Distributions 
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tions. The first of these is referred to as a "planning 
party." A planning party is defined as any utility or group 
of utilities for which planning activities are modeled sepa
rately. Within a study, each separate planning party can 
pursue its own resource strategy, independently of what 
others in the region do. The loads, resources and invest
ment decisions for each planning party are tracked sepa
rately. A planning party does its own load forecasting, can 
have a reserved set of conservation and generating re
sources, and has its own priority order for resource devel
opment. One of the options available for planning parties 
is to place a user-defined portion of its load growth on 
Bonneville, through the power sales contract provisions of 
the Northwest Power Act. There is no limit on the num
ber of planning parties allowed in a study. It would be pos
sible to treat each utility in the Northwest as a separate 
planning party; however, the data development for such a 
configuration would not be trivial. 

The second major organizational category is that of 
"dispatch party." A dispatch party is defined as a utility or 
group of utilities for which system operations and produc
tion costing are modeled separately. Because of the com
plexity of Northwest hydro-thermal operations and the 
system interactions of utilities, the number of dispatch 
parties in a study is limited to either three or four. A 
three-party study will have Bonneville, the aggregated 
generating publics and the aggregated investor-owned 
utilities as the three dispatch parties. A four-party study 

Load Paths 

Resource Strategy 
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allows either the generating public group or the investor
owned utility group to be broken down into two groups. In 
studies where more than three planning parties are de
fined for a study, the user can specify a planning party to 
keep separate in the system operation routines as the 
fourth dispatch party. This new group will typically repre
sent an individual utility and will have been defined as an 
individual planning party. All other planning parties will 
have their loads and resources aggregated into either the 
Bonneville, generating public or investor-owned utility 
groups for the system operation simulation. The ability to 
isolate a planning party as the fourth party in the dispatch 
party allows the model to track all of the costs associated 
with the expansion plans of an individual utility. 

The final major category for organizations is that of 
electrical rates. Rates are calculated at both the wholesale 
and retail level. At the wholesale level, Bonneville's prior
ity firm, new resource, nonfirm and industrial power rates 
are calculated. At the retail level, rates are differentiated 
according to average investor-owned utility domestic and 
rural rates, investor-owned utility commercial and indus
trial rates, average generating public rates, and average 
non-generating public rates. 
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Treatment of Load Uncertainty 

ISAAC currently has two alternative methods for 
treatment of non-aluminum industry loads. The method 
described here is the method used by the Council for 
characterization of load uncertainty. An alternative meth
od is used primarily by Bonneville. The differences in the 
alternatives arc largely methodological and are not be
lieved to produce substantively different results. Efforts 
are underway to merge the two methods into a single ap
proach. 

One of the first steps taken by the model in a pass 
through the future is the creation of a load path for non
aluminum industry loads. This process is shown on Figure 
15-3. The four detailed load forecasts are used to define a 
trapezoidal probability distribution for long-term load 
growth. A random selection is made from this distribution 
and is used to calculate the observed load at the end of 
the planning horizon. Because the input load forecasts do 
not have constant load growth rates over the entire plan
ning horizon, a trend growth pattern is determined to re
flect the general time series structure of the forecast. 
Once this load growth trend has been developed, the 
trend growth rates are modified with a series of random 
shocks to introduce volatility into the load path. The pa
rameters influencing the amount of volatility in the load 
paths are controllable by the user. 
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Figure 15-4 is an illustration of the observed load 
paths generated by the model. It is a scatter diagram of 
regional non-aluminum industry load against time for a 
study in which only 50 load paths were generated. The 
Council uses at least 100 paths in an actual study. Each 
dash represents a load level that the model will observe as 
it moves through the future. The solid lines represent a 
set of continuous load paths that would be followed by the 
model. Alternative load paths all start at a particular load 
level in a particular year, but may end up at any point be
tween the low and high forecasts. The user has control 
over the size of the load range, the shape of the distribu
tion of ending load values, and the amount of volatility 
present in the individual load paths. However, the model 
has only internal forecasts of where a load path eventually 
will lead. It has limited forecasting ability and continually 
updates forecasts as it moves through time, but it is blind 
to the future load within the limits of the forecast range. 
Forecast and observed loads are broken down into the 
loads required for utility planning activities, system dis
patch and rate calculations, through a set of ownership 
and allocation matrices. 

Aluminum Industry Model 

The other component of load uncertainty is that asso
ciated with the direct service industry aluminum smelter 
loads. ISAAC contains an aluminum industry submodel 
that generates forecast and observed values for direct ser-
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vice industry loads. This submodel uses an aggregate pic
ture of the aluminum industry in the Northwest, rather 
than focusing on individual smelters. The market price for 
aluminum is treated as a random variable. It is assumed to 
be normally distributed, with a user-specified, long-term 
mean and standard deviation. The level of aluminum load 
is driven principally by forecast and observed prices for 
aluminum. 

Loads are determined through two major compo
nents. The first is a long-run smelter capacity decision. It 
is made through a method that describes smelter capacity 
as a function of estimated present value of aluminum pro
duction profits. The upper and lower bounds for capacity 
and the parameters defining capacity as a function of net 
present value are user defined. The actual amount of alu
minum load is driven by a function that describes how 
much of the smelter capacity will be used based on costs 
of production and the price of aluminum. Aluminum load 
forecasts are done annually and are based on forecasts of 
aluminum price. These forecasts are used in the system 
expansion routines for acquisition of resources. Observed 
load levels are determined quarterly, and are based on 
observed prices for aluminum. The observed load levels 
are used in the system operation routines. The direct ser
vice industry variable rate is modeled and is assumed to be 
in effect through 1996. Improved aluminum plant efficien
cy through the conservation modernization (Con-Mod) 
program is modeled and is controlled externally through 
user inputs. 
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One thing to note about the aluminum load logic is 
that it produces loads that are largely independent of the 
level of regional non-direct service industry load. This is a 
departure from the assumption in the detailed load fore
casts, where high direct service industry loads accompany 
the high forecast, low loads accompany the low forecast, 
etc. In ISAAC, the assumption is that long-run aluminum 
prices are driven by world markets, and will be determined 
independently from regional economic conditions. While 
the pattern of correlation between direct service industry 
and non-direct service industry loads differs from the de
tailed demand forecasts, the range of loads should not. 
ISAAC's aluminum submode! is usually calibrated to re
sult in approximately the same range of aluminum indus
try loads as contained in the detailed demand forecasts. 

Option and Build Requirements 

Two of the input parameters defining the resource 
strategy are the option level and build level. The option 
level governs the amount of resource for which options 
would be acquired and held in inventory. The build level 
governs the amount of resource moved out of inventory 
and into actual construction as well as the acquisition ef
forts for conservation programs. The option and build lev
els represent levels within the range of load uncertainty to 
use as guides for making resource decisions. 

An example is shown in Figure 15-5. In this example, 
the region has moved out along a somewhat random load 
path and finds itself at load level "C' in time period ''T." 
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The future load path is still unknown, and decisions must 
be made in the face of this uncertainty. To do this, a range 
forecast is first made from period "T," and a probability 
distribution is applied to the forecast range. The length of 
the forecast corresponds to the longest lead time of avail
able resources. The range of this new forecast range is 
likely to be narrower than the original range in the same 
time period. The high growth rate still is achievable, but 
since the model is now at a middle point in the range, it is 
very unlikely that it will ever reach the original high load 
path. Within this range, further forecasts must be made to 
use as a guide in making option decisions and build deci
sions. 

The approach shown here is to develop a 50-percent 
cumulative probability (median) forecast and add or sub
tract constant energy amounts to develop the option and 
build forecast. In this example, 1,500 average megawatts is 
added to the median forecast to generate the option fore
cast. The build level adjustment is zero, and the build 
forecast is identical to the median forecast. Another alter
native for specification of the option and build levels is to 
use only cumulative probabilities within the conditional 
forecast range. For example a 90-percent option level 
would correspond to a forecast level that 90 percent of 
conditional load paths would be below. Once these fore
casts have been made, a set of resource priorities is used 
to guide resource decisions. Conservation acquisition and 
generating resource build decisions are guided by the 
build-level forecast. Generating resource option decisions 
use the option-level forecast as a target. 
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Resource Scheduling Decisions 

The level of need for resource decisions is determined 
by subtracting existing ~)'stem resources and the energy 
associated with previous decisions from the option-level 
and build-level target forecasts. Figure 15-6 shows an ex
ample of this calculation. This diagram shows the energy 
of existing resources, plus the energy resulting from a set 
of conservation acquisition and generating resource build 
decisions that were made in previous years. Note that not 
all of this new resource is likely to be online in the mod
el's current year, but will come online as resources com
plete construction. The difference between these 
resources and the build forecast represents the amount of 
energy the model will attempt to secure from additional 
conservation and generating resource build decisions. The 
need for additional resource options is determined by 
comparing the target option forecast to the sum of existing 
resources, energy from previous conservation and build 
decisions, and potential energy from previous option deci
sions if fast-tracked into construction. 

Conceptually, the process of making decisions con
cerning resource development in ISAAC is straightfor
ward. The objective of the model's system expansion logic 
is to make decisions as consistently as possible with the 
user-defined resource strategy. As just discussed, the op
tion and build levels are two components of a resource 
strategy. The other elements include a specified priority 
order for resource development, a set of constraints on 
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resource availability and, potentially, a set of forced deci
sions to be made regardless of need. Note that the conser
vation programs and generating resources are freely mixed 
in the resource priority order. Also, the priority order is 
externally defined by the user. It is not determined inter
nally on the basis of forecast resource economics. The 
Council ultimately develops a priority order by first 
screening resources based on levelized costs. It then 
makes multiple trials of priority orders using ISAAC to 
capture the system-cost impacts of unit size, lead time, 
seasonal shape, secondary energy markets, integration into 
the existing system and uncertain variables. Finally, the 
Council makes modifications to the priority order, based 
on judgment, to account for the qualitative factors ex
cluded from the analysis. 

Resource decisions are made by stacking the remain
ing energy available from conservation programs and gen
erating resources under the build and option requirements 
in accordance with the priority order. Forced decisions 
specified by the user are made regardless of need as are 
acquisitions of non-discretionary conservation programs. 
For discretionary decisions, recognition is made of lead 
times and development rate constraints. If energy from a 
resource is needed at a point in time that is equal to or 
less than its lead time, an action is taken on the resource. 
If the resource is expected to be needed at a point beyond 
its lead time, the action is deferred. Build decisions on 
generating resources consider only the construction lead 
time and can only be made on generating resources that 
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have completed pre-construction activities and arc cur
rently in the option inventory. Option decisions consider 
the total generating resource lead time. Conservation pro
grams use a user-defined scheduling window to determine 
program management actions. 

There can be occurrences where the resource priority 
order is not followed explicitly. Constrained development 
rates can cause parallel development of many resources. 
The model's highest priority is to maintain the reliability 
targets specified. Events, such as sudden spurts in load 
growth, may require scheduling resources with lower 
priority, but shorter lead time, in order to maintain bal
ance with respect to the option and build levels specified. 
It is also possible that reductions in observed load growth 
may cause options to expire before they can be used and 
may lead to choosing resources out of order. 

Conservation Program Modeling 

The conservation modeling capability within ISAAC is 
fairly extensive. A program is described through specifying 
a number of physical, economic and program management 
characteristics. Supply curves are defined through specify
ing program units available as a function of time and load 
level, in combination with values for savings per unit. As 
many different conservation programs as needed can be 
specified. The Council typically uses 12 to 15 different 
programs in its resource portfolio modeling. 

Conservation program types in ISAAC fall into four 
categories. The first type, typically referred to as a non-
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discretionary program, will have units automatically se
cured regardless of need for the program's energy. This is 
exemplified by programs that would be implemented by 
building code, such as the residential model conservation 
standards or new appliance efficiency standards. The units 
for this program type represent new purchases (e.g., new 
refrigerators purchased). Use of this program type forces 
acquisition of all new units and avoids the creation of lost 
opportunities. If the savings are not secured at the point 
of purchase, the opportunity will not arise again until the 
end of the lifetime of the newly purchased less-efficient 
unit. The number of units acquired for a non-discretiona
ry program will usually be linked to the observed load 
path. The higher levels of economic activity associated 
with the higher load growth paths will provide more con
servation savings potential than at lower paths. 

The second program type is similar to the first in that 
the units for potential acquisition represent new pur
chases. However, this is a discretionary program. That is, 
the units are not automatically acquired, but are secured 
through program management decisions. If the energy 
savings for a type-two program are not needed, they prob
ably will not be acquired. Use of this program could simu
late the creation of lost-opportunity resources. 

The third program type is a discretionary program 
used to acquire savings from existing end uses. An exam
ple of this type would be existing residential weatheriza
tion. The principal difference between this program type 
and the previous one is that it is assumed lack of action 
does not to create lost opportunities for conservation ac-
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quisition. If a house is not weatherized this year, it is still 
likely to be available for weatherization next year. 

The final program type available is a two-stage pro
gram and is really a combination of the first and third pro
gram types. The first stage is designed to capture the 
effect of customer actions in a particular sector due to 
price response in the absence of an active program. When 
it is determined that the system needs energy from this 
program, it transitions to an actively managed discretion
ary program, and program management actions are taken 
to secure the remaining energy. 

Conservation has historically been thought of as a 
very flexible, short lead time resource. The perception has 
been that it comes in small amounts and its acquisition 
could be easily managed to adapt to changing load growth 
patterns. The experience of the 1980s has shown that, 
while conservation is an attractive resource, there are lim
its to its flexibility. This can be caused by any number of 
factors, but is due primarily to the time it takes to develop 
conservation delivery mechanisms and to the resistance 
encountered when changing program design characteris
tics or utility funding levels. 

As discussed earlier, flexibility can affect system eco
nomics and cost-effectiveness. The flexibility of discretion
ary conservation in ISAAC is controlled through a set of 
program management parameters referred to as accelera
tion and velocity constraints. These are user defined and 
specified separately for each discretionary program. These 
parameters are used to define upper and lower limits for 

Conservation 
Constraints 
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the program activity levels and how quickly they can be 
changed. They are somewhat analogous to lead times for 
generating resources. These acceleration and velocity pa
rameters are shown graphically in Figure 15-7. They allow 
program development to be modeled much as the move
ment of a car would be, with the activity level of a pro
gram analogous to the velocity of the car. Each program 
has an upper limit to its activity level (maximum velocity) 
and constraints on how quickly the activity level can 
change (maximum acceleration and deceleration). A mini
mum activity level (minimum velocity) required to keep 
the program viable also is specified. High accelerations 
and velocities would mean a program is quite flexible and 
energy could be acquired quickly. Low values would indi
cate slow acquisition rates and difficulty in changing pro
gram activity levels. The modeling of these program 
constraints provides the ability to value the flexibility or 
constraints of conservation program development in as
sessing its cost-effectiveness. 

Generating Resource Modeling 

Like conservation programs, new generating resources 
are described through a number of physical and economic 
characteristics. Some resources, such as WNP-1 and 
WNf-3, are modeled individually, while others will re
quire some amount of aggregation for computational effi
ciency. For instance, dispersed resources, such as small 
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hydro and cogeneration, are typically aggregated into sev
eral generic blocks, and the input parameters describe the 
average values for the entire block. Supply curves for gen
erating resources are defined by specifying the number of 
individual units available as a function of both time and 
load level. If there is more potential available for a re
source under high load conditions, or if a user wanted to 
constrain the resource strateb'Y to acquire a resource only 
under certain load conditions, these constraints can be 
modeled. While the supply curves for generating re
sources generally have some level of aggregation, the re
source decisions are made on an individual unit basis. 

Decisions are made in two steps for all generating 
resources. The first is a decision to option or start pre
construction activities on a unit; that is, to enter the siting, 
licensing and design stage. The second decision is to move 
a unit into the actual construction phase. Once an option 
decision on a unit is made, the resource moves into a peri
od of pre-construction activity. If the unit successfully 
completes this stage, it moves into the option inventory. 
Once an optioned unit is in inventory, it becomes available 
for a decision to move it into the actual construction 
phase. Depending on need, it may be held in inventory for 
several years. Each generating resource has a user-de
fined inventory shelf life, and if a unit is not built before 
the end of its shelf life, it either expires and is no longer 
available as a regional resource, or again becomes a candi
date to enter the siting, licensing and design stage. Once a 
build decision has been made on a generating resource 

Resource 
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RISK ASSESSMENT AND DECISION ANALYSIS 

unit, it moves through the construction phase and enters 
commercial operation where it will be available for dis
patch through the end of its physical life. The process is 
summarized in Figure 15-8. 

The timing of generating resource decisions is driven 
by the option and construction lead times for a resource. 
Unless forced resource decisions are specified by the user, 
decisions are delayed for as long as is possible while still 
meeting the option and build level targets. The user also 
can specify constraints on the number of units for which 
option or construction decisions can be made in any given 
year. 

Another of the random variables modeled in ISAAC 
is the uncertainty associated with the successful comple
tion of the pre-construction phase for a resource, and, if 
successful, whether it will remain a viable option over the 
maximum time it can be held in inventory. The user speci
fies values for the probability that an option will fail dur
ing the siting, licensing and design stage, and for the 
chance of an option failing over the period it is held in 
inventory. These input values are used to define the prob
ability density functions for option failure during both the 
option and hold period. These are shown in Figure 15-9. 
The option failure distribution is treated as uniform over 
the option period; that is, if the attempt to gain the option 
fails, it has an equally likely chance of failing at any point 
during the pre-construction period. If the option is succes
sful and moves into inventory, the probability of failure 
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starts at zero and increases linearly to the end of the op
tion's shelf life. This represents a condition where the 
longer an option is held on the shelf, the higher the prob
ability is that it will be lost before a decision is made to 
construct. The model takes random samples from these 
distributions, first to determine if and when the option 
fails during the pre-construction period. If the unit suc
cessfully completes this phase, a sample is taken from the 
hold period density function to determine if and when it 
fails during its stay in inventory. As option failures hap
pen, information on the occurrence flows into the deci
sion-making routines so corrective actions can be taken. 

If a generating resource unit makes it all the way 
through the option or pre-construction stage and is moved 
into construction before an option failure occurs, it moves 
into commercial operation at the end of its construction 
period with certainty. In ISAAC, all of the uncertainty 
regarding the completion of a generating unit is resolved 
in the siting, licensing and design stage and during the 
period it is in inventory. Once a resource has negotiated 
the hurdles required to move into construction, it is as
sumed that it can be completed successfully. 

Resource Supply Uncertainty 

One thing many conservation programs and generat
ing resources have in common is uncertainty about future 
supply. While the Council believes that its data develop
ment process produces reasonable and balanced supply 
estimates, there is no question that today's forecasts of 
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cost and availability for future resource alternatives are 
highly uncertain. This is especially true of emerging tech
nologies, such as solar photovoltaics, or of resources, such 
as geothermal, where the ultimate cost-effective energy 
potential depends on the future confirmation of the size 
and quality of an uncertain heat source. 

ISAAC has algorithms that allow for the modeling of 
uncertainty in future resource supply and the examination 
of its impact on today's resource decisions. The methodol
ogy used to treat supply uncertainty is illustrated in Fig
ures 15-10 and 15-11. Expected resource supply estimates 
and the long-term coefficient of variation for the supply 
distribution are added by the user. The expected supply 
can be a function of time and load. The supply distribution 
is assumed to be normally distributed. At the beginning of 
a pass through the study period, a random sample is taken 
from the supply distribution. This defines the amount of 
resource supply that will be observed to be available at the 
end of the planning period. The percentage difference 
between the mean and the observed supply is applied uni
formly across the planning period to generate the ob
served supply through time. 

As shown in Figure 15-11, planning information for 
resource decision-making at the start of the study period 
is based on the mean value for resource supply. This rep
resents the current supply forecast, even though it is in 
error. Resource decisions are made on the basis of the 
forecast supply. If a supply forecast is too high, the re
source may be counted on for more energy than it ulti
mately can supply. If the forecast for an inexpensive 
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resource is too low, some cost-effective opportunities may 
be missed. As the model moves through the study period, 
the forecasts for resource supply are gradually adjusted to 
be consistent with the observed supply, simulating the pro
cess of learning more about the "true" resource potential. 
The resolution of this uncertainty is proportional to 
elapsed time, and the updated forecasts as seen from sev
eral points in time are shown in Figure 15-11. Any options 
on generating resources that would exceed the observed 
supply are forced to fail in the option failure process dis
cussed previously. Observed conservation units are limited 
to the observed supply, even though program targets may 
exceed it. The impact of errors that are made because of 
inaccurate supply forecasts are captured in the simulation 
and can help identify the risks associated with overde
pendence or underdependence on uncertain resources. 

Fuel Price Uncertainty 

An additional uncertainty treated in ISAAC is that 
associated with long-term fuel prices for generating re
sources. This effect is especially important to capture for 
high variable cost resources such as combustion turbines, 
gas-fired cogeneration, or rail-haul coal plants. Uncer
tainty in fuel prices can add significantly to the risk carried 
by the region, if substantial new commitments are made to 
these resources. 

The algorithm for treatment of fuel price uncertainty 
is quite similar to that used for long-term load uncertain
ty. The process is illustrated in Figure 15-12. The inputs 
for fuel price include an initial price in some reference 
year and an annual stream of real escalation rates. These 
are used to develop a time series for fuel prices, which 
serves as the expected value of price through time. Addi
tionally, a coefficient of variation is specified, which is 
used to generate a normal distribution for fuel prices at 
the end of the planning horizon. At the beginning of a 
load path, a sample is taken from this distribution. This 
defines the ending fuel price for this pass through the fu
ture. The ratio of observed to expected price is used to 
develop a long-term trend fuel price pattern. The trend 
growth rates are then modified with a series of random 
shocks to introduce volatility into the fuel price path. The 
parameters influencing the amount of volatility produced 
are controllable by the user. 

ISAAC has inputs for both variable-fuel and fixed
fuel price components for all generating resources, and 
fuel price uncertainty affects both components. It can be 
applied to any subset of both new and existing resources. 
Additionally, it is possible to model correlated fuel price 
groups. For example, if gas prices for combustion turbines 
are significantly higher than expected, prices for gas-fired 
cogeneration can be specified to show this same general 
pattern of escalation. Finally, because of the importance 
of revenues derived from the Pacific Southwest secondary 
energy market, dynamic adjustments can be made to the 
price structure of the Southwest market to reflect random 
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variations in the generating resource fuel prices that 
would be experienced in the Southwest. 

System Operation 

System operation and production costing is based on a 
composite model of the Northwest's hydroelectric system. 
Because of the dominance of the Northwest's hydroelec
tric system, ISAAC is an energy model only; there is cur
rently no treatment of capacity. Simulation of hydropower 
system operation is based on a one-dam model in which 
total hydro energy capability, natural streamflow energy, 
reservoir draft, and limits on draft and refill for the entire 
system are specified as single values for the various sea
sons and water conditions. Data for the hydropower model 
is based on the result of critical period studies and the 
40-year hydro regulation studies performed as part of the 
Northwest Regional Forecast. To capture the impact of 
streamflow variability, each year the model randomly 
chooses a water condition based on probabilities associated 
with the 102-year water record. Four discrete time periods 
are used for evaluation within each operating year: Sep
tember through December, January through April, May, 
and June through August. May is modeled separately to 
provide better resolution on the system impact of the 
spring fish flows. 

Within the dispatch, all resources fall into one of six 
categories: nuclear, low-operating-cost coal, high-opera
ting-cost coal, simple-cycle combustion turbines, com
bined-cycle combustion turbines and load-reduction 
resources. The non-dispatchable resources, principally 
conservation and renewables, are usually modeled as 
load-reduction resources, with seasonally shaped energy 
contributions. Thermal units are modeled with deration 
through their equivalent availability, and are shaped sea
sonally according to specified maintenance schedules. Nu
clear units are treated as must-run resources. All other 
thermal operation is modeled with economic dispatch 
against firm, interruptible and secondary market load 
blocks, as needed under the various hydro conditions. The 
secondary market is modeled as a four-tiered market with 
seasonal prices and seasonally shaped demand blocks 
changing through time. Transmission access to Northwest 
parties and BC Hydro is guided by the long-term intertie 
access policy. If firm regional load cannot be met with re
gional resources, attempts are made to buy energy from 
out of region markets in Canada and the Pacific South
west. The Council currently assumes up to 1,500 mega
watts of energy is available from the Southwest at natural 
gas-fired combustion turbine prices. Any firm load that 
cannot be met through these emergency purchases is as
sumed to be curtailed and is costed at a user-specified 
price. (The Council currently uses 15 cents per kilowatt
hour for firm curtailments.) Curtailments of interruptible 
load are priced near interruptible rates. 
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Random 
Fuel Prices 

Figure 15-12 
Fuel Price 
Development 
Process 

Fuel Price 

As mentioned previously, the system operation logic 
accommodates either three or four dispatch parties, de
pending on user specification. In a three-party dispatch, 
operations, costs and revenues are tracked separately for 
Bonneville, the aggregate generating publics and the ag
gregate investor-owned utilities. In a four-party dispatch, 
an individual generating public or investor-owned utility 
can be further isolated. Dispatch parties are modeled with 
their own loads and resources and have individual rights to 
firm hydro, secondary energy, intertie access, etc. Rights 
to interchange are modeled, as are economic transactions 
between Northwest parties. The four-party dispatch op
tion allows estimates for all of the system costs associated 
with an individual utility planning strategy to be captured 
and isolated in the simulation. 

Financial Analysis 

Financial modeling in ISAAC is performed through a 
two-step process. At the beginning of a study, a submode! 
referred to as Microfin performs detailed calculations for 
capital revenue requirements for each possible resource 
and sponsor combination. These are translated into a set 
of factors expressing yearly real capital revenue require
ments as a proportion of the cost of the resource and are 
stored for later use. Then in the simulation, whenever a 
resource is developed by a sponsor, the appropriate set of 
factors is used to estimate the stream of nominal capital 
revenue requirements for that resource. 
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Trend; 

Time~ 

Microfin treats both conservation programs and gen
erating resources. Annual revenue requirements can be 
made up of a number of cost components. These include 
return on debt, return on equity, depreciation, state and 
federal taxes, deferred state and federal taxes, insurance, 
property tax and gross revenue tax. Direct capital expendi
tures for a resource are spread over the construction peri
od according to user-defined cash flow distributions. User 
options allow the selection of rate-base inclusion of con
struction work in progress, or to accumulate an allowance 
for funds used during construction, with no return allowed 
on either the direct or indirect investment until the re
source is placed in-service. A further option to simulate 
Bonneville financing through Treasury borrowing also is 
allowed. In addition, provisions are made to accommodate 
the Bonneville acquisition of resources that would be de
veloped by a party placing requirements contracts on Bon
neville or by an independent power producer. 

Only the capital expenditures associated with con
struction of a resource are financed. Generating resource 
option costs are expensed uniformly over the pre-con
struction period. If a resource fails during the option pro
cess, its option expenses are prorated according to how far 
it had gone through the process before it failed. Option 
hold costs required to maintain an option on a resource 
while it is held in the option inventory are expensed, as 
are the administrative costs associated with conservation 
programs. For conservation programs, user-defined incen
tive levels are used to control how much of the conserva
tion investment is funded by utilities and how much by 
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consumers. The financial parameters and accounting 
methods for utilities and consumers can be defined sepa
rately. 

Rates and Price Effects 

ISAAC includes a rates module that estimates Bonne
ville wholesale rates and average utility retail rates for a 
number of rate categories (see Figure 15-2). The rates 
methodology is fairly complex, and a description here 
would be overly ambitious. The logic is a somewhat 
streamlined version of Bonneville's more detailed models 
(e.g., the Supply Pricing Model), but is considered ade
quate to capture the general rate effects of differing re
source strategies. 

Price elasticity of demand can have an effect on the 
cost-effectiveness and need for resources, and is treated 
in the model. The detailed demand forecasts that are in
puts to ISAAC are developed through detailed end-use 
and econometric models. These forecasting models calcu
late changes in price and the resulting response in loads. 
That is, price effects already have been accounted for at 
the price levels underlying the detailed forecasts. In 
ISAAC, further adjustments to demand due to price only 
are required if the resource strategy produces prices that 
are inconsistent with those underlying the detailed fore
casts. To allow the model to track these differences, a ref
erence price structure is entered, which defines the level 
of prices associated with the detailed forecasting models 
as a function of load path. As a random load path within 
ISAAC unfolds, this reference-price/reference-load struc
ture is used to discern whether the observed prices are 
consistent with the reference prices associated with the 
detailed forecasts. If they are consistent, no further adjust
ment due to price effects is required. If loads and prices 
are determined to be out of equilibrium, appropriate ad
justments to load are made. 
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administrative costs 
Certain overhead costs related to conservation or generat
ing resources, such as project management and accounting 
costs incurred by utility or contractor staff. 

alternating current (AC) 
An electric current in which the electrons now in alter
nate directions. In North American electrical grids, this 
reversal of now is governed at 60 cycles per second 
(Hertz). With some exceptions (see "direct current"), 
commercial electric generation, transmission and distribu
tion systems operate on alternating current. 

anadromous 
Fish that hatch in freshwater, migrate to the ocean, ma
ture there, and return to freshwater to spawn. For exam
ple, salmon or steelhead trout. 

available technology 
In this power plan, the term "available technology" refers 
to equipment or facilities for generating and conservation 
resources, including electrical appliances, that are current
ly available and are expected to be generally available in 
the marketplace during the 20-year planning period. 

average cost pricing 
A concept used in pricing electricity. The average cost 
price is derived by dividing the total cost of production by 
the total number of units sold in the same period to obtain 
an average unit cost. This unit cost is then directly applied 
as a price. 

average megawatt or average annual megawatt 
Equivalent to the energy produced by the continuous op
eration of one megawatt of capacity over a period of one 
year. (Equivalent to 8.76 gigawatt-hours, 8,760 megawatt
hours or 8,760,000 kilowatt-hours.) 

avoided cost 
An investment guideline, describing the value of conserva
tion and generation resource investments in terms of the 
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cost of more expensive resources that would otherwise 
have to be acquired. 

base loaded resources 
Base loaded electricity generating resources are those that 
generally are operated continually except for maintenance 
and unscheduled outages. 

billing credit 
Under the Northwest Power Act, a payment by Bonneville 
to a customer (in cash or offsets against billings) for ac
tions taken by that customer to reduce Bonneville's obli
gations to acquire new resources. 

Bonneville Power Administration (Bonneville) 
A federal agency that markets the power produced by 
Federal Base System resources and resources acquired 
under the provisions of the Northwest Power Act of 1980. 
Bonneville sells power to public and private utilities, di
rect service industrial customers and various public agen
cies. The Northwest Power Act charges Bonneville with 
other duties, including pursuing conservation, acquiring 
sufficient resources to meet its contract obligations, fund
ing certain fish and wildlife recovery efforts and imple
menting the Council's plan. 

Btu (British thermal unit) 
The amount of heat energy necessary to raise the temper
ature of one pound of water one degree Fahrenheit (3,413 
Btus are equal to one kilowatt-hour). 

buy-back program 
A conservation program that, in effect, purchases electri
cal energy in the form of conservation measures installed 
by a consumer. The consumer is paid a certain amount per 
kilowatt-hour of energy saved. 

callback 
A power sale contract provision that gives the seller the 
right to stop delivery of power to the buyer when it is 
needed to meet other specified obligations of the seller. 
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capacity 
The maximum power that a machine or &ystem can pro
duce or carry under specified conditions. The capacity of 
generating equipment is generally expressed in kilowatts 
or megawatts. In terms of transmission lines, capacity re
fers to the maximum load a line is capable of carrying un
der specified conditions. 

climate zone 
As part of its model conservation standards, the Council 
has established climate zones for the region based on the 
number of heating degree days, as follows: Zone 1: 
4,000-6,000 heating degree days (the mild maritime cli
mate west of the Cascades and other temperate areas); 
Zone 2: 6,000-8,000 heating degree days (the somewhat 
harsher eastern parts of the region); and Zone 3: more 
than 8,000 heating degree days (western Montana and 
higher elevations throughout the region). 

coal gasification 
The process of converting coal to a synthetic gaseous fuel. 

cogeneration 
The sequential production of electricity and useful ther
mal energy. This is frequently accomplished by the recov
ery of reject heat from an electric generating plant for use 
in industrial processes, space or water heating applica
tions. Conversely, cogeneration can be accomplished by 
using reject heat from industrial processes to power an 
electricity generator. 

combined-cycle power plant 
The combination of a gas turbine and a steam turbine in 
an electric generation plant. The waste heat from the gas 
turbine provides the heat energy for the steam turbine. 

combustion turbine 
A turbine engine generator, often fired by natural gas or 
fuel oil, used to generate electricity. The turbine genera
tor is turned by combustion gases rather than heat-created 
steam. 

conductor 
Wire or cable for transferring electric power. 

conservation 
According to the Northwest Power Act, any reduction in 
electric power consumption as a result of increases in the 
efficiency of energy use, production or distribution. 

construction lead time 
The length of time between a decision to construct a re
source and when the resource is expected to deliver power 
to the grid. Generally defined for purposes of this plan as 
the interval between detailed engineering and equipment 
order to completion of start-up testing. 

cost-effective 
According to the Northwest Power Act, a cost-effective 
measure or resource must be forecast to be reliable and 
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available within the time it is needed and to meet or re
duce electrical power demand of consumers at an esti
mated incremental system cost no greater than that of the 
least-costly, similarly reliable and available alternative or 
combination of alternatives. 

cost of debt 
The amount paid to the holders of debt (bonds and other 
securities) for use of their money. Generally expressed as 
an annual percentage in this plan. 

cost of equity 
Earnings expected by a shareholder on an investment in a 
company. Generally expressed as an annual percentage in 
this plan. 

critical period 
The sequence of low water conditions during which the 
regional hydropower system's least amount of energy can 
be generated (see "critical water") while drafting storage 
reservoirs from full to empty. Under the Pacific Northwest 
Coordination Agreement, critical period is based on the 
lowest multimonth streamflow observed since 1928. Based 
on analysis of streamflows at The Dalles Dam, this is also 
the lowest streamflow since recordkeeping began in 1879. 

critical water 
The sequence of streamflows in the critical period under 
which the hydropower system will generate about 12,500 
average megawatts. In an average year, the Northwest 
hydropower system will produce about 16,600 average me
gawatts. 

curtailment 
An externally imposed reduction of energy consumption 
due to a shortage of resources. 

debt 
Investment funds raised through the sale of securities hav
ing fixed rates of interest. 

debt/equity ratio 
The ratio of debt financing to equity financing used for 
capital investment. 

demand forecast 
An estimate of the level of energy that is likely to be 
needed at some time in the future. The Council's demand 
forecast contains a range of estimated consumption based 
on various assumptions about demographics and the state 
of the economy. 

direct application renewable resource 
Technologies that use renewable energy sources to per
form a task without converting the energy into electricity. 
These sources and their functions may include wood for 
space heat, solar for space heat and drying, geothermal 
space and water heating, and wind machines used for me
chanical drive (such as pumping). 
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direct current (DC) 
An electrical current in which the electrons flow continu
ously in one direction. Direct current is used in specialized 
applications in commercial electric generation, transmis
sion and distribution systems. 

direct service industry 
An industrial customer that buys power directly from the 
Bonneville Power Administration. Most direct service in
dustries are aluminum smelting plants. 

discount rate 
The rate used in a formula to convert future costs or 
benefits to their present value. For a detailed explanation, 
see Volume II, Chapter 13. 

dispatch 
Operating control of an integrated electrical system in
volving operations such as control of the operation of 
high-voltage lines, substations or other equipment. 

distribution 
The transfer of electricity from the transmission network 
to the consumer. Distribution systems generally include 
the equipment to transfer power from the substation to 
the customer's meter. 

drawdown 
Release of water from a reservoir for purposes of power 
generation, flood control, irrigation or other water man
agement activity. 

economic feasibility 
The Northwest Power Act requires all conservation mea
sures to be "economically feasible" for consumers. The 
Act does not define this concept. In this plan, the Council 
considers a program or measure to be economically feasi
ble if the measure or program results in the minimum 
life-cycle costs to the consumer, taking into account finan
cial assistance made available pursuant to other provisions 
of the Act. 

end use 
A term referring to the final use of energy. In the aggre
gate, it is used the same as "energy demand.'' In more 
detailed use, it often refers to the specific energy services 
(for example, space heating), or the type of energy-con
suming equipment (for example, motors). 

energy 
That which does, or is capable of doing, work. Energy is 
measured in terms of the work it is capable of doing. Elec
trical energy is commonly measured in kilowatt-hours, or 
in average megawatts (8,760,000 kilowatt-hours). 

energy services 
The actual service energy is used to provide (for example, 
space heat, refrigeration, transportation). 
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equity 
Investment funds raised through the sale of shares of 
company ownership. 

equivalent availability 
The ratio of the maximum amount of energy a generating 
unit can produce in a fixed period of time, after adjust
ment for expected maintenance and forced outage, to the 
maximum energy it could produce if it ran continuously 
over the fixed time period. This represents an upper limit 
for a long-run (annual or longer) capacity factor for a gen
erating unit. For example, a unit with an equivalent avail
ability of 70 percent and a capacity of 500 megawatts could 
be relied on to produce 350 average megawatts of energy 
over the long term, if required. 

externality 
Any costs or benefits of goods or services that are not ac
counted for in the price of the goods or services. Specifi
cally, the term given to the effects of pollution and other 
environmental effects from power plants or conservation 
measures. 

Federal Base System 
The system includes the Federal Columbia River Power 
System hydroelectric projects, resources acquired by the 
Bonneville Power Administration under long-term con
tracts prior to the Northwest Power Act, and resources 
acquired to replace reductions in the capability of existing 
resources subsequent to the Act. 

Federal Energy Regulatory Commission (FERC) 
A federal agency that regulates interstate aspects of elec
tric power and natural gas industries. It has jurisdiction 
over licensing of hydropower projects and setting rates for 
electricity sold between states. FERC was formerly the 
Federal Power Commission. 

firm capacity 
That portion of a customer's capacity requirements for 
which service is assured by the utility provider. 

firm energy 
That portion of a customer's energy load for which service 
is assured by the utility provider. That portion for which 
service is not assured is referred to as "interruptible." 

firm energy load carrying capability (FELCC) 
The amount of firm energy that can be produced from a 
hydropower system based on the system's lowest recorded 
sequence of streamflows and the maximum amount of 
reservoir storage currently available to the system. 

firm surplus 
Firm energy in excess of the firm load. 

fuel cycle 
The series of steps required to produce electricity from 
power plants. The fuel cycle includes mining or otherwise 
acquiring the raw fuel source, processing and cleaning the 
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fuel, transporting, generating, waste management and 
plant decommissioning. 

generation 
The act or process of producing electricity from other 
forms of energy. 

geothermal 
Useful energy derived from the natural heat of the earth 
as manifested by hot rocks, hot water, hot brines or 
steam. 

head 
The vertical height of water in a reservoir above the tur
bine. 

heat engines 
Devices that convert thermal energy to mechanical ener
gy. Examples include steam turbines, gas turbines, internal 
combustion engines and Stirling engines. 

heat rate 
The amount of input (fuel) energy required by a power 
plant to produce one kilowatt-hour of electrical output. 
Expressed as Btu/kWh in this plan. 

heating degree days 
A measure of the amount of heat needed in a building 
over a fixed period of time, usually a year. Heating degree 
days per day are calculated by subtracting from a fixed 
temperature the average temperature over the day. His
torically, the fixed temperature has been set at 65° Fahr
enheit, the outdoor temperature below which heat was 
typically needed. As an example, a day with an average 
temperature of 45° Fahrenheit would have 20 heating de
gree days, assuming a base of 65° Fahrenheit. 

hydroelectric power (hydropower) 
The generation of electricity using falling water to turn 
turbo-electric generators. 

independent power producer (IPP) 
An independent power producer is a power production 
facility that is not part of a regulated utility. Power pro
duction facilities that qualify under PURPA (see "qualify
ing facility") are considered independent power producers, 
together with other independent power production facili
ties, such as independently owned coal-fired generating 
plants. 

infiltration control 
Conservation measures, such as caulking, better windows 
and weatherstripping, which reduce the amount of cold air 
entering or warm air escaping from a building. 

insolation 
The rate of energy from the sun falling on the earth's sur
face, typically measured in watts per square meter. 
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Power that, by contract, can be interrupted in the event of 
a power deficiency. 

intertie 
A transmission line or system of lines permitting a flow of 
electricity between major power systems. 

investor-owned utility 
A utility that is organized under state law as a corporation 
to provide electric power service and earn a profit for its 
stockholders. 

ISAAC 
A computer model used by the Council to simulate system 
operation, decisions to option and build resources, and the 
associated costs of providing power across a large number 
of possible load forecasts. ISAAC accounts for the effects 
of uncertainty on the load forecast and variations in hy
dropower availability for analyzing various resource strate
gies. The Council uses the model to help choose the best 
mix of resources and to establish the power plan Action 
Plan. 

kilowatt (kW) 
The electrical unit of power that equals 1,000 watts. 

kilowatt-hour (kWh) 
A basic unit of electrical energy that equals one kilowatt 
of power applied for one hour. 

lead time 
The length of time it takes to move a resource from con
cept to completion. 

least-cost planning 
Least-cost planning or, as it is often called, "integrated 
resource planning," is a name given to the power planning 
strategy and philosophy adopted by the Council. This 
strategy recognizes load uncertainty, embodies an empha
sis on risk management, and reviews all available and reli
able resources to meet current and future loads. The term 
"least-cost" refers to all costs, including capital, labor, 
fuel, maintenance, decommissioning, known environmen
tal impacts and difficult to quantify ramifications of select
ing one resource over another. 

levelized life-cycle cost 
The present value of a resource's cost (including capital, 
financing and operating costs) converted into a stream of 
equal annual payments. This stream of payments can be 
converted to a unit cost of energy by dividing them by the 
number of kilowatt-hours produced or saved by the re
source in associated years. By levelizing costs, resources 
with different lifetimes and generating capabilities can be 
compared. 
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life-cycle costs 
See ''levelized life-cycle cost." 

load 
The amount of electric power required at a given point on 
a system. 

load forecast 
An estimate of the level of energy that must be generated 
to meet a need. This differs from a demand forecast in 
that transmission and distribution losses from the genera
tor to the customer are included. 

load path 
One future scenario for electric load growth, as opposed 
to a range that accommodates multiple forecasts of future 
load growth. 

lost-opportunity resources 
Resources that, because of physical or institutional charac
teristics, may lose their cost-effectiveness unless actions 
are taken to develop these resources or to hold them for 
future use. 

major resource 
According to the Northwest Power Act, a resource with a 
planned capability greater than 50 average megawatts and, 
if acquired by Bonneville, acquired for more than five 
years. 

manufactured home 
A structure, such as a mobile home, that is transportable 
in one or more sections, and that is built on a permanent 
chassis and designed to be used as a dwelling, with or 
without a permanent foundation, when connected to the 
required utilities. These homes must comply with the 
Manufactured Home Construction and Safety Standards 
issued by the U.S. Department of Housing and Urban De
velopment. 

This does not include other categories of homes whose 
components are manufactured, such as modular, sectional, 
panelized and pre-cut homes. These homes must comply 
with state and local building codes. 

marginal cost 
The cost of producing the last unit of energy (the long
run incremental cost of production). In the plan, "regional 
marginal cost" means the long-run cost of additional con
sumption to the region due to additional resources being 
required. It does not include consideration of such addi
tional costs to any specific utility due to its purchases from 
Bonneville at average cost. 

measure 
In this plan, a measure refers to either an individual con
servation measure or action or a combination of actions. 
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megawatt (MW) 
The electrical unit of power that equals one million watts 
or one thousand kilowatts. 

mill 
A tenth of a cent. The cost of electricity is often given in 
mills per kilowatt-hour. 

model conservation standards 
Any energy-efficiency program or standard adopted by the 
Council, including, but not limited to: 1) new and existing 
structures; 2) utility, customer and governmental pro
grams; and 3) other consumer actions for achieving con
servation. The most well known are the energy-efficient 
building standards developed by the Council for new elec
trically heated buildings. 

Monte Carlo simulation 
The mathematical simulation of uncertain events having 
known probability characteristics by random sampling from 
a known probability distribution function. 

municipal solid waste (MSW) 
Refuse offering the potential for energy recovery. Techni
cally, residential, commercial and institutional discards. 
Also included in the definition of municipal solid waste for 
purposes of this plan are non-hazardous processable by
products from manufacturing activities. Not included are 
combustible byproducts of the lumber, wood products, 
paper and allied products industries. These are considered 
separately as mill residue. 

net billed plants 
Refers to the 30 percent share of the Trojan Nuclear 
Plant, all of Washington Public Power Supply System's 
nuclear project 1 (WNP-1) and WNP-2, and 70 percent of 
WNP-3. 

net billing 
A financial arrangement that allowed Bonneville to un
derwrite the costs of electric generating projects. Utilities 
that owned shares in thermal projects, and paid a share of 
their costs, assigned to Bonneville all or part of the gener
ating capability of these resources. Bonneville, in tum, 
credited and continues to credit the wholesale power bills 
of these utilities to cover the costs of their shares in the 
thermal resources. Bonneville then sells the output of the 
thermal plants, averaging the higher costs of the thermal 
power with lower cost hydropower. 

nominal dollars 
Dollars that include the effects of inflation. These are 
dollars that, at the time they are spent, have no adjust
ments made for the amount of inflation that has affected 
their value over time. 
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nonfirm energy 
Energy produced by the hydropower system that is avail
able with water conditions better than critical and after 
reservoir refill is assured. It is available in varying amounts 
depending upon season and weather conditions. 

non-utility generator 
A generic term for non-utility power plant owners and 
operators. Non-utility generators include qualifying facili
ties, small power producers and independent power pro
ducers. 

option 
As used in this plan, a project that has been sited, licensed 
and designed, but not yet constructed. Options are held in 
inventory until new resources are clearly needed. 

overnight cost 
Total of all direct and indirect project construction costs, 
including engineering, overhead costs, fees and contingen
cy. Exclusive of costs attributable to interest and escala
tion incurred during construction. 

Pacific Northwest (the region) 
According to the Northwest Power Act, the area consisting 
of Oregon, Washington, Idaho, Montana west of the Con
tinental Divide, and those portions of Nevada, Utah and 
Wyoming that are within the Columbia River Basin. It 
also includes any contiguous areas not more than 75 miles 
from the above areas that are part of the service area of a 
rural electric cooperative served by Bonneville on the ef
fective date of the Act and whose distribution system 
serves both within and outside of the region. 

Pacific Northwest Coordination Agreement 
An agreement between federal and nonfederal owners of 
hydropower generation on the Columbia River system. It 
governs the seasonal release of stored water to obtain the 
maximum usable energy subject to other uses. 

Pacific Northwest Utilities Conference Committee (PNUCC) 
Formed by Pacific Northwest utilities to coordinate policy 
on regional power supply issues. PNUCC lacks contractual 
authority, but it does play a major role in regional power 
planning through its policy, steering, fish and wildlife, and 
lawyers committees, and the Technical Coordination 
Group. PNUCC publishes the Northwest Regional Fore
cast containing information on regional loads and re
sources. 

peak capacity 
The maximum capacity of a system to meet loads. 

peak demand 
The highest demand for power during a stated period of 
time. 
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penetration rate 
The annual share of a potential market for conservation 
that is realized, as in "7 percent of the region's homes 
have been weatherized this year." 

photovoltaic 
Direct conversion of sunlight to electric energy through 
the effects of solar radiation on semi-conductor materials. 

post-operational capital replacement costs 
The cost of major equipment replacements occurring dur
ing the operating life of a project. In practice, these costs 
generally are capitalized (i.e., financed by debt or equity). 
For resource cost-effectiveness analyses, these costs are 
frequently treated as expenses. 

preference 
Priority access to federal power by public bodies and coop
eratives. 

present value 
The worth of future returns or costs in terms of their cur
rent value. To obtain a present value, an interest rate is 
used to discount these future returns and costs. 

public utility commissions 
State agencies whose purpose is to regulate, among oth
ers, investor-owned utilities operating in the state with a 
protected monopoly to supply power in assigned service 
territories. 

Public Utility Regulatory Policies Act of 1978 (PURPA) 
Federal legislation that requires utilities to purchase elec
tricity from qualified independent power producers at a 
price that reflects what the utilities would have to pay for 
the construction of new generating resources (see 
"avoided cost"). The act was designed to encourage the 
development of small-scale cogeneration and renewable 
resources. 

qualifying facility (QF) 
Qualifying facility is a power production facility that quali
fies for special treatment under a 1978 federal law-Public 
Utility Regulatory Policies Act (PURPA). PURPA requires 
a utility to buy the power produced by the qualifying facil
ity at a price equal to that which the utility would other
wise pay if it were to build its own power plant or buy the 
power from another source. A qualifying facility must gen
erate its power using cogeneration, biomass, waste, geo
thermal energy, or renewable resources, such as solar and 
wind, and, depending on the energy source and the time 
at which the facility is constructed, its size may be limited 
to 80 megawatts or smaller. PURPA prohibits utilities 
from owning majority interest in qualifying facilities. 
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quantifiable environmental costs and benefits 
Environmental costs and benefits capable of being ex
pressed in numeric terms (for example, in dollars, deaths, 
reductions in crop yields). 

quartile 
The direct service industries load is divided into four quar
tiles. The top quartile is the portion of that load most sus
ceptible to interruption. 

R-value 
A measure of a material's resistance to heat flow. The 
higher the R-value, the higher the insulating value. 

real dollars 
Dollars that do not include the effects of inflation. They 
represent constant purchasing power. 

region 
See "Pacific Northwest." 

reliability 
The ability of the power system to provide customers 
uninterrupted electric service. Includes generation, trans
mission and distribution reliability. The plan deals only 
with generation reliability. 

renewable resource 
Under the Northwest Power Act, a resource that uses so
lar, wind, water (hydro), geothermal, biomass or similar 
sources of energy, and that either is used for electric pow
er generation or for reducing the electric power require
ments of a customer. 

reserve capacity 
Generating capacity available to meet unanticipated de
mands for power, or to generate power in the event of 
outages in normal generating capacity. This includes de
lays in operations of new scheduled generation. Forced 
outage reserves apply to those reserves intended to re
place power lost by accident or breakdown of equipment. 
Load growth reserves are those reserves intended for use 
as a cushion to meet unanticipated load growth. 

resource 
Under the Northwest Power Act, electric power, including 
the actual or planning electric capability of generating fa
cilities, or actual or planned load reduction resulting from 
direct application of a renewable resource by a consumer, 
or from a conservation measure. 

retrofit 
To modify an existing generating plant, structure or pro
cess. The modifications are done to improve energy effi
ciency, reduce environmental impacts or to otherwise 
improve the facility. 

sectors 
The economy is divided into four sectors for energy plan
ning. These are the residential, commercial (e.g., retail 
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stores, office and institutional buildings), industrial and 
irrigation sectors. 

simple payback 
The time required before savings from a particular invest
ment offset costs. For example, an investment costing $100 
and resulting in a savings of $25 each year would be said 
to have a simple payback of four years. Simple paybacks 
do not account for future cost escalation, nor other invest
ment opportunities. 

siting agencies 
State agencies with the authority for issuing permits to 
locate generating plants of defined types and sizes to utili
ties at specific locations. 

siting and licensing 
The process of preparing a power plant and associated 
services, such as transmission lines, for construction and 
operation. Steps include locating a site, developing the 
design, conducting a feasibility study, preliminary engi
neering, meeting applicable regulatory requirements, and 
obtaining the necessary licenses and permits for construc
tion of the facilities. 

space conditioning 
Controlling the conditions inside a building in order to 
maintain human comfort and other desired environmental 
conditions through heating, cooling, humidification, dehu
midification and air quality modifications. 

sunk cost 
A cost already incurred and therefore not considered in 
making a current investment decision. 

supply curve 
A traditional economic tool used to depict the amount of 
a product available across a range of prices. 

surcharge 
Under the Northwest Power Act, an additional sum added 
to the usual wholesale power rate charged to a utility cus
tomer of Bonneville to recover costs incurred by Bonne
ville due to the failure of that customer (or of a state or 
local government served by that customer) to achieve con
servation savings comparable to those achievable under 
the Council's model conservation standards. Surcharges 
can range from 10 to 50 percent of a customer's bill. 

System Analysis Model (SAM) 
A computer model used by the Council to determine re
source cost-effectiveness. SAM performs a detailed simu
lation of the Northwest generating system to estimate the 
cost associated with a specific set of loads and resources. It 
incorporates uncertainty associated with hydropower, ther
mal availability, resource arrival and load fluctuation due 
to economic cycles. 
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system cost 
According to the Northwest Power Act, all direct costs of 
a measure or resource over its effective life. It includes, if 
applicable, distribution and transmission costs, waste dis
posal costs, end-of-cycle costs, fuel costs (including proj
ected increases) and quantifiable environmental measures. 
The Council is also required to take into account proj
ected resource operations based on appropriate historical 
experience with similar measures or resources. 

thermal resource 
A facility that produces electricity by using a heat engine 
to power an electric generator. The heat may be supplied 
by burning coal, oil, natural gas, biomass or other fuel, by 
nuclear fission, or by solar or geothermal sources. 

tipping fee 
The fee assessed for disposal of waste. This fee is used 
when estimating the cost of producing electricity from mu
nicipal solid waste. 

transformer 
A device for transferring energy from one circuit to anoth
er in an alternating-current system. Its most frequent use 
in power systems is for changing voltage levels. 

transmission 
The act or process of long-distance transport of electric 
energy, generally accomplished by elevating the electric 
current to high voltages. In the Pacific Northwest, Bonne
ville operates a majority of the high-voltage, long-distance 
transmission lines. 

U-value 
The measure of a material's ability to conduct heat, nu
merically equal to 1 divided by the R-value of the materi
al. 

Washington Public Power Supply System (WPPSS) 
Municipal corporation and joint operation agency in Wash
ington comprising representatives of public utility districts 
and municipal utilities. Based on power purchase contracts 
of its members or other utilities, WPPSS has the power to 
acquire, construct and operate facilities for the generation 
or transmission of electric power. 

water budget 
A means of increasing survival of downstream migrating 
juvenile fish by increasing flows during spring and early 
summer migrations. The water budget was proposed by 
the Council and is overseen by it in conjunction with the 
U.S. Army Corps of Engineers, the fishery agencies and 
Indian tribes, the Bonneville Power Administration and 
the Bureau of Reclamation. 

watt 
The electrical unit of power or rate of energy transfer. 
One horsepower is equivalent to approximately 746 watts. 
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