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Foreword

The Northwest Power Planning Council
was created on April 28, 1981 in accord-
ance with the Pacific Northwest Electric
Power Planning and Conservation Act (the
Act). The Council is an interstate compact
agency made up of eight members, two
each from the states of Idaho, Montana,
QOregon, and Washington. All are appointed
by their governors and confirmed by their
legislatures. The Council is not an agency
of the United States government.

The Council was authorized by Congress
and created by the Northwest states to
encourage conservation and the develop-
ment of renewable resources in the North-
west (1) to assure an adequate, efficient,
economical, and reliable power supply,
and (2) provide for broad public participa-
tion and consultation in the development of
regional power plans and related fish and
wildlife programs. (A detailed description
of the Council’'s role is given in Appendix A.)

The Act directs the Council to “prepare,
adopt, and promptly transmit to the Admin-
istrator {of the Bonneville Power Adminis-
tration}] a regional conservation and elec-
tric power plan.” The Act also directs the
Council to accomplish this task by April 28,
1983. This plan describes the strategy devel-
oped by the Council to meet the region’s
electrical energy needs over the next two
decades with flexibility, responsibility, and
at the lowest cost to the region.

To lay the groundwork for development of
its strategy, the Council’'s initial meetings in
1982 were devoted to assessing the status
of regional electric demand forecasting, re-
source and conservation programs, and
other issues relevant to the Council's re-
sponsibilities. In the fall of 1981, the Coun-
cil initiated six major studies needed to
prepare this plan. Final reports totaling over
4,000 pages were completed in the summer
of 1982. Information obtained from these
reports was used by the Council to develop
this plan.

The Council established a public involve-
ment process to ensure that key issues
were reviewed by a broadly representative
Scientific and Statistical Advisory Commit-
tee, other interested parties, and the general
public.

This plan does not create one additional
kilowatt of energy in the region. Toaccom-
plish its purpose, the plan must be imple-
mented by Bonneville and other federal
agencies, the region’s utilities, state and
local government, private businesses, and
the people of the Northwest. The Council,
therefore. actively sought broad public re-
view of the draft document which was
issued on January 26, 1983. Seven days of
public hearings were held in five locations
throughout the region. The Council re-
ceived 18,000 pages of comments from
over 1,200 individuals, agencies and or-
ganizations.

This plan is the result of the evaluation and
revision of the draft document based on all
comments received in the Council’'s Port-
land office by March 21, 1983,

The Council adopted the Columbia River
Basin Fish and Wildlife Program on Novem-
ber 15, 1982. The program, which provides
for the “protection, mitigation and enhance-
ment” of fish and wildlife in the Columbia
River Basin, has been formally incorpo-
rated into this power plan as Volume III.
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“the Council shall prepare ... a
regional conservation and electric
power plan”

Chapter 1
Introduction

Today, the Pacific Northwest faces a new
challenge: to exert control over our energy
future. The region has the responsibility to
create a power plan that will meet with con-
fidence a wide range of potential tomor-
rows at the lowest possible cost to the rate-
payers of Washington, Oregon, Idaho, and
Montana.

In response to the challenge, the North-
west Power Planning Council’'s two main
goals are: (1) get the power the region
needs, and (2) get it at the lowest possible
cost.

The Council was authorized by the Pacific
Northwest Electric Power Planning and
Conservation Act of 1980 (the Act) and
created by the four Northwest states to
provide a new public forum for making
decisions about our energy future and for
determining the best resources for the
Bonneville Power Administration as we
head into the next century.

Energy Economics—
Then and Now

Today’s electric energy choices reflect a
reversal from yesterday's economics of
power. For years, the region had been
blessed with low-cost electricity from the
seemingly inexhaustible Columbia River
system. The rapid economic growth of the
region created a steady demand for more
and more power. Because of economies of
scale and growing sales of electricity to pay
the costs, each new dam actually brought
the cost of electricity down.

From 1940 to 1973, the wholesale rate for
public utility customers of the Bonneville
Power Administration dropped, when ad-
justed for infiation, from 1.7 centsto 0.5 of a
cent per kilowatt-hour (see figure 1-1). The
region’s huge hydropower system on the
Columbia, built when inflation and interest
rates were low, provided the nation’s cheap-
est electricity. From farm to factory, the
region prospered during this hydropower
era. With the cost of power dropping, “living
betterelectrically” became the axiom of the
times. Power planning in the 1950's and

Average Rate (cents/kilowatt-hour)

RO (.71

(1.67)

1.5

1.0

0.5

0.28

0
1937 1940 1945 1950 1955

1960 1965 1970 1975
Year

1980 1983

All figures based on 1980 dollars, adjusted for inflation.

Figure 1-1.
Bonneville Power Rates, 1937 - 1983

1960's involved minimal risk of being wrong.
If the supply of electricity exceeded de-
mand, demand was certain to catch up
soon. The far greater risk, or so it was per-
ceived at the time, was to underbuild, to
have demand for electricity exceed the
supply.

By the mid-1960's, with most of the major
hydropower sites developed, the region’s
utilities turned to thermal plants. The shift
to coal and nuclear plants was one which
other parts of the nation, not endowed with
great flowing rivers like the Columbia and
Snake, had made years before. For the
Northwest, however, the transition to the
thermal age was to become a most difficult
one.

In 1968, with projections for consumption
of electricity around 6 percent annual
growth, the utilities laid out the first phase
of the Hydro-Thermal Power Plan. The
program envisioned building twenty nu-

clear plants and two new coal facilities. The
concept, in part, was to use these plants to
meet the base electric loads in the region,
while the hydropower system would be
used to meet the daily and seasonal peaks
in demand.

Rapid growth was projected to continue for
years ahead, therefore, the Hydro-Thermal
Power Plan was based on the energy eco-
nomics of the day. Nuclear reactors ap-
peared to be cheaper to operate as base-
load facilities because so much of their cost
is in the building of the physical plant, notin
the cost of fuel. Once areactoris running, it
makes little economic sense to operateit to
follow the daily fluctuations in power de-
mand. The hydropower system, on the
other hand, could follow the hour-to-hour
demand for electricity in the region.

Few had anticipated the cost of the thermal
era transition. The cost of new coal or
nuclear plants escalated by billions of dol-
lars with power from these plants costing
many times more than power from the

1-1
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existing Northwest dams. Figure 1-2 com-
pares the average cost of existing hydro-
power dams, new conservation programs,
and new thermal plants. As the cost of the
new thermal plants increased, so did the
value of the hydropower system. Although
its output varies with annual rainfall and
snowpack conditions, the hydropower sys-
tem can generate thousands of megawatts
for atenth of what the electricity would cost
from additional thermal plants. Further-
more, during high-water years there is
enough cheap hydropower to allow other,
more expensive resources to be shutdown,
thus saving ratepayers some of the cost of
running thermal plants. A good example of
this occurred in 1982. A combination of
factors (high water, mild weather, and a
sluggish regional economy) resulted in
enough hydropower so that some thermal
plants, particularly coal units, were simply
shut down to save money. Given today's
cost of building and operating any new
plant, economics point toward getting max-
imum use out of the hydropower system
while planning new resources that com-
plement that system.

Between 1973 and 1983, after adjusting for
inflation, the wholesale cost of electricity
climbed from 0.5 of a cent to 1.56 cents per
kilowatt-hour. This threefold rise in rates
reflected emerging realities about energy
economics. The concept of “the more you
build, the less it costs” became "the more
you build, the more it costs.” Utilities were
caughtin a whipsaw—as rates went up, the
demand for electricity fell, and so did pro-
jections for future demand. Each year since
1975, the long-range forecasts of the Pacific
Northwest Utilities Conference Committee
have dropped. The most recent projection
is 2.0 percent per year. As these projections
dropped, the risks surrounding power plan-
ning decisions increased first by millions.
then by billions of dollars. For example, a
one percent difference in growth rates over
a ten-year period equals the energy differ-
ence of three large nuclear plants, costing
billions of dollars and each taking more
than a decade to complete. A one percent
fluctuation in a long-range regional fore-
cast is not that unusual, which means that
the current construction time of a major
plant surpasses the ability of the planner to
determine whether that plant is actually
needed.

Cents
Average
5
40
4 ,
3 AL :
2 ; - 1.8
1 g :
04
Existing New New
Hydroelectic Conservation Thermal
Dams Program Plants
Figure 1-2.

Cost Comparison —
Hydropower, Conservation, and Thermal

Any forecast, no matter how sophisticated
the process by which it was derived, has an
inherent element of imprecision. No one
can predict with accuracy the myriad of
events that will determine the region’s
energy needs twenty years from now. As
recent events have shown, there is a high
cost in being wrong. The major challenge,
therefore, is to reduce the probability and
the consequences of being wrong.

A New Planning Strategy

Certainty about the future does not come
from the technical sophistication of the
methods used to create a forecast. Instead,
it comes from the flexibility and confidence
one has in the number and types of re-
sources available to meet any given condi-
tion. As times and conditions change, so
must the region's plans. The Council devel-
oped this plan with the following specific
goals in mind:

e To provide an adequate supply of low-
cost electricity:

* To select resources following the cost-
effectiveness principles and priorities in
the Act;

® To evaluate all resources from a total
regional system perspective to ensure
their compatibility with the existing hy-
dropower system;

e To select resources with the least ad-
verse impacts on the environment, or
those whose adverse environmental
impacts can be mitigated;

To select resources that are consistent
with protecting and enhancing fish and
wildlife, and that mitigate power system
impacts on fish and wildlife;

® To provide a reliable power supply that
will meet any future load growth; and

* Todevelop aflexible strategy so that the
plan can be modified as conditions
change and new information becomes
available.

Planning for Economic Growth

The Council recognizes the shifting nature
of energy demand projections, and wants
to bracket the region’s energy future by
setting the highest and lowest plausible
electric load growth forecasts over the next
twenty years. The Council is confident that
the region’s actual demand for electricity
will fall somewhere within that range. This
range, while avoiding a single “most likely”
growth rate, establishes the plausible
bounds of the region’s growth and its
accompanying energy needs.

The principal determinant of electric load
growth in the region will be the economic
growth the region experiences. An impor-
tant indicator of regional economic per-
formance is how well the Northwest growth
compares to the nation. When developing
the highest growth forecast included in the
plan, the Council used the assumption that
employment in the region would grow
more than twice as fast as predictions for
employment in the rest of the nation over
the next twenty years. This growth ratio is
even higher than the Northwest’s most
rapid five-year historical growth period
which occurred between 1974 and 1979,
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us.

Twenty years
(1960-80)

Highest 10 years
(1970-80)

Highest 5 years
(1974-79)

High Growth
Forecast
(1980-2000)

Low Growth
Forecast
(1980~2000)

Pacific Northwest

1.0 2.0 30
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Figure 1-3.
Ratio of Pacific Northwest Total Employment to National Total Employment Growth Rates

Figure 1-3 compares the Pacific Northwest
and national employment growth rates for
three historical periods with the twenty-
year forecast. In the high growth forecast,
total regional employment would increase
by more than 3.4 million between 1980 and
2002, as compared to the 1.5 million in-
crease in jobs between 1960 and 1980. In
the low growth forecast, total employment
in the region would increase by 700,000
employees between 1980 and 2002. This
rate assumes that the Pacific Northwest
would grow as fast as national projections
for the nation as a whole.

In terms of energy requirements. the low
and high economic projections transiate
into a twenty-year range of 0.7 and 2.5 per-
cent average annual rate of growth. In
terms of energy resources, this means the
region would have to add anywhere be-
tween 250 and 10.700 megawatts over the
next twenty years in addition to resources
currently under construction. (For compar-
ison, the City of Seattle uses about 1,000
megawatts on the average.)

Planning With Flexibility

Another element of the Council’s planning
strategy is flexibility in the selection of
resources. The Council’s plan follows the
cost-effectiveness criterion in the Act and
emphasizes smaller resources with shorter
lead times from the initial planning stages
to the ultimate generation of electricity. For
example, some resources, such as conser-
vation programs, can be developed incre-
mentally and implemented quickly. This
means that conservation can be tailored to
fit the region’s pattern of energy growth.

Major generating resources require much
more time from inception to completion.
A new arrangement, called “options,”
would add flexibility to the scheduling of
these resources. An option would allow a
resource to move through the time-
consuming but relatively inexpensive siting
and design stages and to be placed in a
“ready” condition. In that condition, the
project could be scheduled (placed on hold
or constructed) depending on the demand
for electricity. Such options would become
in effect an insurance policy that would
allow the region to plan for high growth
rates without prematurely committing to
build to those rates.

Key Elements of the Plan

Although this plan responds to an uncer-
tain future, it is not an uncertain plan. The
Council has identified specific actions to be
taken, and has provided a schedule for
making decisions to accommodate future
changes in electric energy supply and
demand.

In this twenty-year plan, conservation is the
cheapest resource for the region and it will
play a major role in meeting future electric
energy needs. If the region needs addi-
tional resources, the Council has identified
potential hydropower resources that could
be developed with a minimum of damageto
fish and wildlife and the environment. To
serve higher growth, industries would be
encouraged to develop cogeneration facili-
ties. Combustion turbines are included in
the plan to serve unanticipated load growth.
If the region experiences very high eco-
nomic and population growth, or if conser-
vation and renewable resources do not per-
form as well as expected, the plan includes
new thermal plants in the resource portfolio
for the late 1990's.

In recognition of the current regional sur-
plus of electricity, the primary focus of the
plan over the next two years is to develop
and test conservation programs in all sec-
tors of the economy so that these programs
will be reliable and available when the
region needs additional power.

The two-year action plan also begins laying
the groundwork for other resources that
may be needed in the future. These efforts
include: (a) working with state and federal
regulatory agencies to resolve potential
problems associated with holding options
on resources and with use of combustion
turbines to meet unanticipated local
growth: (b) research and demonstration
programs to learn more about the cost and
feasibility of renewable resources: and, (c)
marketing assistance to encourage the in-
stallation of cogeneration facilities.

The plan includes policies to sell inside the

region more of the low-cost interruptible
power from the hydropower system, which
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would benefit Northwest businesses, indus-
tries, and agriculture. The plan also out-
lines a process to begin discussions with
the California Energy Commission regard-
ing a sale of firm surplus power that would
benefit both regions.

The plan is divided into eleven chapters.
Chapter 2 states the policies the Council
has applied in developing this plan. These
policies have guided the Council in the
selection of resources and measures in-
cluded in the two-year action plan.

Chapter 3 explains the Council's planning
strategy, which emphasizes development
of conservation programs and, for generat-
ing resources, the acquisition of options to
improve flexibility.

Chapter 4 describes the Council’s forecasts
of demand for electricity and prices, includ-
ing the underlying assumptions about the
regional economy and the price of alterna-
tive fuels.

Chapter 5 presents a detailed description of
the Council's twenty-year resource port-
folio and a discussion of eight major issues
addressed by the Council during the prepa-
ration of the plan. The chapter also explains
the analysis used to select the lowest-cost
resource portfolio, including a description
of the important characteristics of the
Northwest hydropower system, the reliabil-
ity criteria used by the Council, and the role
of combustion turbines in providing plan-
ning reserves for unexpected load growth.

The elements that were evaluated in the
development of the resource portfolio are
discussed in chapters 6 through 9.

Chapter 6 characterizes the existing re-
sources inthe Northwest and those that are
currently under construction. These re-
sources are then compared to the range of
load forecasts to determine when new re-
sources may be needed.

Chapter 7 summarizes the Council’'s analy-
sis of the amount of cost-effective conser-
vation that can be developed in each sector
of the economy during the next twenty
years.

Chapter 8 analyzes the energy potential
from renewable and non-renewable re-
sources. Renewables include electricity
generated from hydropower, geothermal,
wind, solar, and biomass. Non-renewables
include gas-fired cogeneration, and elec-
tricity generated from coal and nuclear
plants.

Chapter 9 describes the environmental im-
pacts of all the resources that were con-
sidered by the Council in developing this
plan. A separate section outlines the ex-
pected effects on fish and wildlife of the
Council’s resource portfolio.

Chapter 10 is the Council’s action plan for
the two-year period that follows adoption
of this plan. This chapter is the most impor-
tant because it contains actions to be taken
by Bonneville, the Council, state and local
governments, and utilities to build capabil-
ity for acquiring conservation and other re-
sources in the future. The Council regards
these actions as vital for the region to bein
a position to acquire the most cost-effective
resources when the need arises.

Chapter 11 describes the process the Coun-
cil will use to revise the plan. This chapter
also explains briefly how the Council will
review Bonneville's major resource pro-
posals for consistency with the plan.

The use of some technical terms has been
necessary throughout this document be-
cause any alternate choice of words would
be inaccurate or too lengthy. A glossary is
provided to describe those terms.

Volume I, available on request, contains
additional technical appendices beyond
the interest of the general audience. Addi-
tional detailed reports and analyses used to
develop the plan have been included in
technical exhibits, which may be examined
at the Council's central office in Portiand, at
the Council's four state offices, and at Bon-
neville Area offices.

Volume Il is the Columbia River Basin Fish
and Wildlife Program which was adopted
by the Council on November 15, 1982. The
Council has incorporated the fish and wild-
life program into this energy plan.

Monitoring Implementation
of the Plan

ltisimportant to understand that this plan is
not “cast in concrete.” It will be subject to
continuing review and analysis by the
Council, and is scheduled for revision every
two years or as necessary to respond to
more rapid changes in the region’s needs.

The success of the plan will depend on
monitoring what is happening to electric
power demand and determining how fore-
casts should be revised. A number of the
conservation programs included in the plan
represent newer, more aggressive ap-
proaches than any previous efforts in the
region. The Council will need to verify the
amount of energy that is being saved due to
conservation as compared to that projected
in the plan.

The Council will also examine the costs
and schedules for the resources in the port-
folio and other resources, as well as watch
for changes in technology or development
of new technology that might become a
candidate for inclusion in the plan. Future
developments that affect the cost-effective-
ness of resources could necessitate chang-
ing their ranking and scheduling.

The Council is committed to revising this
plan as necessary to meet the region's
energy needs with confidence, flexibiiity,
and at the iowest possible cost.



“the plan shall set forth a general
scheme for implementing conser-
vation measures and developing
resources”

Chapter 2
Policies

This chapter explains the policies that have
guided the Council in the development of
this plan.

Need

All resources that are acquired by Bonne-
ville must be needed to meet Bonneville's
loads—buy only what is needed.

This plan is intended to provide Bonneville
with the lowest cost mix of conservation
and other resources throughout the twenty-
year planning period. Resources should be
acquired by Bonneville only if there is a
need for power. That principle applies to
the acquisition of conservation and renew-
able resources as well as to cogeneration
and thermal power plants.

Even during periods of surplus, resource
programs are needed to ensure that cost-
effective, high-priority resources are avail-
able to meet future loads. To develop con-
servation in existing buildings, forexample,
administrative programs must be developed
and programs must be phased in before the
power is needed. New buildings will be in
place for thirty years or more, and certain
energy-efficient improvements can be in-
stalled only at the time of construction or
equipment replacement. it is prudent, there-
fore, to ensure that new buildings are
energy-efficient. Cogeneration resources
also become available intermittently. A de-
cision to install a new industrial boiler or
replace an existing boiler is made primarily
for business reasons, not for power pro-
duction. If a cost-effective cogeneration
unit can be installed at the same time, it
may be in the best interests of the region
and the ratepayers to acquire the resource.
The terms of purchase can take into con-
sideration the region's surplus power con-
ditions through offers of marketing assist-
ance and access to transmission lines.

Cost

All resources must be cost-effective—buy
the cheapest resources first.

The primary goal of the Act and this plan is
to ensure the ratepayers of the Northwest
an economical power supply. That goal
can be accomplished best through acquir-

20 20 501 0 €
D B

-

LN }
; \\\\\\“

ARRL
\ A
\\}\\}\

ing resources with the lowest incremental
cost to the region’s ratepayers. All acquisi-
tions must take into consideration the re-
source's compatibility with the existing sys-
tem, its environmental and fish and wildlife
effects, the risks associated with large capi-
tal costs and long lead times, and other
relevant concerns.

Surplus and
Interruptible Power

Resource programs should be designed to
accommodate surplus power conditions
without hindering Bonneville's ability to
meet long-term resource requirements at
the lowest cost and in a manner consistent
with the priorities described in this chapter.
In evaluating resources, the Council has
considered all costs directly associated
with the resources over their effective lives,
as required by'the Act.

The current surplus of firm power offers the
region a number of opportunities. Because
new resources are not needed to meet
loads now, conservation programs can be
developed and tested to prepare the region
to meet future loads inexpensively and
consistently with the priorities of the Act.
The region must also make every effort to
sell its surplus power outside the region.
Such sales can provide significant financial
relief for Northwest ratepayers.

Also, the hydropower system often gener-
ates power in excess of firm loads due to
streamflows above those critical levels used
for planning purposes. Increased sales of
this non-firm, interruptible power within the
region can serve industries, irrigators, and
municipalities cheaply while aiding the
economy and reducing rates for all
consumers.

Compatibility with
Hydropower System

Each resource must be evaluated on the
basis of how it will perform in conjunction
with the region’s enormously valuable hy-
dropower system.

Some resources clearly outperform others
under this test. Some conservation and
cogeneration, for example, follow loads,
and they are available during periods of low
water—a good match with hydropower.
Combustion turbines have low capital costs
and high fuel costs, allowing them to be
built for little cost and held in reserve for
use during low-water conditions. On the
other hand. some hydropower projects
may only add to the surplus in the spring
and be unavailable during the winter due to
low flows.

In a region that produces most of its elec-
tricity from hydropower at a generation
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cost of only 4/10 of a cent per kilowatt-
hour, every effort must be made to take
maximum advantage of the hydropower
system consistent with the goal of protec-
tion, mitigation, and enhancement of fish
and wildlife.

Resource Priorities

Where resources have equivalent costs and
equivalent environmental and fish and wild-
life effects, they must be selected for acqui-
sition in the following order:

® First, conservation;
e Second, renewable resources;

¢ Third, generating resources using waste
heat or generating resources of high
fuel conversion efficiency; and

e Fourth, all other resources (including
conventional thermal resources).

Environmental Quality/Fish
and Wildlife

Regional resource acquisition decisions
must include consideration of environment-
al quality and the protection, mitigation,
and enhancement of fish and wildiife. Any
Columbia River Basin hydropower acquired
for regional use must also be consistent
with the Council's fish and wildlife program.

To the extent possible when planning un-
known resources for an uncertain future,
the Council has considered environmental
quality and fish and wildlife. Specific re-
source acquisition decisions must also in-
clude all quantifiable environmental costs
and benefits directly attributable to the
resource. The Council has included in this
plan its method for determining quantifi-
able environmental costs and benefits (see
Appendix C).

Market Mechanisms

Resource acquisition programs should use
existing market mechanisms and organi-
zations as much as practicable. They
should also impose a minimum of new
administrative requirements. Resource de-
velopers already face a wide variety of legal
and regulatory requirements. The region
should make every effort to facilitate the
development of resources that are needed
to meet its demand for electricity. Imple-
mentation of this policy will improve the
region’s ability to select resources based on
the mostimportant factors: need, cost, and
environmental considerations.

Incentives

Conservation is a resource, and it is sub-
jected to the same need and cost-effec-
tiveness standards as other resources. The
primary tools available for achieving con-
servation are: incentives, regulatory stand-
ards, and rate designs. To give utilities and
state and local governments as much free-
dom as possible, incentives should be
favored. Incentives should be self-
implementing—those who respond should
benefit. Incentives should not be diluted
simply to protect against rate impacts on
those who do not respond.

If incentives do not prove to be sufficient to
achieve the necessary conservation sav-
ings, more emphasis can be placed on reg-
ulatory standards and rate design.

Diversity

Resource acquisition programs shouid ac-
commodate the diversity that exists within
the region and encourage local initiative,
ingenuity, and choice.

Program features need not be uniform
throughout the Northwest. The diversity in
climate, geography, economy, population,
urban/rural character, and utility and local

government structure call for sensitivity to
local needs, which can be met best at the
local level. Diversity is valuable in resource
selection as well. The region should main-
tain a portfolio of diverse resources to avoid
the uncertainties associated with relying on
any one type of resource.

State and Local
Government

State and local governments must have a
full opportunity to participate in the imple-
mentation of this plan. This will require
consultation, financial and technical as-
sistance, and other support.

A number of programs, such as geothermal
district heating projects, efficiency improve-
ments in government buildings, land use
and solar access standards, and voluntary
conservation measures, will require the
active involvement of state and local govern-
ments to succeed. Their support, and in
some cases legislative action, also will be
needed to adopt and implement the energy-
efficient building codes included in the
model conservation standards.

Consistent Policies

Developing the cheapest resources when
needed requires consistent, simple re-
source acquisition policies and procedures,
as well as reliable resource price projec-
tions. This is particularly important for
developers of renewable resources, cogen-
eration, and other less conventional re-
sources. The failure to follow such proce-
dures will discourage developers and force
the region to resort to less cost-effective
and lower-priority resources.



“The purposes of this Act [are]... to
assure the Pacific Northwest of an
adequate, efficient, economical,
and reliable power supply”

Chapter 3

Flexible Planning Strategy

The Council’s regional electric power plan
provides a mixture of electric power re-
sources: conservation, additional hydro-
power generation, cogeneration, combus-
tion turbines, and conventional coal-fired
power plants. All of these resources may be
necessary to meet the region’s electric
needs over the next twenty years. Re-
sources were selected based on their tech-
nical, economic, and environmental char-
acteristics. The Council’s primary concern
is ensuring an adequate supply of electric-
ity at the lowest possible cost to the region’s
ratepayers. To accomplish this, the Council
has developed a comprehensive approach
to regional power planning that evaluates
the contribution of specific resources to
system cost by analyzing the way resources
work together over a wide range of possible
loads.

The Council collected and analyzed great
amounts of detailed data. The information
was systematically evaluated using several
computerized models simulating the re-
gion's electric power system. This analysis
and the Council’s consideration of non-
quantifiable factors relating to resource
costs, flexibility, availability, lead times, and
environmental and fish and wildlife effects
that cannot be mitigated, helped guide the
Council’s decision in selecting the re-
sources finally included in the power plan.

The Council's approach emphasizes flex-
ible resources and conservation programs
that can be modified to meet changing
demands for electricity. Some resources,
like conservation programs, can be initiated
quickly, and the rate of implementation can
be adjusted over time to fit actual needs. On
the other hand, major electric generating
plants with long construction periods re-
quire critical decisions many years before
the power might be needed. Therefore,
long lead times increase the risk posed by
the uncertainties inherent in energy plan-
ning. An investment in a long lead-time
plant is warranted only when it is a much
lower cost resource and the probability of
needing that type of resource to produce
electricity clearly indicates low probability
of future demand falling short of the
forecast.

These concepts of risk and uncertainty are
well known to everyone faced with large
capital investments in new plants or facili-

ties that will only be profitable if the econ-
omy, markets, and other factors are favor-
able. All decisionmakers face the possibility
that the future will not turn out as expected
and the decision to invest may be costly.

The Council's decisions on new resources
for the plan have many of the attributes of
other business decisions. If resources can
be acquired with shorter lead times, the
uncertainties surrounding future conditions
will be reduced. Lower capital costs and
smaller resource sizes also can lessen the
risk. The size of the investment is reduced
when intermediate decisions are allowed
on each resource addition. While smaller
and shorter-lead-time plants are clearly
better from a risk perspective, bigger long-
lead-time plants could be good investments
if the electricity they produce was cheap
enough to offset the increased risks.

Based on these concepts of risk, resource
lead time, size, and flexibility, the Council
selected cost-effective resources to mini-
mize the lead times and amount of capital at
risk. The Council has developed aresource
portfolio that has the diversity and flexibility
to adapt to a wide range of future out-
comes. This portfolio provides the region
with the lowest cost, shortest lead time, and
smallest incremental plant sizes that are
cost-effective to ensure that the Council
and the region will have the ability to
change the plan in response to future
needs.

Conservation—
The Flexible Resource

Conservation is the most flexible resource
because it has both a short lead time (once
a program has been designed and tested it
can be quickly scaled up or down) and it
can be acquired in small increments, each
of which begins generating (saving) energy
immediately. Because thereis not a lengthy
period of siting, licensing, design, and con-
struction for conservation, it can be quickly
and easily modified to respond to changing
conditions.

Bonneville's existing residential weather-
ization program is an excellent exampie.

The program has been tested and proven
(although the Council recommends some
specific modifications discussed in the
two-year action plan, chapter 10). In re-
sponse to the current surplus, the program
is being held at current levels of activity. If
the region were expecting energy short-
ages, this program could be expanded by
increasing marketing efforts and paying
larger incentives. At current activity levels,
the program can be preserved and main-
tained so that when higher load growth
returns, the region can quickly increase the
rate at which weatherization savings can be
acquired.

Options—A New Approach
for Power Planning

The Council developed a new approach to
power planning to deal with generating
resources. This approach involves shorten-
ing the period over which the need for
power must be forecast for new resources.
The forecast period can be reduced through
an “option,” a contract between a resource
sponsor and the region, which allows the
region to control the start of construction
for resources which have received all neces-
sary permits. To acquire an option, the
region would provide financial assistance
to aresource sponsor for the siting, licens-
ing, and design of a generating resource. In
exchange for this small investment, the
region would gain the right to decide when
conditions warrant beginning construction.

By having a fully licensed resource effec-
tively on hold, the period over which elec-
tricity needs must be forecast is reduced to
the resource construction period, which is
often less than one-half of the total time that
is currently needed. For example, the total
lead time on a new coal plant is about ten
years. The activities of siting, licensing, and
design take from five to six years and are
relatively low cost when compared to con-
struction costs. An option on a coal plant
could cost as little as $48 per kilowatt for
siting, licensing, and design. At this point it
would take five and one-quarter years to
construct. If the probability of needing the
resource is high and the resourceis particu-
larly cost-effective, then another option
point is possible after ordering the boiler.
This would cost a total of $180 per kilowatt
and leave a construction time of four years.

3-1
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The Council has been careful to select the
cheapest resources possible while giving
consideration to lead times and the size of
the resource.

In addition to reducing resource invest-
ment costs and increasing flexibility of the
resource portfolio, another primary benefit
of the option approach is its significant po-
tential for reducing environmental degrada-
tion. The longer large-scale generating
plant construction can be postponed until

3-2

need is more certain, the longer the accom-
panying environmental impacts can be
postponed or avoided. The option approach
guards against incurring environmental im-
pacts of power plant construction before
the region needs the energy to be gener-
ated by those plants. The options concept
also favors developing resources with short-
er lead times, and smaller-scale resources
which often involve less severe environ-
mental impacts.

The Council has planned for enough op-
tions and resources to meet a high level of
economic growth. If the region actually
experiences lower growth rates, some of
the options would be delayed or even
abandoned. This approach allows the re-
gion to match energy supply to actual
demand and reduces the chance of over-
building resources. An option contract
would permit the region to decide when
construction should begin.
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There are three specific types of resource
options:

* Resource-banking: A resource could be
sited, licensed, and designed, but the
construction phase would be put on
hold.

e Acquisition prior to regional need: A re-
source could be acquired before the
region needs the power, but the power
could be sold outside the region at a
price that recovers all costs of producing
the electricity. Specific “callback” provi-
sions would permit Bonneville to use the
power inside the region when necessary.

¢ Existing resource option: In addition,
there is another resource option that
may be used in response to temporary
resource needs—an existing resource
whose output could be acquired by pay-
ing for its operating costs. (Examples
are existing combustion turbines inside
the region or excess generation in Cali-
fornia or British Columbia.)

An option authorizes the region to con-
struct, delay, or cancel the project as part of
a cost-effective regional energy plan. The
project sponsor would be compensated for
the risk that the project might be resched-
uled or terminated. An option is a form of
insurance to the region, because it helps
the regional planning process adapt to
uncertain future loads. The preconstruc-
tion payments to the sponsor are similar to
insurance premiums.

Using the Council's planning strategy, a
resource might go through five steps:

1. Option Planned: The resource is identi-
fied as potentially needed, but no deci-
sion or financial commitment is neces-
sary. Bonneville could begin developing
incentives and requests for options,
establishing criteria for selecting op-
tions, and resolving potential legal and
technical questions. Based on the pro-
jected cost-effectiveness of and need for
the resource and the costs of securing
an option, differing option points may
be appropriate for each resource.

2. Option Initiated: The Council and Bon-
neville determine that the resource may
be needed in the future and Bonneville
enters into a contractual arrangement to
provide regional financial assistance for
the siting, licensing, and design of a
resource, in return for regional control
of project timing.

3. Option Secured: All technical, legal, and
administrative issues have been resolved
and the resource is ready to move into
the construction phase. At this stage,
the construction of the resource could
be delayed without affecting the ability
of the region to move ahead on the proj-
ect at some future date. Expected life-
time of the option will be determined by
the Council at this time and the option
will be scheduled for a comprehensive
review when this lifetime expires. An
option may be resecured after satisfying
environmental and technical standards
required to relicense the resource and
site.

4. Resource Acquired: The Council and
Bonneville determine that the secured
option should be exercised based on

Energy Needed
(Megawatts)

current conditions and forecasts of
demand. Under the resource acquisi-
tion provisions of the Act, Bonneville
would purchase the resource and the
project sponsor would move into the
more expensive construction phase.

5. Resource Completed: The power is
available to meet the obligations of the
Bonneville Power Administration.

To describe graphically how the Council's
decisionmaking process could work, figure
3-1 shows the energy that needs to be
added in the high load forecast for 1983
through 2002. Also shown are four re-
sources on which options are planned to be
purchased. If the high load forecast should
occur, the region would first initiate options
on all resources and then build each of the
resources as soon as siting, licensing, and
design are completed. Options would be
needed on the hydropower dam in 1984,
the coal plantin 1988, and the cogeneration
facility and the combustion turbine in 1992
so these resources could be available to
meet the high growth forecast.

84 86 88 90 92 94 96 98 2000 02
I Option
B¢ Construction
Figure 3-1.

Example of Planned Option and Construction Schedule in 1983
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Figure 3-2 illustrates what happens if the
Council makes a new forecast in 1985 and
determines that the region is not growing
along the previous high growth forecast. A
new range, with a new upper bound fore-
cast is established, and a new decision
schedule results. In figure 3-2, the hydro-
power energy would not be needed until
1990. Since it takes approximately two
years to build the dam, construction must
start by 1988. The region would secure the
option on the dam in 1986 after siting,
licensing, and design have been completed;
would hold the option for two years; and
would make a decision to begin construc-
tion in 1988 if the region is experiencing
high growth. In this example decisions to
initiate options on the coal plant could be
delayed until 1991, on the combustion tur-
bines until 1993, and on the cogeneration
until 1994.

Figure 3-3 illustrates a situation where the
Council has made the same new forecast in
1985 and also determined that conserva-
tion programs and renewable resources
included in the first plan are not performing
as well as anticipated. As a result, the
Council revised its portfolio downward by
2,000 megawatts and moved up decisions
on alternative resources. In this case, the
hydropower dam might be needed in 1988
to meet the high growth forecast. The
option would be secured in 1986, followed
by a decision to begin construction. A deci-
sion to initiate an option on a coal plant is
needed in 1986 so the plant could be sited,
designed, and built by 1996 if it were
needed. Under the new decision schedule,
options would be initiated on the cogenera-
tion in 1989 and on the combustion tur-
bines in 1988.

Initial Council studies have shown option
costs to be inexpensive when measured as
a percentage of total capital costs. The
initial costs of siting, licensing, and design
of a project are quite inexpensive com-
pared to the construction costs.

Energy Needed
(Megawatts)
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Figure 3-2.
Example of Planned Option and Construction Schedule in 1985

Energy Needed
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Figure 3-3.
Example of Planned Option and Construction Schedule in 1985
(Reduced conservation and renewable resources)
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There are, however, significant differences
in the cost of an option and the remaining
construction lead times among resource
types. Figure 3-4 shows the option and
construction phases and their costs for five
resources. (Costs shown for WPPSS 4 do
not include sunk costs.) After the option
phase, the coal plant takes only four years
to complete while WPPSS 4 requires seven
years. Itis clear that an option on WPPSS 4
leaves the region exposed to seven years of
changes in the energy growth forecast. For
this reason, significant differences in risk
remain, which should only be shouldered if
the need for the power is fairly certain or if
the nuclear plant could produce electricity
at significantly lower cost to justify the risk.

Acquisition of resource options should
incorporate an assessment of the risks of
not being able to acquire an option. Since
options are a form of insurance, the cost of
insurance must be weighed against the
potential risk of not being insured. Insuring
against very low probability events is gen-
erally not sound business practice unless
there are very high risks associated with
being uninsured. So, too, must the applica-
tion of resource options be subject to anal-
ysis of the probable load growth, the costs
and lead times of the resources on which
options are being acquired, the current
options inventory, and the risks that might
result if additional options are not acquired.

The options concept has great promise to
provide the region greater flexibility in
meeting its resource needs at the lowest
risk and cost. To establish the practicality
of this concept the Council, Bonneville, util-
ities, and resource developers mustwork to
identify and resolve institutional, regula-
tory, and legal barriers to its successful
operation. The energy siting agencies in
Oregon and Washington have already dem-
onstrated a willingness to incorporate key
elements of the options concept into their
procedures. During the next two years, the
Council will expand its consultations with
federal, state, and local governments, utili-
ties, and resource developers to demon-
strate the feasibility of acquiring options on
generating resources.

COMBUSTION
TURBINE
% - $240/kW
$7/kW
0 2

HYDROELECTRIC

$1853/kW
$250/kW
Price is to acquire an option for one 0 2 4
kilowatt of capacity COGENERATION
. Option Phase
(Includes Siting, Licensing and Design) 10/
I Construction Phase :} ;O?k'\jvw
0 2 4
> COAL
$980/kW
$180/kW

0 2 4 6 8 10 12 14

Preconstruction and Construction Time
(Number of Years)
Figure 3-4.

Acquisition Schedules for Power Resources
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“the plan shall include ... a demand
forecast of at least twenty years”

Chapter 4
Forecast of Demand
for Electricity

Forecasts of demand for electricity provide
an important basis for the energy plan: a
range of future needs for electricity. In addi-
tion, the demand forecasts play an impor-
tant role in determining potential conserva-
tion resource availability and indetermining
future prices of electricity. This chapter
describes the demand forecasts and their
underlying assumptions.

The plan explicitly recognizes the uncer-
tainty of future markets for electricity and
treats that uncertainty in a creative and
constructive way. An important part of this
approach to planning in the face of uncer-
tainty has been to recognize a wide range
of economic possibilities for the Pacific
Northwest. The alternative regional fore-
casts were developed within a range of
national economic forecasts. In the high
growth forecast, the regional growth in
employment is 2.6 times an optimistic
growth rate forecast for the nation, a rela-
tive growth higher than the highest five-
year period since 1950. On the low side, the
region could grow at a rate equal to a pes-
simistic forecast for the nation, a relative
growth rate well below that of the past
twenty years. The relative growth compari-
sons are illustrated in figure 4-1. The range
has been defined so that regional planning
does not constrain future regional growth,
either through inadequate supplies of elec-
tricity, or through the excessive prices that
would result from overbuilding.

Economic assumptions are the mostimpor-
tant element in forecasting future demands
for electricity. The Council has adopted
and developed the best available energy
demand forecasting models to determine
the effects of alternative economic assump-
tions on growth in demand for electricity.
Both the economic forecast range and the
energy demand models were selected after
an open process of public consultation and
review, under the guidance of the Forecast-
ing Subcommittee of the Scientific and Sta-
tistical Advisory Committee and other in-
terested parties in the region.

An overview of the demand forecasting
process is illustrated in figure 4-2. It shows
that demands are determined by economic
conditions, including the prices of fuel, and
electricity. In addition, it is apparent that

u.s. Pacific Northwest

Twenty years
(1960-80)

Highest 10 years
(1970-80)

Highest 5 years
(1974-79)

High Growth
Forecast
(1980-2000)

Low Growth
Forecast
(1980-2000)

1.0 0 1.0 20 3.0
Ratio

Figure 4-1.
Ratio of Pacific Northwest to U.S. Average Annual Employment Growth Rate

Supply of
Electricity
(Conservation - 5 Wg'tt?rns
and Generation EHects onditiol
Resources)
on
Supply
Price of
Electricity
Effects
on
Demand .
Economic
oty - Conditions
Electricity :
Price of Fuel
Figure 4-2.

An Overview of the Demand Forecasting Process
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both the amount of demand and the spe-
cific resources chosen to satisfy that de-
mand determine the price of electricity.
Since the Northwest’s supply of electricity
is dominated by the hydropower system,
water conditions are an important determi-
nant of supply. The Council's forecast of
demand for electricity reflects uncertainty
in economic conditions, fuel prices, and
water conditions.

Summary of Results

The plan includes a range of four alterna-
tive forecasts of demand based on different
plausible scenarios of the Northwest econ-
omy. When no conservation programs were
included, the Council’s alternative sets of
assumptions about the regional economy
resulted in demand forecasts ranging from
an annual growth rate of 2.5 percent in the
high growth forecast to 0.7 percent in the
low growth forecast. Two intermediate

Megawatts
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20,000

15,000

1980 1985 1980

Growth = igh 25%

mm Medium Low 1.5%

1995 2000 2002
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medium-low, predict annual demand Figure 4-3
growth rates of 1.5 and 2.1 percent. The s P '/'gD .d G e
range covered by these forecasts is wide. RN Y S CERISICH o G RIS SO Hr GRS S
By the year 2002, there is a difference of
nearly 8,400 average megawatts of demand
between the high and low forecasts. When Table 4-1.
transmission and distribution losses are Forecast of Demand for Electricity and Price Projections
included, this implies that the high growth
; INCREASE IN
forecast would require 9,000 average meg- AVERAGE ANNUAL  AVERAGE RETAIL
DEMAND DEMAND PRICES ADJUSTED
awatts more new resources than the low GROWTH (Average Megawatis) GROWTH FOR INFLATION
forecast. FORECAST 1981 2002 1981-2002 (%) 1981-2002 (%)
Figure 4-3 displays the Council’s four prin- l'l\j'igcr’{ . 1255:%1 gg%? g? 80
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cipal forecasts from 1981 .to 2902. Table 4-1 MediGii-Low 15504 21301 s 2%
shows the demand projections and the Low 15,524 17,834 0.7 5

total percent increase of average retail
prices of electricity adjusted for inflation.
Satisfying each level of demand requires a
combination of conservation resources to
reduce the need for electricity and generat-
ing resources to produce electricity. The
additional resources needed to meet the
high growth forecast would increase the
average price of electricity by 80 percent
adjusted for inflation from 1981 levels. This
means that the average prices expressed in
1980 dollars charged by investor-owned
utilities and public agencies, weighted by
their respective sales, would increase from
2.0 cents per kilowatt-hour in 1981 to 3.6
cents in 2002. If regional demand for elec-
tricity turned out to be at the lower end of
the range, prices would be only 2.1 cents
per kilowatt-hour in 2002.
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Dramatic price increases from 1981
through 1984, primarily caused by thermal
construction costs that already have been
incurred, are present in all four forecasts.
The 1985 prices shown in figure 4-4 are all
near 2.7 cents per kilowatt-hour. With infla-
tion added, 1985 rates would be about 3.7
cents per kilowatt-hour. As illustrated in
figure 4-4, price changes after 1985 differ
greatly depending on the need for new
resources. These patterns reflect the fact
that new resources are far more expensive
than existing resources.

The price projections shown in figure 4-4
assume the resources selected in this plan,

and therefore reflect the minimum cost of
meeting either the high or low load fore-
cast. A different mix of resources could
increase the price projections. For exam-
ple, if the conservation resource is not fully
realized, the region will have to turn to more
costly generating resources. If this happens,
the prices that will occur will be signifi-
cantly higher than these projections for
both the high and low forecast.

Clearly, providing electricity for a high
growth rate in the region is expensive. If the
region’s economy is indeed booming, it can
well afford the additional expense, although
fixed-income and low-income households
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Figure 4-4.
Weighted Average Retail Prices, Adjusted for Inflation (1980 cents per kilowatt-hour)

would be hurt by this increase in their cost
of living. It would be a costly mistake, how-
ever, to commit to high growth resources if
that level of growth failed to materialize.
The following sections describe the Coun-
cil's forecasts and their underlying assump-
tions in more detail.

Economic and
Demographic Assumptions

The Council’'s plan assumes that record
high economic growth is possible for the
region in the next twenty years and in-
cludes that possibility in planning. The plan
thus ensures that the supply of electricity
will not constrain economic growth. At the
same time, however, building resources for
economic growth that is uncertain can
result in larger surpluses, increased prices,
and adverse economic effects. The impor-
tance of economic forecasts, as well as
their uncertainty, is at the heart of the
Council's power plan.

The range of economic forecasts as meas-
ured by total employment is illustrated in
figure 4-5. In the high economic forecast,

employment in the Pacific Northwest
doubles during the next twenty years, in-
creasing by over 3.4 million between 1980
and the year 2002. This compares with less
than 1.5 million additional employees in the
preceding twenty years. The region’s total
employment grew at an average annual
rate of 3.1 percent between 13960 and 1980.
The high growth forecast assumes total
employment would increase by 3.7 percent
per year from 1980 to 2002, a record
twenty-year growth rate.

The Council's economic forecasts recog-
nize that the regional economy is closely
tied to the national economy. Thus the
range of regional economic forecasts is
related to a range of national economic
forecasts from Data Resources Incorpo-
rated. Those national economic forecasts
have lower growth expectations compared
to the past twenty years. Between 1860 and
1980, total U.S. employment grew at an
average 2.1 percent annually; the forecasts
range from 1.0 to 1.4 percent annually
between 1980 and 2002. These forecasts
reflect underlying changes in basic demo-
graphic patterns that are relatively certain.
In addition, they reflect less certain predic-

Employees
(Thousands)

3000

2000

1000

1960 1980 2000

& Low Growth Forecast
. High Growth Forecast

Flgure 4-5.
Forecasts of Total Employment

tions regarding, for example, government
economic and regulatory policies, inflation,
interest rates, and rates of productivity
growth.

Historically, the Northwest economy has
grown faster than the nation. Between 1960
and 1980, the region grew 50 percent faster
than the nation. However, the Northwest
economy appears to be at a turning point.
The region’s competitiveness could be seri-
ously affected by recent increases in the
price of electricity that will nearly eliminate
asubstantial advantage this region enjoyed
in the past. Increases in transportation
costs are also expected to affect the North-
west adversely. The outlook for traditional
major industries in the region such as
lumber, transportation equipment, and
aluminum, does not include much growth
beyond the peak employment levels of
1977 to 1980.

These conditions make the next twenty
years' economic growth highly uncertain,
resulting in a wide range of economic
assumptions in the plan.
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The Council’s economic forecasts begin
with evaluations of possible employment
growth for individual manufacturing indus-
tries. Next, the implications of manufactur-
ing sector growth for increased employ-
ment in supporting service industries are
predicted. Using the total employment fore-
cast, and an accompanying assumption
about the share of the population that will
choose to work, an estimate of regional
population is derived. It is assumed that
more rapid regional growth would bring
better wages and more employment oppor-
tunities and result in a greater number of
people working in a given population. The
expected number of households is derived
from population by assuming trends in the
number of persons per household. It is
assumed that a booming economy would
encourage more independent households.
Thus, the average number of persons per
household is lower in the higher forecasts,
and there are more households relative to
the population.

The economic forecasts are discussed in
greater detail in Appendix H (Volume II,
available on request) and in the Council’s
issue paper on “Economic and Demograph-
ic Assumptions.” The four forecasts are
characterized briefly in the following
paragraphs.

High Growth Forecast

The high growth forecast is based on a
rapid recovery from the current recession,
with the region’'s economy returning to
long-term levels by the late 1980's. The
long-term growth through 2002 is based on
healthy, but not rapidly growing, traditional
industries such as lumber and wood prod-
ucts, aluminum, transportation equip-
ment, paper, and agriculture. Lumber and
wood production is projected to maintain
levels comparable to peak production ex-
perienced between 1977 and 1979. Employ-
ment in transportation equipment is 50
percent higher than 1980 levels by the year
2002. The proposed Alumax aluminum
plant was recently postponed for an indefi-
nite time. It is now assumed that the Alumax
plant will not be built before 2002. However,
all existing aluminum plants are assumed
to return to full production. Electronics and
other light manufacturing industries are
assumed to grow rapidly, as are secondary
activities such as trade and services. By the
end of the century, the electronics industry
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is projected to employ more workers than
any other manufacturing industry in the
region, adding 140,000 new jobs to the
existing 86,000 jobs in the industry.

Low Growth Forecast

In the low growth forecast, total employ-
ment in the region would increase by seven
hundred thousand employees between
1980 and 2002—an implied regional growth
rate of 1.0 percent per year, about the same
rate as the low growth national forecast for
the same period.

In addition to the lower twenty-year growth
rates in the low growth forecast, the recov-
ery from the current recession is assumed
to be much slower. The region’s economy
would not reach its long-term growth levels
until after 1990. Traditional industries are
assumed to experience a longer adjust-
ment period to the current recession than
in the high forecast. The low forecast
assumes that 30 percent of the current
aluminum capacity remains idle. Lumber
and wood products industries would re-
cover to 1980 employment levels but would
not return to recent peak employment
levels during the next 20 years. Transporta-
tion equipment employment would fall to
20 percent below its recent 1980 peak
employment by the year 2002.

For each of the employment growth fore-
casts, a consistent set of other economic
and demographic indicators is also pro-
jected. These other factors include popula-
tion, number of households, per capita
income, and the mix of housing types. Each
of these indicators plays arole in determin-
ing future demands for electricity in various
sectors of the economy.

Intermediate Forecasts

Two intermediate economic and demo-
graphic forecasts were developed based on
combinations of high and medium ranges
and medium and low ranges of industry
forecasts and other assumptions.

In the medium-high growth forecast, rapid
growthin high technology and commercial
industries is coupled with moderate levels
of activity in traditional industries such as
forest products and aerospace. This results
in total employment growth of 2.9 percent

per year, and population and household
growth of 2.1 and 2.8 percent per year.

In the medium-low growth forecast, tradi-
tional industries experience low levels of
economic activity while other manufactur-
ing and commercial industries experience
moderate growth levels. Total employment
is projected to increase at a rate of 1.9 per-
cent per year, with population and house-
holds increasing at rates of 1.4 percent and
2.0 percent per year.

Fuel Price Assumptions

Where other fuels may be substituted for
electricity, the price of such fuels affects the
demand for electricity. Although the direct
effects on demand for electricity of a given
fuel price change are small, the effects are
felt in the three largest economic sectors
(industrial, residential, and commercial). in
addition, future fuel prices are highly
uncertain.

To develop forecasts of alternative fuel
prices, the Council adopted a set of assump-
tions that link retail prices of oil and natural
gas to trends in world oil prices. Fuel price
forecasts, therefore, rely on a range of
underlying assumptions about world oil
prices. Based on Council studies, four
future possibilities were investigated. These
cases were selected to provide upper and
lower bounds for possible future fuel
prices. In the lowest forecast, the world oil
price (in 1980dollars) drops from 30 dollars
a barrel in 1980 to 20 dollars a barrel in
1985, and then increases to 25 dollars a
barrel by 2002. In the high forecast, the
world oil price returns to 1980 levels by
1985 and then increases rapidly, reaching
63 dollars a barrel by the year 2002. The
assumptions for world oil prices for all four
forecasts are illustrated in figure 4-6.

Demand Forecasts

The alternative economic and demograph-
ic assumptions described above were com-
bined with the assumptions of various fuel
prices to provide a starting point for the
Council's analytic process. This section
discusses the demand forecasting portion
of that process, but the demand forecasts
do not stand alone in the analysis; they
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require balancing demand, resources, and
prices of electricity. A parallel process is the
analysis and selection of the best mix of
resources to meet uncertain future de-
mands. Since resource selection and de-
mand depend on each other, the analytic
process must reconcile the two. The de-
mand forecasting system translates the
costs associated with a set of resources
into prices of electricity for various Bonne-
ville customer classes. The prices for each
growth forecast are then used to adjust the
respective demand forecasts. Adjustments
are then made to resource requirements
and, if necessary, the process continues
until loads, resources, and prices are bal-
anced in each of the growth forecasts.

Development of the Council’s forecasting
tools, like the economic and demographic
assumptions, included broad public review
and patrticipation. The Council established
the Scientific and Statistical Advisory Com-
mittee (SSAC) to help develop the plan.
Members of the Forecasting Subcommit-
tee of the SSAC represent private business,
public and private utilities, state agencies,
and academic institutions. The Forecasting
Subcommittee worked with Council staff
and contractors throughout the process,
beginning with contractor selection in the
fall of 1981, monitoring contractors’ work
through various stages, and providing val-
.uable advice on methods, assumptions,
tests, and documentation. These models
were examined for validity by the Council.
Using forecasting assumptions similar to
those that actually occurred during the
1970’s, the load forecasting system accu-
rately replicated the load growth rates of
the 1970’s.

The demand forecasting system is designed
to permit analysis by sector, state, Bonne-
ville wholesale power rate pool, and climate
zone. The primary sectors are residential,
commercial, industrial, and irrigation.
Washington and Oregon each have two
climate zones; one east and the other west
of the Cascade Mountains.

The starting point for the demand forecasts
involves characterizing uses of electricity in
each sector. Use in major applications and
building types is estimated. Table 4-2 lists
specific uses of electricity for the three
major sectors included in the Council’s
forecasting models. Irrigation demand for

1980 $
Per Barrel
70

10
1980 90 a5 2000
Growth wummam High m— Nedium Low
Forecasts: emmwessm Medium High s | ow
Figure 4-6.
World Oil Price Assumptions
Table 4-2.
Model Characteristics
RESIDENTIAL COMMERCIAL INDUSTRIAL
(3 submodeis)
Industries with
Building Types Building Types End Use Detail
Single-Family (1-4 units) Offices Lumber
Multi-Family (5 or more) Retail stores Plywood
Mobile Homes Warehouses Particle Board
Restaurants Pulp
End Uses Health facilities Paper
) Grocery stores Paperboard
if’ragfnr;?:g:i Elementary and secondary Chlorine
9 schools Phosphorus

Water heating
Refrigeration
Food freezing
Cooking
Lighting
Other

Housing Vintage

New
Existing

Colleges and trade schools
Miscellaneous

End Uses

Space heating
Air conditioning
Ventilation
Water heating
Cooking
Refrigeration
Lighting
Miscellaneous

Building Vintage
By year of construction

DSi Customers

Other Industries

by industrial category
(2-digit SIC)
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electrity is examined in less detail by the
demand model.

In addition to separate demand models for
the residential, commercial, irrigation, and
industrial sectors, the Council’s forecasting
model includes a peak demand model,
which produces estimates of total peak
demand for electricity, and an electricity
pricing model, which projects prices of
electricity by sector and rate pool based on
sales of electricity and resource costs.

An important result of the demand fore-
casts is that, even in the high forecast,
demands grow more siowly than historical
rates. This is true even before the effects of
the Council's conservation programs are
subtracted. Two important reasons for the
decrease in demand growth relative to
economic growth are large increases in
prices of electricity and the existence of
recently adopted energy codes for build-
ings. These factors account for much of the
reduced use per unit in the residential and
commercial sectors. In the industrial sec-
tor, most of the forecast growth is expected
to occur in non-electricity-intensive indus-
tries. Direct Service Industries accounted
for 15 percent of firm sales of electricity in
1981. Because the Northwest Power Act
precludes future growth of the Direct Serv-
ice Industries, a large share of regional
demand will not grow during the forecast
period. This lowers the growth in demand
for electricity relative to total economic
growth. Even within individual industries,
significant shifts in energy use are pro-
jected in response to increasing prices and
changing product mix. Specific patterns for
the economic sectors are discussed in
more detail later in this chapter.

Prices of Electricity

Demand forecasts start with economic,
demographic, and specific resource as-
sumptions and their costs. The pricing
model converts the resource costs to prices
of electricity that will vary depending on the
particular resource strategy being evalu-
ated. The pricing model mirrors current
Bonneville and utility pricing practices. It
also recognizes the complex requirements
detailed in the Act which affect the pricing
and allocation of Bonneville power and
Bonneville's acquisition of generating and
conservation resources.
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As demand grows, the costs of the neces-
sary additional resources are added to the
forecast prices for electricity. The resource
strategy determines what resources are
used to meet the growth in demand for
electricity. The cost of the resources in the
strategy determines future prices of elec-
tricity.

The Council's forecast of average retail
prices of electricity in the region, assuming
the resource portfolio presented in the
plan, is shown in table 4-3.

Table 4-3.
Weighted Average Retail Prices
Adjusted for Inflation

(1980 cents per kWh)
Low HIGH
1981 20 20
1983 26 286
1985 28 27
1990 26 3.0
1995 24 3.2
2002 21 3.6

The 1985 electricity prices are slightly lower
in the high forecast, even though prices are
much higher in the high forecast by 2002.
This is because the thermal generating invest-
ments contributing to increased costs are es-
sentially the same in both forecasts before
1985, but in the low forecast, these costs will
be recovered through fewer kilowatt hours of
electricity sales.

The Council's total demand forecasts for all
sectors of the economy were summarized
in figure 4-3. The 1981 use of electricity for
each sector is shown in figure 4-7, and
forecasts for each demand sector are de-
scribed in the following sections.

Residential Demand

The residential sector accounted for 34
percent of regional firm sales of electricity
in 1981. Residential sector demand is influ-
enced by many social and economic fac-
tors such as fuel prices, per capita income,
and the choices of efficiency of energy-
consuming equipment available to con-
sumers (available technology). However,

Commercial
2713 MW
18%

Residential
5323 MW
34%

Other se——

293 MW x
2% I :
Irrigation

770 MW
5%

Industrial
6425 MW
41%

Figure 4-7.
Demand for Electricity by Sector, 1981

the most important factor is the number of
households, as reflected in the structure of
the residential sector demand model; the
basic unit of this model is the individual
household. The composition of the sector’s
use of electricity is reflected in the model’s
structure. Figure 4-8 illustrates the histori-
cal proportions of residential use of elec-
tricity. The model predicts the growth in the
number of households; their choice of
housing type; the amount of electricity-
using equipment the average household
owns; choices of fuel for space heating,
water heating, and cooking; the level of
energy-efficiency chosen; and the energy-
using behavior of the household. These
choices are influenced in the model by
energy prices, equipment costs, per capita
incomes, and available technology.

The projections of residential demand for
electricity cover a wide range. In the ab-
sence of conservation programs, projected
residential demand increases from 5,323
average megawatts in 1981 to 9,643 mega-
watts in the high growth forecast and to
6,053 megawatts in the low growth fore-
cast. As shown in table 4-4, the average
demand growth rate ranges from a low of
0.6 percent per year to a high of 2.9 percent.



Chapter 4

Water Heating 25.6%
Freezing 3.6%
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Refrigeration
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Figure 4-8.
1981 Residential Use of Electricity
by Application

Although total residential use of electricity
increases in all four growth forecasts, use
per household decreases significantly.
Figure 4-9 shows that this decrease in use
per household is quite stable across the
growth forecasts, ranging from 15 percent
below 1980 levels in the low growth fore-
cast to 19 percent in the medium-low
growth forecast. The projected increases in
total use despite these reductions in aver-
age household use reemphasize the impor-
tance of the increasing number of house-
holds in determining total use.

The most important influence leading to
reductions in use of electricity per house-
hold is the projected change in efficiency of
houses and energy-using equipment in all
of the growth forecasts. Partly as a result of
(1) building codes already in effect, (2)
price increases, and (3) the introduction of
the more efficient equipment into the mar-
ket, the amount of electricity necessary to
provide the same standard of service de-
creases in every forecast. This change var-
ies by housing type, type of electric use,
and growth forecast, but two examples
help illustrate the trend. As shown in figure
4-10, the average thermal efficiency of elec-
trically heated single-family houses im-
proves by between 15 and 64 percent in the

Table 4-4.
Residential Demand for Electricity
DEMAND AVERAGE ANNUAL
GROWTH {Average Megawatts) DEMAND GROWTH
FORECAST 1981 1990 2002 1981-2002 (%)

High 5,323 6,652 9.643 2.9
Medium High 5,323 6,111 8,458 212
Medium Low 5,323 5,843 7,232 1.5
Low 5323 5.167 6,053 0.6

Low
Medium Low

Medium High

High

2000 4000 6000 8000 10,000 12,000 14,000 16,000
kWh/year

Figure 4-9.
Projected Annual Use of Electricity per Household in 1980 and 2002 by Growth Forecast—
Without Changes in Building Codes

Low
Medium Low
2002
Medium High

High

1.0
Efficiency Index

Figure 4-10.
Projected Thermal Efficiency of Electrically Heated Single-Family Houses—
Without Changes in Building Codes
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various growth forecasts without any
changes in existing building codes. The
change is less in lower-growth forecasts
because of smaller increases in prices of
electricity and other fuels and also because
of lower population growth. Lower popula-
tion growth means that the supply of hous-
ing that exists in the year 2002 will have a
smaller proportion of recently built, more
thermally efficient houses. Figure 4-11
shows the projected increase in efficiency
of electric water heaters between 1980 and
2002.

Finally, the degree to which people use
electrical equipment can be expected to
change in response to prices of electricity,
the efficiency of the equipment, and in-
comes. The most familiar example of such
achange is in thermostat settings—energy
use can be changed with no investment in
equipment simply by accepting a different
level of service (in this case a different
temperature) in the house. Similar econ-
omy measures are possible for most energy
uses. In spite of increased prices of electric-
ity, a combination of energy-efficiency im-
provements and income increases are pro-
jected to result in more use of space
heating (increased thermostat settings,
heating rooms previously closed off, and
using less substitute fuels such as wood,
etc.) by the year 2002. Modest reductionsin
water heating use are projected.

This discussion of electrical equipment use
was based on demand for electricity before
the Council’s proposed conservation pro-
grams. The effects of these programs are
fairly predictable. Projected residential
sales of electricity would grow at slower
rates, and the use of electricity per house-
hold would decline faster because of the
increased thermal efficiency of homes and
water heaters estimated in the Council's
conservation studies. The effects of these
efficiency increases would be somewhat
diminished, however, by greater use of
space and water heat brought about by the
cost savings from improved efficiency.

1980

r- Low |

o

Medium Low

2002
Medium High
High

1.0 20
Efficiency Index

Figure 4-11.
Projected Energy Efficiency of Electric Water Heaters—
Without Changes in Building Codes

Commercial Demand

Commercial demand for electricity ac-
counted for 18 percent of firm sales of elec-
tricity in 1981. Commercial sector electric-
ity demand, like that of the residential sec-
tor, is influenced by many factors such as
fuel prices and available technology. There
is one fundamentally important factor on
which energy use projections can reason-
ably be based: the total floorspace of the
buildings in the commercial sector. The
commercial sector demand model projects
the amount of commercial floorspace and
then predicts fuel choice, efficiency choice,
and the use of the energy-consuming
equipment necessary to service this floor-
space. These choices are based on invest-
ment factors, fuel prices, and available
technology. This study separates commer-
cial sector energy use by building type,
application, and fuel type. Historical de-
mand for electricity by the commercial sec-
tor for various applications is shown in
figure 4-12.

Lighting 43.4%

Cooking 0.1%

Water Heating 1.7%

Refrigeration 4.0%

Other 6.7%

Ventilation
8.4%

Heating
12.9%

Air Conditioning se——
22.8%

Figure 4-12.
1981 Commercial Sector
Use of Electricity by Application
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Projections of commercial demand for elec-
tricity vary widely. In the low growth fore-
cast, commercial demand for electricity
increases from 2,713 megawatts in 1981 to
3,254 megawatts by 2002. In the high
growth forecast, it reaches 5,908 mega-
watts. As shown in table 4-5, the average
rate of growth of demand ranges from 0.9
to 3.8 percent. The size of this range is due
principally to the range of employment pro-
jections in the commercial sector (floor-
space projections are based on employ-
ment). Examining some components of
these projections gives a clearer picture of
the developments that would produce these
totals.

Use of electricity per square foot of floor-
space, shown in figure 4-13, decreases in
all growth forecasts. As in the case of use
per household in the residential sector, the
amount of decrease in use per square foot
is quite similar for all forecasts, ranging
from 9.7 percent in the high growth fore-
cast to 8.2 percent in the low growth
forecast.

The fraction of commercial floorspace
which is air conditioned is projected to
increase in all forecasts, with greater in-
creases occurring in the higher-growth
forecasts. Under these conditions, the use
of electricity per square foot could be
expected to increase without offsetting
changes in the efficiency and intensity of
equipment use. In each growth forecast
there are changes in efficiency that vary
with building type and type of application.
Figure 4-14 shows the change in average
efficiency of electrical space heating in
commercial buildings between 1980 and
2002 for each of the four growth forecasts.
Efficiency improvement is substantial,
ranging from 36 percent in the low growth
forecast to 64 percent in the high growth

Table 4-5.
Commercial Demand for Electricity
DEMAND AVERAGE ANNUAL
GROWTH (Average Megawatts) DEMAND GROWTH
FORECAST 1981 1990 2002 1981-2002 (%)

High 2,713 3,586 5,908 3.8
Medium High 3,123 5011 3.0
Medium Low 2,854 4,030 19
Low 2,418 3254 0.9

1980
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Medium Low

Medium High

High

g
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kWh/sq ft
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Figure 4-13.

Commercial Sector Average Annual Use of Electricity (per square foot)—
Without Changes in Building Codes
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Medium High
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Efficiency Index
Figure 4-14.
Projected Efficiency Index of Electric Space Heat in Commercial Buildings—
Without Changes in Building Codes
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forecast. Similar improvements in lighting
efficiency are projected, as shown in figure
4-15. Intensity of use adjustments also vary
with building type, application, and fore-
cast. Generally, these changes are small—
improvements in equipment efficiency will
tend to compensate for increased prices of
electricity. The actual cost of maintaining a
given intensity of use changes very little
and in some cases even decreases.

These projections do not take into account
the conservation programs included in this
plan, but are based on existing building
codes and market response to increased
energy prices. The Council’s programs will
reduce overall demand for electricity,
reduce demand per square foot, and im-
prove equipment efficiency. Conservation
savings estimated in the Council’s conser-
vation analysis will be reduced by increases
in the intensity of electric use since the
programs will decrease operating costs, to
make the use of electricity more attractive.

industrial Demand

In 1981, the industrial sector accounted for
41 percent of firm electricity sales in the
region. Thirty-seven percent of industrial
demand was sales to Bonneville’s Direct
Service Industrial (DSI) customers. An addi-
tional 43 percent was sales to major elec-
tricity-consuming industries, including
lumber and wood products, pulp and paper,
and chemicals. Together, these two groups
accounted for 80 percent of industrial con-
sumption of electricity.

The concentration of sales in only a few
industries and the distinction between DSl
and non-DSI customers led to the adoption
of a three-pronged modeling strategy. DSI
consumption of electricity was forecast
separately, based on an assumed return to
their firm contract demand in all but the fow
forecast. Demands for the large electricity-
consuming non-DSlI's (lumber, paper, and
chemicals) were forecast using a detailed
demand model known as the key industries
model. Load forecasts for the remaining
industries were developed using an eco-
nometric model, referred to as the minor
industries model.

4-10
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Figure 4-15.
Projected Efficienty Index of Lighting in Commercial Buildings—
Without Changes in Building Codes

Forecasts of demand for electricity for the
non-DSI sector depend on projections of
production by industry and on prices of
electricity. The minor industry forecast also
depends on assumptions concerning fuel
prices.

The high and low forecasts of industrial
sector demand for electricity are shown in
table 4-6. Growth in firm industrial demand
for electricity is projected to range from 0.6
percent per year in the low growth forecast
to 1.7 percent in the high growth forecast.
Two intermediate forecasts show demand
growth rates of 1.5 percent and 1.6 percent
per year.

In the four forecasts, the growth rates for
components of the industrial sector vary
among industry groups. All forecasts pro-

ject that demand for electricity in the minor
industries will increase at a faster rate than
in the key industries or DSI customers. This
results from the projections of economic
growth in which electronics, plastics, and
other manufacturing industries grow faster
than such traditional industries as lumber
and wood products, pulp and paper, and
chemicals. Figure 4-16 shows the percent
of industrial consumption of electricity by
industry in 1980 and as projected for 2002
in the high and low growth forecasts.
Industrial consumption increases dramati-
cally for the minor electricity-consuming
industries since they are projected to in-
crease production at a faster rate than the
key industries or DSIs in all growth fore-
casts. As shown, the industrial consump-
tion accounted for by the DSlIs decreases in
all forecasts because firm sales are as-
sumedto be limited to Bonneville contracts.

Table 4-6.
Industrial Demand for Electricity (Firm Sales)
DEMAND AVERAGE ANNUAL
(Average Megawatts) DEMAND GROWTH
INDUSTRY 1981 2002 1981-2002 (%)
CATEGORY LowW HIGH LOwW HIGH
DSl 2,405 1,956 2,668 1.0 0.5
Key Industry 2,740 3.282 4,102 0.9 1.9
Minor Industry 1,280 2,013 2,442 22 31
Total 6,425 7,251 9,212 0.6 1T
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The DSI component of industrial demand
assumes that the Alumax aluminum facility
is indefinitely postponed in all forecasts. In
the high, medium-high, and medium-low
forecasts, it is assumed that all existing
aluminum capacity remains in the region.
In the low forecast, 30 percent of existing
aluminum capacity is assumed to shut
down, which accounts for the considerably
lower DS! share of total industrial con-
sumption in the low growth forecast.

The share of industrial electricity consumed
by the lumber and wood products indus-
tries is projected to decrease in all fore-
casts. The chemicals industry, on the other
hand, is projected to increase its share,
primarily because of growth in the chlor-
alkali and miscellaneous chemicals indus-
tries. The pulp and paper industry’s share
increases in the low forecast but changes
very little in the high growth forecast.

Irrigation Demand

Irrigation loads represent approximately 5
percent of total firm loads in the region.
The amount of electricity used forirrigation
depends on factors such as number of irri-
gated acres, weather conditions, topog-
raphy, and pumping lifts, as well as prices
of electricity. The model used by the Coun-
cil assumes a growth in demand for elec-
tricity for irrigation that would occur if
prices of electricity remained constant, and

2002 LOW
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Figure 4-16.
Composition of Industrial Firm Sales

then modifies that growth based on pro-
jected prices. The projections, shown in
table 4-7, range from an average annual
growth rate of 2.1 percent in the high
growth forecast to 1.2 percent in the low.
The two intermediate forecasts were based
onthe same assumptions regarding growth
in the absence of price increases. The dif-
ference between these forecasts is due to
the higher prices of electricity implied by
the medium-high forecast.

Role of Demand Forecasts
in Resource Selection

The demand forecasts presented in this
chapter are based on a traditional concept
of demand—assuming certain economic
conditions and prices of electricity, then
forecasting how much consumers would
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purchase. These are forecasts of “price
effects” demand. Because the Council's
plan treats conservation as a regional re-
source, this forecast of demand for electric-
ity, which includes only the amount of con-
servation consumers would choose to
purchase based on the average price they
pay for electricity, does not provide an
adequate basis for planning. Treating con-~
servation as a regional resource requires
that the Council's resource portfolio in-
clude all conservation that is cost-effective
to the region, whether purchased by Bon-
neville or by individual consumers. The total
amount of conservation that is cost-
effective to the region is greater than the
amount that consumers would purchase.
This is partly because the long-run incre-
mental cost of electricity to the region is
higher than the average prices of electricity
faced by consumers.

Tabie 4-7.
Irrigation Sector Electricity Sales Projections

DEMAND AVERAGE ANNUAL
GROWTH (Average Megawatts) DEMAND GROWTH
FORECAST 1981 1990 2002 1981-2002 (%)
High 770 902 1,200 21
Medium High 770 865 1.146 1.9
Medium Low 770 867 1,163 2.0
Low 770 722 994 12

4-11
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To provide the appropriate basis for re-
source portfolio analysis, a second demand
concept is required. This demand forecast
includes all potential demand for electricity
that could be satisfied with conservation or
with generating resources. This forecast is
called “frozen efficiency” demand because
itassumes noincrease, beyond 1983 levels,
in the efficiency of energy-consuming
equipment that could be subject to conser-
vation programs. By making resource port-
folio decisions based on “frozen efficiency”
demands, all regionally cost-effective con-
servation potential can be identified,
whether it will be purchased by consumers
or Bonneville. In addition, using “frozen
efficiency” demand as a basis of resource
planning avoids the problem of counting
the same conservation actions as both
price response and conservation program
effect. This helps to ensure comparable
treatment of conservation and other poten-
tial resources.

Athird demand concept is required to fore-
cast prices of electricity. For determining
prices of electricity, all costs, including
conservation costs, and actual sales are
needed. Therefore, a “sales” forecast is
developed by incorporating conservation
programs into the demand forecasting
models. “Sales” forecasts evaluate the
interaction between conservation pro-
grams, prices of electricity, and other deter-
minants of demand.

The three concepts of demand (price ef-
fects, frozen efficiency, and sales) are illus-
trated for the high and low forecasts in fig-
ure 4-17. The difference between the frozen
efficiency forecasts and the sales forecasts
indicates the total reduction in demand
expected from achieving all regionally cost-
effective conservation. The difference be-
tween the price effects and the sales fore-
cast illustrates the extent to which regional-
ly cost-effective conservation exceeds what
consumers would purchase at the same
prices of electricity.

Once demand forecasting predicts a range
of possible future energy needs, the next
step is to design a portfolio of resources
that is flexible enough to meet any of those
needs. The next chapter describes how that
portfolio was developed, and explains the
different factors that were considered dur-
ing its development.
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“the plan shall include ... a forecast
of power resources estimated by
the Council to be required to meet
the Administrator’s obligations”

Chapter 5
Development of the
Twenty-Year Plan

Chapter 4 described the broad range of
possible energy needs the region may ex-
perience during the next twenty years,
including record employment growth that
would exceed the growth rate experienced
during the past twenty years. The resource
portfolio presented in this chapter has the
ability to provide enough resources to meet
a broad range of future regional electrical
needs, including the high growth forecast,
without significant risk of overbuilding
resources.

This chapter first describes the cost-ef-
fectiveness perspective and the resource
portfolio chosen by the Council, including
the option and resource schedules for each
of the four demand growth forecasts and a
description of the conservative assump-
tions built into the plan. This is followed by
a description of the eight major issues
faced by the Council in determining that
resource portfolio.

Electricity is supplied today via a complex
system of generation plants and transmis-
sion lines. New resource additions, there-
fore, must be analyzed from a system per-
spective; that is, how well they would work
with each other and existing resources.
This chapter next reviews how this system
analysis was conducted, beginning with a
characterization of hydropower generation,
the backbone of the regional power sys-
tem; continuing with the discussion of the
proper role of combustion turbines; and
ending with a review of the specific process
used to analyze the Council’s portfolio.

Cost-Effectiveness Perspective

The Act requires that the Council give prior-
ity in this plan to resources it determines to
be “cost-effective.” The Administrator is
required, when acquiring major resources,
to acquire only those resources which are
consistent with the plan. If he finds a re-
source to be consistent with the plan, he is
not required to make any finding of his own
about cost-effectiveness.

“Cost-effective” is a comparative test. Are-
source is cost-effective only in comparison
to other resources. There is no absolute
“cost-effectiveness.” A resource is cost-
effective if it produces power at an “incre-
mental system cost” less than another
resource. “Incremental system cost” must

include some costs which are not included
in the “cost of acquisition” to the Adminis-
trator: e.g., environmental costs; and the
cost-effectiveness ranking must include the
10 percent advantage for conservation.
Cost-effectiveness also includes consider-
ations of the risk that is associated with
large capital commitments and long con-
struction lead times.

The Council has adopted a perspective
which views the “system” as the ratepayers
of the region. The Council’s cost-effective-
ness test is to minimize the total costs
borne by the region's ratepayers, both
directly and through their utility rates. This
can be called a “regional perspective” or
“regional cost-effectiveness.”

An alternative perspective which the Coun-
cil considered but did not adopt could be
called the “utility perspective” or “utility
cost-effectiveness.” With this perspective
the test of cost-effectiveness is to minimize
Bonneville’s revenue requirements alone
rather than the total costs of providing
electric service to the ratepayers.

The Council chose to measure costs from
the perspective of the ratepayers as awhole
for a variety of reasons. First, this perspec-
tive offers the simplest measure of costs.
The Council is not faced with the difficult
decision about what the “offering price” of
a resource would be to Bonneville. For
instance, the Council measures conserva-
tion cost as the total cost of installing a
conservation measure, regardless of who
pays what portion of the cost of the meas-
ure—the ratepayer directly or the ratepayer
acting through the utility.

Second, the cost to all regional ratepayers
as a group is a close approximation of the
cost to the region as a whole. If the region
chooses the electric resources that mini-
mize its total cost, economic resources like
capital will be used with maximum effi-
ciency.

Third, the Council found it necessary to
draw up a regional twenty-year plan, and
found the interest of the region’s ratepayers
to be the most appropriate viewpoint for
conducting this analysis. The Council can-
not accurately predict in 1983 what portion

of the region's demand growth will be
placed upon the Administrator throughout
the twenty-year planning period. It is pos-~
sible under Bonneville’s contracts with its
customers that nearly all of the region’s
demand growth could be placed upon
Bonneville, and hence the Council’s twenty-
year plan must include provision for meet-
ing that growth. Viewing resource costs,
therefore, as regional ratepayer costs is
appropriate.

Resource Portfolio

The Council investigated a wide variety of
resources to develop this power plan and to
identify the most cost-effective resources
that could be added to the existing power
system. Based on these studies the most
cost-effective resources are conservation
and hydropower in the low and medium-
low forecasts. Cogeneration, combustion
turbines, and coal-fired steam-electric
power plants would be added in the
medium-high and high forecasts.

Conservation, as defined in the Act, means
“any reduction in electric power consump-
tion as a result of increases in efficiency of
energy use, production, or distribution.” It
isimportant to note that this does not mean
doing without. Conservation as used in this
plan does not require any change in life-
style or the level of economic activity. The
conservation actions called for in this plan
allow consumers to retain lifestyles, but to
consume less electricity in the process.
Furthermore, conservation is treated in this
plan as a resource. This means that the
Council has taken great care to analyze
conservation as a substitute for additional
electric generation. Throughout the dis-
cussion that follows, conservation is in-
cluded as an additional supply of electricity
rather than as a reduction to the demand
growth forecast. This ensures equal treat-
ment of conservation with all other re-
sources. Thus, conservation, like other re-
sources, will only be “acquired” if it is
cost-effective. A specific resource strategy
that identifies a preferred combination of
resources and a schedule for adding them
to the existing system has been developed
for each of the four growth forecasts shown
in figures 5-1 through 5-4.

5-1
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If the low growth forecast (figure 5-1) Two-Year
should occur, the Council plans to meet the Action Plan Megawatts
demand with conservation alone. 11000

: v 10000
As higher growth occurs, the Council plans A ,
to meet the demand by adding more con- 5 1 W . : 9000
servation, then hydropower, cogeneration, ! ) . = i ]
combustion turbines, and coal. : : ‘ 8000
The plans for the resources necessary to 7000
meet the demands of the other three fore- _—

casts are shown in figures 5-2, 5-3, and 5-4. ;
The selected mix of resources is readily 2 5000
seen by comparing these figures.

4000
This plan accomplishes two very important
objectives. First, it contains the lowest cost 3000
mix of resources taking into consideration

fish and wildlife and environmental im- L

pacts. Second, this resource strategy will ’ 1000

provide needed planning flexibility through —

the maximum use of flexible (small and Y

. 84 86 88

short lead time) resources and the con- % e = 6 26 <000 b2

trolled use of options. This strategy assures Flgure 5-1.

the region an inventory of resources that , Low Growth Forecast Resource Mix

will meet even the highest demand growth.

It also maintains the flexibility to avoid

itti Two-Year

committing large sums of money for re- Action Plan Megawatis

sources that would not be needed, or 11000

would be needed much later, if regional |

demand for electricity should be low. ~ 10000
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0
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B conservation Figure 5-2.
Hydropower Medium-Low Growth Forecast Resource Mix
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Medium-High Growth Forecast Resource Mix
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The decision schedules necessary to en-
sure that the resources in this plan can be
constructed in time to meet developing
loads are shown in figures 5-5 to 5-8. The
vertical width of the bars in these figures
represents the amount of energy (meg-
awatts) provided by the various resources
in the portfolio. The horizontal length of the
bars illustrates the timing of decisions for
acquiring options on and construction of
individual resources. Following the option
and construction phases the resources
enter into operation. These figures only
show the decision points for those re-
sources that are actually built.

Figure 5-5 depicts the decision schedule
under the low growth forecast. The new
resources in this case are made up entirely
of conservation, and because conservation
lead times are very short, the option and
acquisition decisions can be made very

near to the point at which the energy is
actually required.

In the low growth forecast, the Council’s
model standards and conservation pro-
grams are started in all sectors during the
next two years. These programs are pur-
sued for five years achieving the 1988
targets specified in the two-year action plan
(chapter 10). After the first five years, the
conservation programs are suspended and
only the model conservation standards
continue through 2002. The construction
of new houses and commercial buildings to
the tighter standards creates a slight in-
crease in conservation savings from 1988
through 2002. In the medium-low case (fig-
ure 5-6), all of the available conservation
programs are developed and some hydro-
power is added. The effect of the longer
lead time for hydropower can be seen.

Optioning Phase
Construction Phase

Conservation
Hydropower
Cogeneration
Coal
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Figure 5-5.
Option/Construction Schedule (Low Growth Forecast)
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Figure 5-6.
Option/Construction Schedule (Medium-Low Growth Forecast)
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The medium-high and high cases (figures
5-7 and 5-8 respectively) both require the
addition of higher cost thermal resources in
the form of cogeneration, combustion tur-
bines, and coal plants. The dramatic impact
of the long lead time for coal as compared
to other resources can also be seen in these
figures. For example, in figure 5-8, the long
lead time requires an option decision in
1988 for the first coal plant needed to meet
loads in 1998, much earlier than the option-
decision points for the conservation, hydro-
power, cogeneration, and combustion tur-
bines that are needed before the first coal
unit. The lead time requirements of the coal
plants would cause the acquisition of an
option earlier than other resources, but this
should only be viewed as insurance against
high demand growth, not as a replacement
for shorter-lead-time resources that are
more cost-effective.

The resource schedules show the initiation
of conservation programs. Not shown but

included in the two-year action plan are
options on six hydropower sites. These
actions are necessary to build the capabil-
ity of new conservation programs and to
demonstrate the options concept.

In future revisions of this plan, the resource
schedules shown in these figures will
change due to changes in demand, re-
source costs, options, and construction
schedules. In addition, the Council expects
that new low-cost technologies will become
commercially available during the next
twenty years. The Council will modify its
portfolio to ensure that it continues to con-
tain the lowest cost mix of resources to
meet the region’s demand for electricity. If
future demand forecasts are reduced, some
of the resources shown in figure 5-8 would
not be needed and options would not be
acquired on these resources. This eventual-
ity, of course, assumes that the demand
forecasts are revised prior to the time when
an option decision is scheduled.
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Figure 5-7.
Option/Construction Schedule (Medium-High Growth Forecast)
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Option/Construction Schedule (High Growth Forecast)
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Until an appropriate inventory of resource
options is available, the region needs to
purchase options on the resource schedule
for the high growth forecast. This ensures
that the region has the ability to convert
options to resources if the high growth
forecast should occur. Resource options
should be acquired according to the sched-
ule shown in Figure 5-8 until an inventory of
options is created that can provide suffi-
cient energy to meet a high rate of demand
growth. The longest lead time resources
will require no more than seven years to
construct. Therefore, the inventory of op-
tions needs to be sufficient to cover seven
years of high demand growth. Due to the
current surplus, no thermal resource op-
tions are needed until 1988. The options
inventory will need to be replenished as
options are exercised or as they are elimi-
nated by technological obsolescence or
regulatory changes.

Figure 5-9 illustrates the major emphasis
and effort that the Council and the Act have
placed on conservation programs and
shows four rates of conservation achieve-
ment. If the low growth forecast actually
occurs, conservation programs will gener-
ate less savings because there will be fewer
people, houses, and buildings, and there-
fore, a smaller total amount of electricity
consumed. In the high growth forecast,
large numbers of new houses are built and
rapid growth occurs in commercial busi-
nesses. These greatly increase the poten-
tial conservation savings that the Council
plans to make available by implementing
conservation standards and programs ag-
gressively. The conservation program
schedule shows that very little conservation
is acquired in the next two years because
the region has surplus power. During that
period, the Council plan calls for the devel-
opment and testing of programs to build
capability in the residential, commercial,
industrial, governmental, and agricultural
sectors.

Figure 5-10shows the three phases (option,
construction, and operation) of a resource
under the Council’s plan. Only generating
resources are shown, because conserva-
tion programs begin immediately and can
be added incrementally each year. They

Megawatts
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Figure 5-9.
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can be implemented quickly (or slowly if
demand is not growing as expected). Fig-
ure 5-10 provides a guide for making option
and construction decisions for each growth
forecast. As all resources are not included
in all four forecasts, only relevant resources
are listed on the schedule. For simplicity of
presentation, similar resources have been
lumped into nine hydropower and five
cogeneration groups. These groupings im-
ply nothing about the number and size of
the actual projects that may result in the
approximate amounts of energy genera-
tion shown.

This schedule also shows that if high de-
mand growth actually occurs, an option on
the first coal plant should not be started
until 1988. On the other hand, if demand
grows closer to the medium-high forecast,
the schedule requires the first coal plant
option to be initiated in 1991.

Resource Uncertainties

An important question raised during the
public comment period was whether the
resource schedules in this plan could meet
the power needs in the high growth fore-
cast. Several groups stated that decisions
to begin thermal plants might be needed
during the next two years if conservation
and renewable resources fail to perform as
well as anticipated. Other groups com-
mented that the Council had underesti-
mated the amount of conservation and
renewable resources and that no additional
thermal plants would be needed to meet
the twenty-year high growth forecast.

The Council based its analysis of energy
needs and conservation and renewable re-
sources on the best information currently
available. This analysis included a number
of conservative assumptions that would
tend to overestimate the demand for elec-
tricity and underestimate the amount of
conservation and renewable resources
available. Table 5-1 lists the Council's con-
servative assumptions. The Council was
not able to estimate the effect of all of these
issues, but those that could be estimated
total between 6,500 and 9,000 megawatts. If
the Council had used less conservative
assumptions, no additional thermal plants
would be needed in the twenty-year plan.

5-10

Tabie 5-1.
Conservative Assumptions Used in the Plan

MEGAWATTS BY 2002

Possible Load Forecast Reductions

1.

All DSls operate at full contract demand in the high forecast in spite
of doubled real prices

Plan includes less stringent commercial lighting standard than could
be applied

Plan includes no effect of inverted rates

Plan includes no additional use of wood heat in electrically heated
homes

Plan includes simultaneous high levels of industrial activity in all
non-DS! industries in the high forecast at the same time as high
electric and other fuel prices

Plan based on low estimated price elasticity in the agricultural and
industrial sectors

Plan assumes no lasting fundamental changes in the economy due to
the current recession

Possible Resource Additions

1.

Plan has only moderate estimate of cogeneration potential in pulp
and paper industry and other gas-fired cogeneration

Transmission and distribution efficiency improvements are not
included

Less stringent criterion than critical water could be used
Cost-effective hydropower is limited by assumption of 50-year life
rather than potential 100-year life

Technology improvements in generation or conservation
technologies are not included

New non-hydropower renewable resources such as wind, solar,
geothermal, district heating are not included

New energy storage that could convert non-firm energy to firm
energy is not included

Resources specifically developed in response to PURPA are not
included

Resources that are not commercially available in the Northwest now
are not included

Possible Conservation Additions

1.

w N

@ N o ok

Plan includes only 500 megawatts of industrial conservation at an
average cost of 2 cents per kilowatt-hour

Plan includes no zone heating of buildings and no night setbacks

Plan has no increase in hydropower energy available from water
saved due to agricultural conservation

Plan did not assume use of most efficient appliances

Plan assumes commercial buildings built stricter than code

Plan assumes no use of most efficient water heater heat pumps

Plan does not include new building code for mobile homes
Cost-effectiveness of conservation was calculated on a pre-tax basis,
and did not take account of net effect after tax deduction of interest
expense

Allowance was made in the modeling for utilization adjustments up to
10% above 1979 amenity levels, such as indoor temperature

Total additional resources or load forecast reductions

800-1,400

540
300

120

NE

NE

NE

Up to 1,800

250
1,000

300

NE

NE

NE

NE

NE

1,000
200

165
1,000

160
NE

NE

320
6,695-8,995

NOTE: NE indicates “not estimated”
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The Council also evaluated the effect of
overestimating the amount of conservation
and renewable resources that would be
available during the next twenty years. The
Council’s sensitivity analysis removed 1,700
megawatts of these resources in the high
growth forecast and determined that the
first decision to begin siting, licensing, and
design of a thermal plant would occur in
1986. Therefore, the Council has concluded
that it has at least three years to gather
additional information about future power
needs and supplies before a decision
to commit regional ratepayers’ funds is
needed. The Council will review the need
and timing of an option on a thermal plant
during the 1985 revision to this plan.

Major Issues of the
Power Plan

The development of this plan required the
consideration of numerous issues. This
section highlights the Council’s decisions
on the eight major issues that emerged
from public comments and Council debate.
The issues were:

e Cost of the plan;

e Treatment of growth forecast uncertain-
ties;

e Current surplus of firm energy;

e Marketing interruptible energy in the
Northwest;

e Quantity and cost of conservation;
* Quantity and cost of new hydropower,
* Use of combustion turbines; and

* WPPSS 4 and 5 compared with generic
coal plants.

Cost of the Plan

The Council has selected the lowest cost
mix of resources to meet future energy
needs and developed a planning strategy
that is designed to minimize the risk of
overbuilding or underbuilding resources.
The actual cost of the plan over the next

twenty years will depend on how much
electricity is needed. If the region’s energy
growth follows the high forecast, a number
of new resources, including expensive new
thermal plants, would be needed and retail
rates, adjusted for inflation, would increase
by 40 percent between 1983 and 2002.
Under the low growth forecast, the region
would develop less than a third of its poten-
tial low-cost conservation and rates would
actually drop 20 percent over the twenty-
year period, after adjusting for inflation.

The region currently has a surplus of elec-
tricity. In recognition of this fact, this plan
calls for the gradual development and test-
ing of new conservation programs for all
sectors of the economy so that these pro-
grams will be ready when the power is
needed. These efforts are scheduled to
begin slowly so they do not add unneces-
sarily to the surplus.

The Council estimates that the conserva-
tion programs in the two-year action plan
will increase average retail rates by 3/100 of
a cent per kilowatt-hour in 13985.

Treatment of Growth Forecast
Uncertainties

The second issue facing the Council was
the treatment of uncertainties in the demand
forecast. To resolve this issue, the Council
developed a planning philosophy that pro-
vided for explicit recognition of the uncer-
tainty of demand forecasting and incorpo-
rated this philosophy into the selection of
resources. This required an extensive proc-
ess and resulted in development of the
range of economic and demographic pro-
jections used in this plan. Many individuals
and organizations contributed to the proc-
ess through responses to a Council ques-
tionnaire, written comments on issue
papers, and public comment at Council
meetings. The Council’s range forecast
encompasses the plausible high and low
needs over the next twenty years. The
Council’'s mix of resources is designed to
adapt to whatever demand growth occurs.

Current Surplus of Firm Energy
The third major issue faced by the Council

was how to deal with the current surplus of
firm energy. The Council's analysis shows

an unavoidable surplus occurring even
with the high demand growth forecast, and
a longer and larger surplus if only the low
demand growth occurs. The Council made
three major decisions regarding the current
surplus.

First, the Council decided to proceed with a
new, more stringent building code for resi-
dential and commercial buildings. Build-
ings built throughout the rest of the 1980s
will have lives considerably longer than the
current surplus, especially if demand
growth is in the upper half of the range.
Because retrofitting conservation is much
more expensive than installing it at the time
the building is built, and in some cases is
not structurally feasible, it is far more cost-
effective to implement a new building code
in this first plan. Moreover, since one of the
main elements of demand growth is the
number of people coming into the region
and the new buildings built to accommo-
date them, conservation through building
codes automatically follows demand
growth. Energy savings will be low with low
demand growth and high with high demand
growth.

Second, the Council decided to pace the
development of other conservation activi-
ties to the need for the energy. For this
reason, the plan provides low initial pene-
tration rates for conservation programs to
retrofit buildings and programs for the
other sectors are designed, tested, and
developed so that they can be accelerated
when the end of the surplus is imminent.
The pace of actual conservation activities
will be based on the need for the energy.

Finally, the Council supports current re-
gional efforts to sell the firm surplus to Cali-
fornia utilities. The Council will consider
modifications to this plan if the sale of firm
surplus power, with appropriate callback
provisions, is concluded. The Council be-
lieves that the Northwest could benefit from
the sale of firm surplus power. In addition,
there may be circumstances where it would
be appropriate to accelerate the develop-
ment of conservation and other resources
for sale to the Southwest until the power is
needed in the Pacific Northwest.
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Marketing Interruptible Energy
in the Northwest

The large variation in annual and seasonal
quantities of energy available from the
hydropower system occurs because of the
limited storage capability of the system’s
reservoirs. The result is large amounts of
either generation or spill during the spring
runoff in most years. When the system is
spilling, non-firm power is often sold to
California at very low rates, currently 0.9 of
a cent per kilowatt-hour. California uses
this cheap power to displace much more
expensive gas- and oil-fired generation.
Unless reservoir storage capability is in-
creased or additional markets for interrup-
tible power are developed in the Northwest,
alarge amount of very valuable cheap elec-
tricity will continue to be either lost or
exported to the Southwest.

As part of this plan, the Council expects
Bonneville to actively develop additional
markets within the region for this spilled or
low-price energy. Possibilities include in-
stalling electric boilers in commercial and
industrial locations that now use fossil-
fueled boilers and providing interruptible
service to irrigated agriculture. Electric
boilers currently appear to be the most
promising. The Council estimates that be-
tween 900 and 1,400 megawatts of inter-
ruptible electric-boiler load could be devel-
oped. Because the Council's estimate
focused mainly on the forest products
industry, this figure probably does not iden-
tify the entire potential in the region. The
Council recognizes that the Direct Service
Industries of Bonneville currently rely on
non-firm energy (combined with borrowed
DSl firm energy) for 25 percent of their
loads, about 900 megawatts at full opera-
tion. These existing loads lack dual fuel
capability. The Council does not mean to
imply that this service should be subordi-
nated to new interruptible uses.

A major hindrance to developing the in-
region value of this additional load is the
first cost of the boiler installation itself.
While not large in absolute terms (approx-
imately $1.2 million to install a 20-megawatt
electric boiler), the current economic re-
cession makes the cost high for individual
companies.
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There are several ways to reduce the bur-
den of this first cost. Bonneville could offer
the boiler owner a very low price on firm
surplus power for the first year or two to
induce the owner to install these boilers in
the region. This would be firm surplus
power Bonneville has available after all its
customers have been supplied and for
which there is currently no market. It is
estimated that a 1.0 cent per kilowatt-hour
rate for the whole year could pay back the
boiler investment in two years. After that,
the boilers can operate competitively on
the various non-firm power rates depend-
ing on the cost for other boiler fuels. A
second approach would be for Bonneville
to make non-firm energy available to boiler
loads with a greater degree of firmness
than is normally associated with such ener-
gy. A third alternative, whose feasibility and
legal aspects need careful investigation,
would be for Bonneville to invest directly in
the boiler installation, if this would result in
a net benefit to the region’s ratepayers.

Efforts to market interruptible energy within
the region are entirely consistent with the
proposed sale of the region’s firm surplus,
and neither effort is a substitute for the
other. The effort to develop additional
methods for keeping the ecoriomic benefits
of low-cost non-firm energy in the region
should proceed immediately.

Quantity and Cost of Conservation

The fifth major issue the Council faced was
the need to determine the quantity and cost
of conservation in each sector of the econ-
omy. The Council used a combination of
detailed analyses on individual conserva-
tion actions and the demand forecasting
models to estimate the energy savings per
action, the cost of installation, and the
human factors and habit changes that can
be expected after conservation measures
are installed. Following extensive consulta-
tion and public comment, the Council deter-
mined that 5,150 megawatts of conserva-
tion should be available at an average cost
of 1.8 cents per kilowatt-hour in the high
growth forecast. Of course, savings would
be less in other forecasts because fewer
buildings would be built. No conservation
measure in this plan exceeds 4.0 cents per
kilowatt-hour.

Animportant determinant of the amount of
conservation that can be developed is the
assumption of penetration rates (how much
of the available conservation will actually
be implemented). The Council has set high
penetration rate targets for three reasons.
First, conservation is valuable—it is the
cheapest resource available to meet future
needs and it has minimal environmental
effects. Second, the region has twenty
years to achieve the Council’s targets; this
will provide sufficient time to work out any
problems that may arise. And third, the
Council has a number of tools, ranging
from incentive programs that can finance
all or part of conservation measures to reg-
ulations that are enforced with rate sur-
charges. This plan relies heavily on incen-
tives, but the Council is prepared to modify
programs, if necessary, to ensure the devel-
opment of this valuable resource.

The Council received hundreds of com-
ments on the appropriate level of financing
for conservation measures. The Council
has provided the flexibility to set financing
levels for conservation measures that
achieve the Council’'s conservation savings
at the lowest possible cost to Bonneville
ratepayers, up to or above the full cost of
the conservation measure, if necessary.
The Council has designed the program to
improve the efficiency of existing houses to
ensure that conservation benefits are equi-
tably distributed throughout the popula-
tion. The program calls for financing levels
that will achieve penetration rates among
renter-occupied and low-income house-
holds that are at least proportionate to their
share of the total number of electrically
heated households. The low-income pro-
gram will provide 100 percent of the actual
cost ofthe conservation measures installed.

The Council has also identified an alterna-
tive to the Bonneville method for calculat-
ing the payment for conservation savingsin
existing houses. Subject to further study, it
appears that this alternative to the Bonne-
ville method may result in a more equitable
distribution of conservation payments
across the region. The Council intends to
circulate the proposed method for public
comment. Based on the testimony received,
the Council will consider amending this
plan to incorporate the revised method.
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Quantity and Cost of
New Hydropower

Sixth, the amount and cost of new hydro-
power resources was an issue that had to
be decided. The Council selected hydro-
power resources that are believed to be
low-cost and that generate most of their
energy when needed (in the fall and win-
ter). The Council’s analysis also considered
fish and wildlife and environmental consid-
erations. This resulted in a selection of
1,150 megawatts of new hydropower gener-
ation. This figure represents less than 10
percent of the new hydropower potential in
the region. This resource is estimated to
cost less than 4.0 cents per kilowatt-hour.
The 1,150 average megawatts of hydro-
power under average water conditions rep-
resent 920 average megawatts assuming
critical water conditions.

Use of Combustion Turbines

The seventh major issue involved the selec-
tion of combustion turbines to provide
shorter lead time, low-capital cost insu-
rance against rapid increases inthe demand
for electricity. Additional analysis is needed
to determine whether combustion turbines
can operate cost-effectively when the load
is known with certainty. On a planning
basis, however, to cope with uncertainty in
the growth forecasts, adding up to 2,800
megawatts of new combustion turbines
would reduce the expected cost of elec-
tricity.

After much discussion and several analy-
ses presented to the Council by the Pacific
Northwest Utilities Conference Committee
(PNUCC), the Intercompany Pool, and
Bonneville, the Council selected 1,050
megawatts of additional combustion tur-
bines as appropriate planning reserves for
unusually rapid future demand growth.

Also included in the Council’'s considera-
tion of the role of combustion turbines were
their environmental impacts. Because of
the unique role combustion turbines are
expected to play in the Council's resource
portfolio, the Council believes that the
associated environmental impacts are
minor. Combustion turbines are expected
to reduce or avoid the need for early con-
struction of large thermal plants.

WPPSS 4 and 5 Compared with
Generic Coal Units

The Council's demand and resource analy-
sisindicates that even if the region’s demand
for electricity grows along the high growth
forecast, no additional large thermal plants
beyond WPPSS 1,2, and 3; Colstrip3and 4;
and Valmy 2 will be needed in the region
until at least 1998. As aresult, no decision to
initiate an option, and no expenditure of
Bonneville funds, would be needed until
1988 to help finance the design, licensing,
and siting of a coal plant. If the medium-
high growth forecast occurs, a new thermal
plant would not be needed until 2001. No
additional thermal plants are needed in the
medium-low or low growth forecasts dur-
ing the planning period. The Council be-
lieves that it is highly unlikely that the
region will be able to achieve the high
growth rate for the next twenty years.

A major element of the Council’s flexible
planning strategy is a comparative risk
analysis of various resources. In general,
the region should avoid using high capital
cost resources that have long construction
times to serve highly unlikely demands. A
resource that takes a long time to build
exposes the region to a greater risk that
demand projections will drop while the
plant is being built. A resource with lower
capital costs and a shorter construction
period allows the region to make the major
financial commitments closer to the time
the energy is actually needed.

The Council compared the construction
times of WPPSS 4 and 5 and generic coal
plants, and found that the partially built
WPPSS plants require 7 years of construc-
tion including remobilization, while coal
plants require 4 to 5-1/4 years to complete
after an option is secured, depending on
how much the region is willing to pay for
the option. The construction time for coal
plants is 4 years.

The Council believes that the region should
choose a resource with a shorter construc-
tion time over aresource with alongercon-
struction time, unless the longer construc-
tion time plant is significantly cheaper.
Long construction periods and large capi-
tal commitments involve loss of flexibility

and high levels of inherent risk. That risk is
acceptable only if there are clear, signifi-
cant economic advantages demonstrated
by the high-risk alternative.

The Council conducted a detailed compar-
ison of the costs of WPPSS 4 and 5 with
generic coal plants, using a variety of as-
sumptions about key variables. The Coun-
cil's analysis indicates that neither coal nor
completion of WPPSS 4 and 5 had a signifi-
cant cost advantage. (See Appendix G,
Volume I, available on request.)

Therefore, if the region needed to make a
decision regarding a thermal resource at
this time; the Council would select a coal
plant on a planning basis because of its
shorter construction time, smaller unit size,
and lower risk exposure. However, no deci-
sion is needed at this time and no Bonne-
ville funds should be expended to initiate
an option on a thermal plant.

The Council recognizes that conditions
may change and new information may be
developed before a decision to initiate an
option is needed. Regulatory uncertainties
exist for both coal and nuclear plants, and
the cost and availability of all resources
may change.

In the next revision to this plan, the Council
will re-examine future energy needs and
the performance of existing conservation
and resource development programs to
determine whether additional resources
are needed in the late 1990’s. The Council
will also re-evaluate alternatives to meet
future energy needs including coal and
nuclear plants, additional conservation and
renewable resources, and new technolo-
gies that may become commercially avail-
able.

The Council also recognizes that some
components of this plan are outside of the
Council's and Bonneville's control. The
model conservation standards for new and
existing residential and commercial build-
ings and regulatory changes needed to
support the options concept depend on the
actions of federal, state, and local govern-
ments for implementation. If these entities
fail to act, then additional energy options
would be needed.
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System Analysis and
Cost-Effectiveness

A key element in evaluating resources is
how they perform with the existing hy-
dropower system. This section begins with
abackground discussion of how the hydro-
power system works and the planning
criteria used to ensure compatibility with
the region’s existing resources. Following
that, the process of analysis which the
Council went through to develop the re-
source portfolio will be explained begin-
ning with a discussion of the role of com-
bustion turbines in the plan. This explana-
tion will include a brief description of the
computer models employed and the results
of those models.

The Hydropower System

The Pacific Northwest electric power sys-
tem is dominated by hydropower, making it
unique in the United States. The hydro-
power system now produces approximate-
ly two-thirds of the region’s total electric
energy. Even if demand grows along the
medium-high forecast, hydropower would
still produce half the region’s electricity at
the end of the century.

There are two key characteristics to the
Northwest hydropower system. First, there
is alarge variation in the amount of electric-
ity that can be generated, depending upon
the amount of rainfall and the snowpack
that accumulates in the region each year.
The annual output of the hydropower sys-
tem during an “average” year is approxi-
mately 3,300 megawatts more than the
12,350 megawatts in a drought year. During
a good year, output can be as much as
6,600 megawatts greater than during a
drought year. “Critical year" and “critical
water” planning assume that the hydro-
power system will produce no more energy
than it did during the worst actual condi-
tions of the 102 years for which records are
available. These worst conditions are either
the four-year period from 1928 through
1932 or the more severe, but shorter two-
year period from 1943 to 1945. These con-
ditions are expected to recur about every
45 years. Energy available above that criti-
cal level is called “non-firm” or “secondary”
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energy. While multiple dry years occur
infrequently, conditions are close enough
to critical about one year out of five for a
long enough period of time to require care-
ful water management by system opera-
tors. During these periods, almost no non-
firm energy is available.

The second characteristic is that the varia-
tion within a typical year can be even
greater than the difference between a
drought year and a wet year.

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 Colum-
bia, Montana, and |daho; but less than half
of even the average snowmelt can be
stored in the system’s reservoirs. This

Average
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means that large portions of the total annual
water supply come during the spring runoff
of May, June, and July. Most of the water
from the melting snow must pass through
the turbines or over the spillways, because
it cannot be stored for use in the following
fall and winter when loads are higher unless
additional system storage could be devel-
oped. There is relatively little non-firm
energy available in the fall, while much
larger amounts are available in the spring.
Figure 5-11 shows the amounts of electric
energy at various availability levels above
the critical period quantities over the 102-
year historical record for which data are
available. The variability of the hydropower
system has major effects on the economics
of other existing and new resources be-
cause it influences the way they operate.

Minimum

Jul Aug Sep Oct Nov

Dec Jan Feb Mar Apr May Jun Jul

Non-firm electric energy available above critical period amounts
* Unshapeable firm surplus due to fish flow requirements.

This diagram is read as follows: In November, for example, the minimum amount of non-firm energy is
0 MW. although the maximum was about 5,000 MW in November, at least 50% of the time there will be
less than 1,000 MW. In March, on the other hand, the 50% line is up to about 7.000 MW.

Figure 5-11.
Non-Firm Energy Availability
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There are several uses for this non-firm
energy. For example, one-fourth of Bonne-
ville’s Direct Service Industrial customer
load is supplied with non-firm energy (in
conjunction with borrowed DSI firm energy
in the fall) as its sole source of supply. The
DSls use about 900 average megawatts of
available non-firm energy during normal
operations. Non-firm energy also is used to
displace output from thermal generating
projects both in and outside the region.
Displacement within the region allows the
higher cost Northwest thermal power to be
marketed in California.

Generation Reliability Criteria

Because the hydropower system is so vari-
able, the primary issue in analyzing system
reliability is the choice of appropriate water
condition against which to plan resources.
The region has traditionally used the criti-
cal water standard. This issue has been
raised because of the observation that an
“average” year has 3,300 megawatts more
hydropower energy available than does a
critical year. However, the 3,300 megawatt
average may be composed of 0 megawatts
in the fall and early winter and 6,600 mega-
watts in the spring and summer. The excess
cannot be transferred from spring to fall,
except for approximately 1,000 megawatts
which may be safely “borrowed,” accord-
ing to current practice, in the fall against the
next spring’s runoff.

The Council does not intend to plan for any
shortages. Its plan does not require changes
in lifestyle or business practice. However,
the Council encourages continuing state
curtailment plans to allow an orderly reduc-
tion in demand in case of unlikely interrup-
tions in supply caused by generation, trans-
mission, or distribution outages. The Coun-
cil plan deliberately includes resources to
meet all demands for electricity that are
even remotely likely to happen. The re-
source portfolio, including the ability to
acquire options on resources and bring
them into operation as demand for electric-
ity develops, is intended to achieve the
same reliability as the current system.

Because of the current surplus of firm
electric energy, the large amount of con-
servation resource potentially available to
the Northwest, and the extremely unlikely
possibility that the demand under the high

growth forecast will occur, the Council has
not felt the need in the first plan to investi-
gate taking risks (of empty reservoirs) with
the hydropower system beyond the risks
associated with current critical water plan-
ning. These issues will be investigated fur-
ther in the future.

All resource analyses for the Council port-
folio were based on critical water and re-
sources were balanced to meet loads
against that critical water standard, except
when firm surpluses are projected. Further
discussion of reliability and the hydropower
system is presented in Appendix B of this
volume.

Energy Analysis
Not Capacity Analysis

The hydropower system has an additional
important characteristic for resource anal-
ysis. Due to historical factors (such as
expectations about the future included in
the Hydro-Thermal Program in the 1970s),
the hydropower system currently has a
high ratio of installed peaking capacity to
firm electric energy capability. Water is fuel
for a hydropower system and the total
amount of fuel available to the system is
much more of alimitation on the amount of
demand that can be met than the size and
number of the generators (peaking capac-
ity). To meet a greater instantaneous de-
mand, more water can almost always be
run through the turbines, but the total
amount of water in the system is often
limited. As a result, the region will almost
always be short of energy resources before
it is short of peak capacity resources. For
this reason, the primary focus in resource
analysis for the Council's portfolio has
been adaptability to meet seasonal and
monthly energy demands rather than in-
stantaneous peak requirements of the
system.

Combustion Turbines

Combustion turbines, fired by natural gas
or oil, have unique characteristics that
could allow them several roles in the plan.
Currently, about 300 megawatts of com-
bustion turbine and combined cycle energy
are committed to regional firm demand by
utilities. An additional 500 megawatts are
potentially available from existing units as
energy reserves for the region.

The role of combustion turbines can be an-
alyzed with two questions in mind: (1) What
is the most economical level of combustion
turbines appropriate for system operation,
and (2) how can combustion turbines be
used in planning as a hedge against higher
than expected rates of growth occurring in
the region?

To answer the first question, one must con-
sider the unique characteristics of the
Northwest hydropower-based system and
the way other resources integrate with the
hydropower system. The cost-effectiveness
of individual resources can only be deter-
mined by considering how they integrate
with the entire system.

The earlier discussion of the hydropower
system noted that the flexibility of the sys-
tem allows approximately 1,000 megawatts
of additional demand (above the critical
period hydropower system capability) to
be met during the fall and winter months,
without risking empty reservoirs before the
spring runoff. This flexibility can be called
“provisional draft” of the reservoirs, because
it borrows water from the spring runoff
based on the expectation that the region
will be able to meet demands and refill the
reservoirs. If low runoff occurs, however,
the borrowed water is needed to meet
demands and has to be repaid by using
high-cost resources that had been kept in
reserve. These resources would have been
used in the fall if the provisional draft had
not taken place.

There are two major competing uses for
this provisional draft of system reservoirs:
the firstis to work together with low-capital
cost, high running cost resources such as
combustion turbines by backing them down
and saving the fuel cost. The second is to
directly meet part of the demand of the
DSis of Bonneville. The DSis currently
have one-quarter of their demand (“the top
quartile”) served by a combination of provi-
sional draft in the fall and non-firm energy
in the spring. The top quartile demand s, at
full operation, approximately 900 mega-
watts. This demand is excluded from the
firm demands for which firm resources can
be planned under the requirements of the
Act.
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Under current operating constraints, the
total amount of provisional draft is limited
to the 1,000 megawatts described above.
The constraints take two forms. The first is
risk to the power system of empty reser-
voirs prior to the first operating year's
spring runoff. The second is increased
probability of failure of the reservoirs to
refill. The reservoir owners and operators,
such as the Corps of Engineers and the
Bureau of Reclamation, have other obliga-
tions in operating their reservoirs such as
fish and wildlife, recreation, and irrigation
which can be impaired by failure to refill.

The Council has not examined either the
economic effects on the power system or
the non-power effects of relaxing current
constraints on provisional drafts. Further-
more, while preliminary analysis indicates
that approximately 1,000 megawatts of oil/
gas generation (including the 300 mega-
watts of existing combined cycle and com-
bustion turbines) may be cost-effective on
an operating basis (with 100 percent cer-
tainty of the demand in conjunction with
provisional drafts and non-firm energy), the
question of service to the top quartile of the
Direct Service Industries would remain.
Because of these problems, the Council
does not currently recommend including
combustion turbines in the plan to provide
electricity on a regular basis.

There is a clear distinction, however, be-
tween a resource that is justified when the
demand to be met is known with certainty
(cost-effective on an operating basis) and
one that is justified when the demand to be
met is highly uncertain or has a low proba-
bility of occurrence (cost-effective on a
planning basis).

In planning, one is faced not only with
water supply uncertainties but also with
uncertainties associated with future de-
mand for electricity. Combustion turbines
have short construction lead times (18
months) compared to coal plants (48
months). Thus, if a planning agency were
willing to plan for or hold options on com-
bustion turbines to meet uncertain, but
possible future demand growth, it could
wait longer to see whether demand mate-
rialized. If demand did grow rapidly, com-
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bustion turbines could be built to avoid
resource shortfalls over the 30 (48 minus
18) months additional time required to
bring a coal plant on-line. Once combus-
tion turbines were built to cover such an
emergency, they could become standby
resources—they could provide interim ser-
vice if the region experiences unusually
rapid demand growth. In this role the
region could use combustion turbinesona
regular basis to verify the need to begin
construction of new resources. If demand
for electricity did not materialize, nothing
would be built and the region would be
much better off than if generating facilities
had been built in anticipation of the demand.

Recent history emphasizes this point. If,
instead of proceeding to construction of
the WPPSS nuclear units the region had
instead acquired an option on coal or
nuclear plants and had planned to build
interim combustion turbines if demand
materialized, neither the nuclear units nor
the combustion turbines would have been
built and the region would have paid only
the cost of holding an option on the coal or
nuclear plant and the cost of an option on
the combustion turbines.

The Council estimates that the probability
that demand will exceed the Council’s
medium-high growth forecast in the late
1990’s is low, about one chance in five. The
Council also estimates an even smaller
probability, about one chance in fifty, that
demand will be within 1,000 megawatts of
the Council's high growth forecast. In this
circumstance, and given the short lead
times and relatively low commitment costs,
the Council has determined that combus-
tion turbines should be included in the plan
as a planning reserve for unexpected de-
mand growth. If that growth develops,
combustion turbines can be used as an
interim resource while additional thermal
generation is built to meet the demand.

Because the Power Plant and Industrial
Fuel Use Act generally prohibits use of oil
or natural gas in new power plants, the
Council will seek exemptions to use new
combustion turbines for meeting unantici-
pated demand growth until other resources
can be brought on-line. This use is consist-
ent with Federal law.

System Characteristics
and Planning

The unique characteristics of the North-
west hydropower system require particular
attention to integrating new resources with
the existing system. The cost-effectiveness
of any resource can only be determined by
the way it operates within the existing sys-
tem. For instance, the cost-effectiveness of
new hydropower projects is heavily influ-
enced by whether they are primarily fed by
rainfall or by snowpack. Small hydropower
projects are generally uncontrollable re-
sources, in the sense that their output can-
not readily be increased or decreased in
response to demand and cannot be stored
for later use when demand for electricity is
higher and resources are lower. The small
hydropower project, whose major output
comes in the spring at the time when the
system is most likely to have a large surplus
of low-cost non-firm electric power, is less
valuable than a resource with similar aver-
age energy whose main output comes ata
time when the system is more likely to be
able to meet firm demands with it.

In preparing this first regional electric
power plan, the Council developed and fol-
lowed a systematic process for evaluating
the cost-effectiveness of resource alterna-
tives. This process evaluated the ability of
each set of resources to adapt to uncertain
demand growth. This plan includes those
resources which could best provide for the
region’s electric energy needs at the lowest
possible cost over a range of future de-
mands. Figure 5-12 illustrates the funda-
mental steps in the Council’'s system analy-
sis. The process began with three primary
data collection and analysis activities.

First, the Council developed comprehen-
sive conservation supply data that made
consistent estimates of the maximum exist-
ing regional conservation potential as a
function of the cost of the individual con-
servation measures.

Resource supply data were developed at
the same time as conservation supply data.
The Council developed a very large re-
source information base to provide a con-
sistent basis for estimating the costs and
technical characteristics of each genera-
ting resource that would be available to the
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region. From this information base, similar
resources are ranked in order of their
expected cost. The Council developed a
third kind of information, the twenty-year
demand forecast of possible future electric
power needs within the region, adjusted to
eliminate potential double counting of con-
servation resources as described in chap-
ter 4. Recognizing the large number of pos-
sibilities with respect to future demand for
electricity, the Council departed from typi-
cal past efforts that focused on developing
a single most-likely demand forecast. In-
stead, the Council developed a range of
possibilities that varied from a forecast of
the most rapid growth that could be ex-
pected under very unlikely economic con-
ditions down to a low-growth forecast
which was also unlikely. The Council as-
signed probabilities of occurrence to the
resulting four final growth forecasts based
on the economic and demographic factors
underlying the four forecasts and the Coun-
cil's judgment.

Resource
Supply
Functions

Conservation
Supply
Functions

Load
Forecast

L |

4

Judgment
+
Strategic Planning Model

{

Resource Schedules
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System Analysis Model

Select Two-Year
Action Plan

{ 1 1

Option Resource Policies
Purchase Acquisitions
Figure 5-12.

System Analysis

As shown in figures 5-13 and 5-14, the
Council’'sjudgmentis that the high and low
forecasts are equally unlikely and it is even
less likely that actual demand will exceed
the high forecast or fall below the low fore-
cast. The medium-high and medium-low
forecasts, and all levels of demand between
them, are much more likely to occur. The

Demand Growth
(Megawatts)
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probability distribution is best approximated
with the straight lines shown in figure 5-14.
The probability of being between the low
and medium-low demand forecasts is about
33 percent, between the medium-iow and
the medium-high about 45 percent, and
between the medium-high and the high
about 22 percent.
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Figure 5-13.
Range of Growth Forecasts
(based on “frozen efficiencies,” see figure 4-17)
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The resource assessment involved three
specific steps. First, the Council screened
resource types based on their costs, operat-
ing characteristics, and potential availabil-
ity to the region. This preliminary analysis
eliminated certain resource types, such as
solar photovoltaic, geothermal, and wind
generation, because of inadequately devel-
oped technology or relatively high costs.
Research and development programs for
some of these resources are recommended
later in the plan. The second and third steps
of the analysis are more complex and used
computer models.

Earlier in this chapter, hydropower system
uncertainties were described. Major ther-
mal plants also demonstrate significant
uncertainties—especially plant availability
(the amount of time they can be operated,
excluding maintenance and forced out-
ages) and the dates when new plants start
producing power.

Because the Council must deal with uncer-
tainty in looking at future demand for elec-
tricity and electric energy resources, two
major computer models have been used.
Each model deals with particular aspects of
uncertainty in planning and operating the
system.

The strategic planning model is a linear
programming optimization model that ex-
amines all the possible sets of electric
energy resources over twenty years, over
all four possible demand for electricity
estimates, and over four representative
water conditions. The model selects from
those sets of resources the amount, timing,
and combination of electric resources that
will minimize the total cost of building and
operating the system to meet demand. The
strategic planning model is used to pick the
set of resources to be analyzed in greater
detail.

The model for detailed analysis of how new
resources integrate with the existing sys-
tem is called the system analysis model.
This model was prepared by a joint team
from Bonneville, PNUCC, and the Inter-
company Pool, with additional develop-
ment work by the Council. Thisis a detailed
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model that simulates the Northwest power
system. It simulates the operation of any
chosen set of resources. The system analy-
sis model explicitly treats the uncertainty in
new thermal plant arrival time, thermal
plant availability, hydropower availability,
and monthly and annual short-term de-
mand variations around a given demand for
electricity.

Inthe second stage of the analysis, conven-
tional resource supply curves and conser-
vation supply curves for the remaining re-
source types were combined with the
demand forecasts using the strategic plan-
ning model and the Council’s judgment to
produce several resource portfolios for fur-
ther analysis using the system analysis
model.

Beginning with the results from the stra-
tegic planning model, the Council evalu-
ated several portfolios of resources produc-
ing electricity. Among the alternatives
examined were several portfolios using less
conservation and small hydropwer than the
portfolio produced by the strategic plan-
ning model. These and other alternative
analyses confirmed the strategic planning
model’s selection of conservation as the
cheapest resource and yielded the set of
resources meeting the four demand fore-
casts at the lowest cost.

Figure 5-15 shows the final cost curve for
the resource portfolio described in the plan.
All system analysis studies were done at
the same level of reliability to ensure com-
patibility of costs. Figure 5-15 shows thatin
the low growth forecast, the total net pres-
entvalue of building and operating the sys-
tem would be about $8 billion. In the high
growth forecast, this cost would increase to
about $41 billion. These amounts include
the costs over the lifetimes of all plants in
the study, which could be as much as 50
years from now for plants put into service in
the year 2002. The net present value of
costs of these resources over just the next
twenty years ranges from $5 billion in the
low growth forecast to $20 billion in the
high growth forecast. The rate impact of
these costs was discussed earlier in chap-
ter 4.

In general the Council sought the mix of
resources that provided the lowest possible
cost curve as shown in figure 5-15. Consid-
erations other than cost were included in
the Council's selection of the “best” port-
folio. These considerations included risk,
unmeasurable environmental impacts, and
legal or regulatory constraints.

The Council’s judgment is that the costs of
this portfolio are as low as possible at all
four demand forecasts, taking into account
appropriate insurance against future uncer-
tainties. This plan provides the region with
the ability to meet a range of possible
growth rates for electricity while acquiring re-
sources that will provide that electricity at
the lowest cost.

Construction schedules for individual re-
sources in each resource portfolio were

Billions
of 1980
Doillars

60/‘

Low Medium Medium High
0.8 Low High 29
1.7 23

Load Growth Rate

Figure 5-15.
Resource Portfolio Cost Curve
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adjusted to balance against the four de-
mand forecasts. All portfolios were ana-
lyzed using the system analysis model. The
analysis yielded curves showing each port-
folio’s additional system costs (in total
present value over the life-cycle of all re-
sources in the study) under each of the four
demand states.

Figure 5-15 illustrates the expected pres-
ent-value costs of the Council’s portfolio if
a particular demand growth occurs. The
analysis also produces estimates of the
uncertainty that exists in this cost curve.
This uncertainty results from varying hydro-
power conditions, delays in thermal plant
construction, and thermal plant forced out-
ages. The Council developed a method of
combining these cost curves with the prob-
abilities of demand for growth of electricity
shown in figure 5-14. The details of this
method are presented in the Technical
Exhibits to this plan.

The results of combining the uncertainties
in the estimates of resource portfolio costs
with the uncertainties of the demand fore-
cast are shown in figure 5-16. In this figure,
the horizontal axis is present value of sys-
tem costs in billions of 1980 dollars. The
vertical axis plots the number of times a
particular system cost was observed out of
5,000 combinations of possible resource
portfolios and growth forecasts. The greater
the frequency, the more likely the region
would actually experience that level of cost.

Figure 5-16 shows that the Council's analy-
sis produced a range of cost outcomes
from a present value of $6 to $48 billion
additional system cost. The number that
occurs most frequently is about $13 billion
while the average is about $20 billion. If we
correctly plan for the low electric-demand
growth forecast and experience average or
better water conditions and thermal plant
output, the cost could be as low as $6 bil-
lion. If we correctly plan for the high
demand growth forecast but experience
low-water conditions and thermal plant
interruptions, the cost could be as high as
$48 billion. If we need to build for the high
growth forecast, it will largely be due to a
significantly greater number of people and
jobs in the region, so there will be more
people to pay the $48 billion than the $6
billion. Since the $48 billion investment
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Figure 5-16.
System Cost Probability Plot

would produce many more megawatts than
the $6 billion, the cost per kilowatt-hour
paid by the consumer would not increase
as dramatically as it might appear. An esti-
mate of the probable rate increases for all
four growth forecasts was discussed in
chapter 4.

The Council’s analysis throughout the de-
velopment of this first regional electric
power plan has been based on identifying
alternatives and evaluating the effects on
the total present value of system costs. The
concept of present value is a well-estab-
lished economic procedure to provide con-
sistent evaluations between investment
choices that require paying out money at
different times. Developing a regional elec-
tric power plan involves evaluating energy
investments made by the region over the
twenty-year period. (An explanation of the
economic analysis is provided in Appendix
F)

The Council's approach is to evaluate the
total present-value cost of various resource
alternatives. The aim is to find the set of

electricity-producing facilities which has
the lowest possible total system costs over
the useful lifetime of the facility. The Coun-
cil gave due consideration of environmen-
tal, fish and wildlife, risk, legal, and political
constraints that cannot be specified in dol-
lars or examined in quantitative models. In
this respect, the quantitative analysis re-
sults provided the basis from which the
Council exercised its judgment to select
the appropriate combination of resources
to meet the region’s future electric power
needs.

The following chapter of the plan will dis-
cuss the conservation, renewable, and con-
ventional resource elements of the Coun-
cil's portfolio. A two-year action plan for the
region fits the twenty-year plan into the
framework of the current energy supply
and demand situation and the need to
begin developing conservation programs
so that they can be available in case rapid
economic growth resumes in the region.
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“the plan shall [include]... due con-
sideration by the Council for ...
compatibility with the existing re-
gional power system”

Chapter 6
Existing Resources and
Resources Under Construction

This chapter describes the amount of firm
energy and peak capacity available from
existing Northwest resources, including the
hydropower system, under critical water
conditions. These resources are the base to
which the Council’s portfolio must be added
to meet.the total load as it develops.

The resources identified in this chapter are
assumed to be available to meet loads dur-
ing the next twenty years. The Council has
made no determination of the need for
Bonneville to acquire any of these re-
sources beyond WPPSS 1, 2, and 70 per-
cent of WPPSS 3, which are already part of
the federal system. The two-year action
plan discusses acquisition of existing
resources or resources under construction.

Facilities under construction and those
assumed to be completed on schedule
include three nuclear power plants, WPPSS
1, 2, and 3 in Washington, and three con-
ventional pulverized coal-fired steam-
electric units, Colstrip 3 and 4 in Montana,
and Valmy 2 near Winnemucca, Nevada
(121 megawatts of Valmy's capacity will be
available to the region). WPPSS 1 was
assumed to be complete in 1988 in the high
and medium-high growth forecasts and in
1991 in the medium-low and low growth
forecasts.

Figure 6-1 shows the amount of electric
power that should be available over the
twenty-year planning period from existing
resources and resources now under con-
struction. Existing conservation is not
shown as a resource in figure 6-1. In fore-
casting loads, the Council included esti-
mates of existing conservation savings
through 1982. After 1982, all additional
conservation is treated as a new resource
to assure consistent cost-effectiveness com-
parisons with new generating resources.
The data on existing residential conserva-
tion is based ona 1979 Bonneville survey of
conservation measures in existing houses
and buildings in the region. The Council’s
residential energy forecasting model and
data from more recent utility billing were
used to estimate conservation that has
taken place between the 1979 survey and
1983. The Council's commercial energy
forecasting model and a variety of surveys
were used to estimate commercial sector
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conservation levels. Industrial and agricul-
tural conservation were based on Council
studies and interviews with industrial
customers.

Figure 6-2 shows the result of subtracting
the Council's four demand forecasts from
the energy capability of these resources to
obtain projections of the surpluses and
deficits that would occur under each fore-
cast. The loads used here have not been
adjusted for new program or model con-
servation standard savings. In 2002, the
potential range of new resource require-
ments is from 250 average megawatts in the
low forecast to 10,700 average megawatts
in the high forecast. The first deficit occurs
in 1988 in the high forecast, but not until
2002 under the low forecast. Figure 6-3
represents figure 6-2 adjusted for the new
resource additions (including conserva-
tion) in the Council’s resource portfolio. It
gives an indication of the region’s load/
resource balance as resource additions are
made over the twenty-year period. The
numerical data supporting figures 6-1, 6-2,
and 6-3 are contained in table 6-1.

The Council has relied on information
developed by PNUCC for existing re-
sources and resources under construction
as listed in the PNUCC “Blue Book” (see
Glossary). However, the Council used dif-
ferent assumptions about equivalent avail-
ability of coal and nuclear plants. The
Council has assumed that all nuclear plants
have an equivalent availability of 65 per-
cent. Coal plants that are smaller than 530
megawatts have an equivalent availability
of 72 percent, and coal plants that are larger
than 530 megawatts have an equivalent
availability of 70 percent.

6-2
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Table 6-1.

Summary of Firm Loads and Resources

SURPLUS/DEFICIT (+/-) (Average MW)
. Fuz'mz s FIRM ENERGY LOADS (Average MW)3 BEFORE NEW ADDITIONS AFTER NEW ADDITIONS
YEAR! fi\?e S%E) HIGH MEDHI MEDLOW LOW HIGH MEDHI MEDLOW LOW HIGH MEDHI MEDLOW LOW
1083 17887 16685 16430 16245 16055 1202 1457 1642 1832 1206 1461 1646 1836
1984 18337 17395 16832 16498 16016 942 1505 1839 2321 1021 1581 1913 2394
1985 18777 18189 17344 16866 16052 588 1433 1911 2725 761 1598 2072 2881
1986 19013 18855 17817 17223 16122 158 1196 1790 2891 451 1474 2060 3150
1987 19724 19490 18313 17631 16296 234 1411 2093 3428 671 1819 2485 3797
1988 19580 20041 18738 17996 16431 -461 842 1356 2921 120 1379 1869 3386
1989 20356 20514 19108 18324 16544 -158 1248 1269 3049 588 1929 1881 3530
1990 20327 21049 19547 18697 16714 -722 780 928 2911 319 1606 1621 3408
1991 20372 21661 20047 19059 16874 -1289 325 772 2057 189 1311 1547 3471
1992 20350 22342 20589 19417 17021 -1992 -239 883 3279 153 935 1746 3811
1993 20248 23064 21149 19812 17198 -2816 -901 325 2939 162 532 1276 3489
1994 19818 23799 21715 20247 17409 -3981  -1897 -474 2364 -37 51 574 2931
1995 19778 24545 22291 20710 17652 -4767  -2513 -932 2126 106 86 279 2711
1996 19707 25360 22932 21194 17947 -5653  -3225  -1487 1760 110 70 23 2369
1997 19618 26172 23572 21618 18231 -6554 -3954 -2000 1387 -32 86 -18 2027
1998 18555 26975 24216 22023 18533 -7420 -4661 -2468 1022 -62 168 30 1693
1999 19517 27762 24841 22427 18826 -8245 5324  -2910 691 <13 162 76 1392
2000 19513 28568 254686 22872 19124 -9055 -5953 -3359 389 52 -29 98 1121
2001 19487 29425 26119 23348 19436 -9938  -6632  -3861 51 58 233 62 806
2002 19465 30183 26679 23758 19708 -10718  -7214  -4293 -243 181 111 11 529

1. Years are expressed on a September-August operating year basis (e.g. 1983 represents September 1982-August 1983)

2. Firm resources include existing resources and those currently under construction plus regional imports.

These loads have been adjusted for transmission and distribution losses but have not been adjusted for new conservation savings. They do not include
the loads of the SDI top quartile but do include firm regional exports. The compound growth rates described in Chapter 4 were based on 1981 loads,
and growth rates calculated from the above Ioads will not be comparable.

Existing Resources
Hydropower

Existing hydropower resources represent
28,083 megawatts of capacity and 12,350
megawatts of energy. This includes power
from all the existing hydropower dams in
the region (except those of Montana Power
Company and Utah Power and Light) in-
cluding generation in the United States
resulting from storage regulation of three
Canadian reservoirs—Duncan, Arrow, and
Mica-—in accordance with the Pacific North-
west Coordination Agreement. Montana
Power Company and Utah Power and
Light generation are included as importsto
the region in figure 6-1. The energy produc-
tion from existing hydropower facilities has
been adjusted to consider irrigation require-
ments at Grand Coulee Dam.

Hydropower resources have also been ad-
justed to take into consideration the effects
of the Council’s fish and wildlife program.
The Northwest Power Act required the
Council to develop a Columbia River Basin
Fish and Wildlife Program to protect, mit-
igate, and enhance fish and wildlife on the
Columbia River and its tributaries. An im-
portant element of the fish and wildlife pro-
gram is a Water Budget to improve stream-
flows for downstream migration of saimon
and steelhead. The Water Budget is ex-
pected to reduce the firm electric energy
load carrying capability of the region’s
power system by approximately 450 mega-
watts. This projected loss is based on
recent studies by Bonneville and is less
than originally estimated by the Council in
the fish and wildlife program as adopted
November 15, 1982. The Council will exam-
ine this and similar recent studies in more
detail in its review of the Water Budget
implementation prior to the first amend-
ment of the program.

Renewable and High-Efficiency
Resources

Existing cogeneration (where a facility pro-
viding heat for industrial use can also be
used to generate electricity) totals 130
average megawatts of firm energy and
includes Eugene Water and Electric Board'’s
Weyerhaeuser Energy Center, Washington
Water Power's Vaagen Brothers Lumber,
Puget Sound Power and Lights Boeing
Number 1, Seattle City Light's Metro
West Point Project, and Bonneville's Weyer-
haeuser and Longview Fiber purchase.
Firm cogeneration from existing resources
is expected to drop to 49 average mega-
watts in the 1983-84 operating year (see
PNUCC “Blue Book").
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Existing renewable resources include 3
average megawatts from Bonneville’'s
Goodnoe Hills Wind Turbines research and
development project. Washington Water
Power's Kettle Falls project and Idaho
Power's Tamarck project are expected to
increase the contribution of renewables to
38 average megawatts by the 1984-85 oper-
ating year.

Large Thermal Resources

Existing thermal resources represent 3,193
megawatts of energy and 4,019 megawatts
of peaking capacity in the Pacific North-
west. A detailed listing of plants included in
this category can be found in table 6-2.
Additional thermal units, or portions of
thermal units serving regional loads but
owned by companies with both in-region
and out-of-region loads, are included in the
section, Imports to the Region, in this
chapter.

The Council has assumed that generation
of electricity from the Hanford N reactor
will continue through July of 1993 as speci-
fied in a recently negotiated contract be-
tween the U.S. Department of Energy and
the Washington Public Power Supply Sys-
tem. However, this contract is subject to
cancellation with one year's notice, and the
Council will continue to monitor the status
and performance of this resource.

Gas and Oil-Fired Resources

These resources have atotal peak capacity
of 1,444 megawatts. These plants, with the
exception of Portland General Electric's
Beaver Plant, are not designed to serve firm
base loads in the region. Combustion tur-
bines include Pacific Power and Light's
Libby Unit; Portland General Electric’s
Bethel Unit; Puget Sound Power and Light’s
Whidbey Island, Whitehorn, and Frederick-
son Units; Washington Water Power’s
Othello and Northeast Units; and Idaho
Power's Wood River Unit. Also included in
this category are old existing steam plants,
small diesel generators, and miscellaneous
small purchases. These resources are listed
in table 6-3.

6-4

Table 6-2.
Existing Resources (Coal and Nuclear)
SUSTAINED AVERAGE
IN-SERVICE CAPACITY2D ENERGYD9
PROJECT UNIT DATE (MW) (Average MW)
Boardman 1 1980 530 382
Centralia 1 1971 638 447
2 1972 638 447
Coal Colstrip® 1 1975 166 120
Units 2 1976 166 120
Jim Bridgerf 1 1974 170 122
2 1975 170 122
3 1976 170 122
4 1979 170 122
Valmy 1 1981 121 87
Hanford
Generating
Nuclear Project 1966 0 400°
Units Trojan 1976 1,080 702¢
TOTAL 4,019 3,193

8Net sustained capacity, available to the region PNUCC (1982a), PNUCC (1982b).

Pavailable to region.

CDrops to 400 in the 1983-84 operating year, removed from resource base in 1993. The contract for
this resource is subject to cancellation on one-year notice.

9Based on Council's assumption of 65% equivalent availability.

€The plant consists of two 330 MW units, each of which can produce 247 MW of energy. The amounts
not shown in this table meet Montana Power Company loads both inside the region, in Western

Montana, and outside, in Eastern Montana.

The plant consists of four 500 MW units, each of which can produce 350 MW of energy. The amounts
not shown in this table meet PP&L loads both inside the region and in Wyoming, outside the region.

9An equivalent availability of 72% is assumed for all coal units of 530 MW capacity or less. For those
larger than 530 MW capacity, an equivalent availability of 70% is assumed.

Imports to the Region

Regional resources include arrangements
for importing both firm energy and peaking
capacity from systems outside the region.
These arrangements largely involve intra-
company transfers by utilities that serve
both regional loads and loads in portions of
Montana, Utah, and Wyoming that are out-
side theregion, and are primarily coal-fired
generation in Montana and Wyoming. In-

cluded as imports to the region are portions
of thermal resources that are outside of the
region’s boundaries, but are intended by
the utilities to serve regional loads. Inclu-
sion of these resources as “imports” should
notbeinterpreted to mean that the Council
believes these resources are cost-effective
or available for acquisition.

Additional resources include capacity and
energy exchanges with California utilities.



Chapter 6

Existing Reserves (Oil and Natural Gas)

Tabie 6-3.

SUSTAINED AVERAGE

IN-SERVICE  CAPACITY ENERGY
PROJECT TECHNOLOGY? DATE (MW) (Average MW)

Beaver Combined Cycle 1977 534.0 301.0

Boundary Combustion Turbine 1976 0.75 Reserve Unit

Libby Combustion Turbine 1972 20.0 Reserve Unit
Othelio Combustion Turbine 1973 328 4.0
Whidbey Combustion Turbine 1972 290 07
OIL Point Whitehorn 1 Combustion Turbine 1974 68.0 7.0
FIRED Bonners Ferry \

1and 2 Diesel 1930 22 Reserve Unit
Crystal Mountain  Diesel 1969 28 0.1
Summit 1 and 2 Diesel 1970 6.0 10

Lake Union Steam Electric 1921 26.0 Reserve Unit
Shuffleton Steam Electric 1930 86.0 0
Bethel 1 Combustion Turbine 1973 58.0 6.0
Bethel 2 Combustion Turbine 1973 58.0 6.0
NATURAL | Frederickson 1 Combustion Turbine 1981 89.0 9.0
GAS Frederickson 2 Combustion Turbine 1981 89.0 9.0
FIRED | Northeast Combustion Turbine 1978 68.0 70
Whitehorn 2 Combustion Turbine 1981 89.0 9.0
Whitehorn 3 Combustion Turbine 1981 89.0 9.0
Wood River Combustion Turbine 1974 _50.0 _10
TOTAL 1,406.0 369.8

8CC — Combined Cycle; CT — Combustion Turbine, D — Diesel: S — Steam Electric.

Table 6-4.
Thermal Resources Which Are Under Construction and Assumed to be Completed
SCHEDULED SUSTAINED? AVERAGE?
IN-SERVICE CAPACITY ENERGY
PROJECT DATE (MW) (Average MW)
Coalistrip #3b Jan. 1984 490 343
COAL #4b Jul. 1985 490 343
Valmy  #2 Sep. 1985 121 87
WPPSS  #1 1988/1991°¢ 1,250 813
NUCLEAR #2 Feb. 1984 1,100 715
#3 Dec. 1986 1,240 806
NATURAL Fredonia #1 1983 104 10
GAS #2 1983 104 10
TOTAL 4,899 3.127

@Available to serve regional loads.

bThe total plant consists of two 700-megawatt units capable of producing 980 megawatts of energy.
The 30% share not shown on this table is owned by Montana Power Company and is assumed to

serve loads both in the region, in Western Montana, and outside, in Eastern Montana.

Cin the high and medium-high growth forecasts, WPPSS 1 comes on-line in 1988. In the low and

medium-low growth forecasts, WPPSS 1 comes on-line in 1991,

Resources Under
Construction

New Hydropower Resources

Figure 6-1 includes new hydropower pro-
jects in cases where construction is assured
(PNUCC “Blue Book”). All federal projects
included are authorized projects which are
under construction or have been funded for
construction or preconstruction planning.
Non-federal hydropower projects include
expansion at Seattle City Light's High Ross
Dam, or its equivalent. Other new projects
that are not included in figure 6-1 are
included in the hydropower assessment of
chapter 8.

Thermal Resources Under
Construction

Thermal resources under construction rep-
resent 3,127 average megawatts to serve
regional loads. This category includes
Washington Public Power Supply System
Plants 1, 2, and 3; [daho Power Company’s
Valmy 2; Colstrip 3and 4 operated by Mon-
tana Power Company; and Fredonia Units
1 and 2 owned by Puget Sound Power and
Light. Characteristics of these plants are
listed in table 6-4. Resources not included
in this category and therefore not repre-
sented in figure 6-1include WPPSS4and 5
and Skagit/Hanford Plants 1 and 2.
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“the plan shall include ... an energy
conservation program”

Chapter 7
Conservation

The key element in the Council's resource
portfolio for meeting future energy needs is
conservation. This chapter first describes
present electric consumption for the re-
gion's residential, commercial, industrial,
and irrigated agricultural sectors. it then
assesses potential conservation savings for
each sector and identifies how much con-
servation from that sector is included in the
Council’s resource portfolio.

Conservation involves more efficient use of
electricity. This means (a) ensuring that
new houses and commercial and industrial
facilities are more energy-efficient; (b) in-
stalling more efficient water heaters and
appliances; and (c) finding more efficient
ways to manufacture products, to perform
industrial processes, or to move irrigation
water into the fields.

Conservation also involves steps to make
existing houses and buildings more energy-
efficient by adding insulation in walls and
ceilings, installing water heater blankets,
and adding other cost-effective conserva-
tion measures.

If we could ignore cost, there is technology
available to reduce our needs for electric-
ity dramatically. The Council considered
any conservation measure as technically
achievable if it could improve the efficiency
of electric use at a cost of 10 cents (or less)
per kilowatt-hour. The Council’s assess-
ment of the portion of this technically
achievable conservation that can be deve-
loped cost-effectively took into account
four important factors.

First, the Act grants conservation a 10 per-
cent cost advantage over other resources.
This means that a conservation measure
can cost 10 percent more than the next
lowest-cost resource and still be cost-
effective under the Act.

Second, conservation measures also re-
duce the need for additional transmission
lines and other distribution facilities. From
the regional perspective, when a conserva-
tion action reduces the need for these facili-
ties, it reduces the associated facilities'
costs by approximately 2.5 percent.

Third, conservation avoids the “line losses”
that occur when electricity is transmitted
over long distances. About 7.5 percent of
the electricity generated at a power plant is
“lost” in transmission to its ultimate point of
use. Subsequently, any comparison be-
tween a generating resource and conserva-
tion must adjust for this fact. Therefore, for
purposes of its cost-effectiveness analysis,
the Council reduced conservation’s cost by
7.5 percent. The combined effect of adjust-
ments for the cost advantage provided by
the Act, and transmission cost and line loss
savings, is to reduce conservation’s cost by
20 percent.

Finally, to assess accurately the amount of
cost-effective conservation available, the
administrative cost of programs needed to
secure conservation must be included. The
Council reviewed current utility conserva-
tion programs and those operated by other
agencies. This review indicated that con-
servation program administrative costs are
in the range of 15 to 25 percent of the direct
cost of measures for fully operational pro-
grams. The Council, in its cost-effectiveness
evaluations of conservation, has assumed a
20 percent administrative cost.

The Council has established its cost-effec-
tiveness limit at a levelized cost of 4 cents
per kilowatt-hour in 1980 dollars. Conser-
vation measures which have an installed
cost in excess of this amount are less eco-
nomically attractive than other new re-
sources the region could acquire. This limit
was established by comparing the levelized
cost of conservation measures with the
levelized cost of other, similarly available
and reliable resources.

In the Council’s high growth forecast, it
currently appears that the last resource to
be acquired will be a coal plant with a level-
ized cost slightly above 4 cents per kilo-
watt-hour. Conservation measures which
could displace this coal plant would be
considered cost-effective if they were com-
patible with the existing power system. To
assess this, the Council used its strategic
planning mode! and the systems analysis
model. Finally, in judging whether conser-
vation was cost-effective, the Council con-
sidered its ability to limit the region’s expo-
sure to higher risk thermal resources which
have fong lead times and require large capi-
tal investments.

Although the amount of conservation avail-
able at 4.0 cents per kilowatt-hour is eco-
nomically achievable, not all of these sav-
ings can be realized. Changesin consumer
behavior and consumer resistance, quality
control, and unforeseen technical prob-
lems will prevent the region from develop-
ing 100 percent of this potential. However,
the Council has decided that, using the
wide assortment of incentives and regula-
tory measures the Act makes available, the
region’s electric consumers could be per-
suaded to install a large percentage of the
economically achievable conservation. The
amount of conservation included in the
plan and referred to in the following discus-
sions is the net savings the Council antici-
pates after taking into account all of these
factors. The proportion considered realiza-
ble under the plan varies from 36 percent
for residential appliances to nearly 100 per-
centfor the industrial and irrigation sectors.
in aggregate, the Council’s plan, under the
high growth forecast, calls for the devel-
opment of approximately 75 percent of the
conservation that can be achievable at a
cost equal to or less than 4.0 cents per
kilowatt-hour.

The amount of technically and economi-
cally achievable conservation is directly
related to the amount of energy used. This
section describes the amount of electricity
presently used in each sector, the amount
that would be used if there were no conser-
vation programs, and the savings made
possible by the plan. A technical discussion
of the Council's conservation assessment
appears in Appendix K (Volume [, availa-
ble on request).

The conservation savings identified in this
chapter are higher than other projections
made in the region. A major reason is that
the analysis assumes the Council’s high
growth forecast which is based on record
economic growth in the region. If one of the
Council’s lower growth forecasts should
occur, fewer new buildings and new factor-
ies would be built. Less total energy would
be needed, and consequently less conser-
vation could be saved.

7-1
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Any direct comparison of the Council's
conservation assessment with those made
by other organizations should take two
other factors into account. The supply data
used in the plan include all conservation
without distinguishing between conserva-
tion put into place as a result of specific
programs and conservation measures moti-
vated by rising prices of electricity. These
estimates are also based on the high pene-
tration rates the Council’s plan assumes for
each conservation program.

The figures shown do not include any
adjustment for line losses. All costs shown
are for the direct cost of the measures and
do not include program cost, transmission
cost savings, or quantifiable environmental
costs and benefits.

Residential Sector
Current Use of Electricity

In 1981, the region’s residential sector con-
sumed an estimated 5,323 average mega-
watts of electricity. This represented ap-
proximately 34 percent of the region’s total
consumption. The two largest residential
uses of electricity are space and water heat-
ing. Space heat consumption in 1981 was
1,650 average megawatts or 31 percent of
the residential use. Electricity used for
water heating represented an estimated 26
percent of the residential use, or 1,380
average megawatts. The remaining 2,300
average megawatts (43 percent) were con-
sumed by lights and other appliances.

Potential and Planned
Conservation

Council studies indicate significant cost-
effective conservation potential in the resi-
dential sector. Under the Council’s low and
medium-low growth forecasts, residential
needs in the year 2002 could be accommo-
dated without using more electricity than in
1981. Even the record population and econ-
omic growth rates envisioned by the Coun-
cil's high growth forecast could double the
number of residential customers yet require
only one-third more electricity than in 1981.

Three-quarters of the currently identified
residential conservation potential is avail-
able through more efficient space heating
and water heating. The remainder would
come from improvements in efficiency of
major household appliances, such as refrig-
erators and freezers, and in lighting. The
conservation potential for each of these
uses of electricity is discussed in the follow-
ing paragraphs.

Figure 7-1 shows estimated space heating
savings available in existing residences ata
cost between 1 and 10 cents per kilowatt-
hour. These savings can be achieved
through improving the insulation levels,
adding storm windows, and reducing the
air leakage in existing houses. Of the 770
megawatts of technically achievable space
heating conservation shown in figure 7-1,
the Council's plan calls for developing 520
megawatts at an average cost of 1.5 cents
per kilowatt-hour by the year 2002. This
assumes a 33 percent reduction in energy
used for space heating.

Average
Megawatts

800

The Act directs the Council to establish
model conservation standards for new
buildings. These standards must secure all
the power savings that are cost-effective for
the region. In addition, they must be eco-
nomically feasible for consumers. Subse-
quently, in the development of its model
standards for new residential buildings, the
Council took into consideration such fac-
tors as mortgage rates, increases in the
initial cost of a house to pay for conserva-
tion measures, the present and future cost
of electricity, and other consumer invest-
ment opportunities. To ensure that its as-
sessment of economic feasibility was con-
servative, the Council deliberately excluded
from its analysis the tax deductions a
homeowner is permitted for interest paid
on home mortgages. The Council also did
not include in its calculations the fact that
houses built to its model standard will
require much smaller and, less expensive
heating systems. If both of these factors
were included, they would significantly
reduce the cost of attaining the Council’s
standard.

Technical

770 MW @
106/KWh

600 -

200

1 2 3 4 5 6

*1980 Dollars

815 MW @
4C/KWh

in the Plan
520 MW @

Average

7 8 9 10
Conservation Cost (Cents/kWh)"

Potential not realized due to incomplete market penetration

Figure 7-1.
Residential Space Heating (Existing Houses)
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Asisshown infigure 7-2, aconsumer living
in a house built to the Council's model
standard would use 60 percent less electric-
ity for space heating than in a house built to
current codes. Although a house built to
the Council's model standard will have a
slightly higherinitial cost, over the life of the
house the consumer will be economically
better off than if living in a house built to
current codes. If tax deductions for interest
on the added cost of the mortgages and
cost savings from smaller heating systems
are considered, a consumer’s first year
combined payment for space heating and
mortgage payments will be less than if they
purchased a house built to current codes.
Figure 7-3 depicts the effects of interest
deductions and heating system cost sav-
ings for a house built in Seattle or Portland.

NOTE: For houses built to current code. the
annual cost shown is the consumer's electric bill
for space heating. For houses built to the Coun-
cil's standard, the annual cost shown is the con-
sumer’s electric bill for space heating, plus the
increased mortgage payment needed to pay for
the additional conservation measures installed in
the house. in ciimate zones 2 and 3 a home-
owner's combined payment (electricity plus
mortgage) is less than his energy cost even
before taxes and heating system cost savings are
considered.

kWh
3000

JUuL AUG SEP OCT NOV DEC JAN FEB MAR APR MAY JUN

-mes Average use/month for typical house = 12,000 kWh/yr
«amse New home built to current standards approximate use = 7,500 kWh/yr
«=m» Energy efficient new home approximate use = 3,000 kWh/yr

- Average monthly use for water heating

Figure 7-2.
Average Monthly Space Heating Use

Annual Cost
For Heating
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900
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Year of Mortgage

Annual space heating bill for house built to current code.

Annual space heating bill, plus added mortgage cost for house built to model standard,
before tax deductions and heating system size reduction.

= Annual space heating bill, plus added mortgage cost for house built to model standard after
tax deduction and heating system size reduction.

Figure 7-3.
Annual Space Heating Cost for Houses Built to Current Code and Model Standard,
Climate Zone 1 (example: Portland/Seattle)
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The Council’s plan calls for implementing

these model conservation standards by M‘Z\g\:g?ts o
January 1, 1986. Figure 7-4 shows the |, gg‘t’:r:‘t'i:?'
space heating conservation potential in : : 1290 MW @
new residences under the Council’s high : ~ G ! 106¢/kWh

growth forecast. As is shown in this figure,
these model standards could save 880
megawatts by the year 2002. The average
cost of these savings is less than 2.0 cents
per kilowatt-hour.

1200

1000

800

200

1 2 3 4 5 6 7 8 9 10
Conservation Cost (Cents/kWh)~

*1980 Dollars

Potential not realized due to incomplete market penetration

Figure 7-4.
Residential Space Heating (New Houses)
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Water heating represents the second largest
single residential use. Figure 7-5 shows the
potential for improving the efficiency of
residential water heating at a cost between
1 and 10 cents per kilowatt-hour. These
savings represent better-insulated water
heaters, pipe wraps, and lower water tem-
perature. Also included in the savings esti-
mates are water heaters that use a heat
pump or solar energy to heat water rather
than electric resistance elements. These
devices are commercially available from
major distributors throughout the region.
However, because they are relatively expen-
sive, heat pump and solar water heaters are
most economical for households with
above-average water use. Therefore, the
cost-effectiveness of the savings from heat
pumps and solar water heaters depends on
the number of people in a household.

In addition, the economic attractiveness of
solar water heaters for consumers is de-
pendent upon the amount of sunshine in a
particular area, and state and federal tax
credits.

The Council's high growth resource port-
folio includes 510 megawatts of water heat-
ing conservation. The average cost of im-
proving the efficiency of tanks, pipe wraps,
etc., is less than 2 cents per kilowatt-hour.
Heat pump water heater savings are expect-
ed to cost 3 cents per kilowatt-hour. Solar
water heater savings are expected to be
acquired at prices equivalent to the cost of
heat pump water heater savings.

Average
Megawatts

1600

1400

1200

Technical
Potential

1520 MW
106/kWh .

1000

400

200

1 2 3 4 5 6 7 8 9 10
Conservation Cost (Cents/kWh)*

*1980 Dollars

Potential not realized due to incomplete market penetration

Figure 7-5.
Residential Water Heating

1115 MW
4¢/xWh o
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Nearly one-half of residential electricity is

consumed by an assortment of appliances. Hefiigarators —

Refrigerators and freezers, cooking, and

lighting make up approximately one-half of Freezers —

the electricity used by these appliances. Cooking —

Figure 7-6 compares the average amount Single Family/ _

of electricity used per household in the Mobile Home

region by these appliances with the annual Multifamily —

use of electricity of the most efficient mod-

els currently on the market. Under the Lighting _

Council’s high growth forecast, the conser- P S——

vation potential from these more efficient  “wasnira.oyers, T
appliances is 995 megawatts, or about 10 Dishwashers, i

percent of the total electricity used by appli- W:}f;%erg;vs)v 0 300 800 000 1200 1500 1800 2106 2400 2700 800G 3300 B600

ances. The Council’s plan calls for develop-
ing approximately 36 percent of this
potential (355 megawatts) by the year 2002.

Kilowatt Hours/Year

. Average Use of Existing Appliances
. Average Use of Most Efficient New Appliances

The Council assessed the potential impact
that adoption of the State of California’s
Appliance Standards would have on im-
proving residential appliance efficiency.
The California standards were compared to

Figure 7-6.
Appliance Energy Use and Savings

estimated average efficiencies of appli- Sgi::;_Hsating
ances now sold in the region. It appears StrucIPL?res
that the current California Standards, New
adopted in 1979, are being met by the vast Structures

majority of appliances now marketed in the Water Heaters
Pacific Northwest. The Council plan calls

for the impiementation of incentive pro- Refrigerators
grams which promote consumer purchases
of highly energy-efficient appliances. Dur-
ing the next two years, the Council will Cooking
assess the impact of these incentive pro-

grams as well as the desirability of adopting Lighting
more stringent appliance standards.

Freezers

Other
Figure 7-7 summarizes the savings antici- .
pated under the plan for different residen- 0 300 600 900 1200 1500 1800 2100 2400 2700 3000
tial uses of electricity under the Council's Megawatts
high growth forecast. Space heating use in B Load in 2002 with Current Efficiencies
existing houses would be one-third more B Load in 2002 with Plan’s Conservation
efficient than at present. New houses would
use nearly 60 percent less for space heating Figure 7-7.
than houses built to current standards. Residential Sector - Planned Conservation

Water heating demands would be reduced
by over 21 percent. Refrigerators, freezers,
and other appliances would consume 7
percent less than projected at their current
efficiencies. Together, these savings are
projected to bring about a 21 percent
reduction in residential electric needs com-
pared to residential requirements in the
year 2002 without further efficiency im-
provements. The average cost of these sav-
ings is less than 2 cents per kilowatt-hour.

7-6
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Commercial Sector
Current Use of Electricity

The commercial sector consumed approx-
imately 18 percent of the region’s total firm
energy sales in 1981, or an estimated 2,713
average megawatts. The commercial sec-
tor's energy consumption is split between
space heating (13 percent), cooling (23
percent), lighting (43 percent), and other
(21 percent).

Potential and Planned
Conservation

The commercial sector is composed of
diverse customers, ranging from individual
phone booth lights to entire office towers.
This diversity, along with the absence of
data, prohibits a detailed analysis of com-
mercial conservation potential by type of
use of electricity that was presented for the
residential sector. Consequently, the Coun-
cil's studies of the conservation potential in
commercial buildings focused on engineer-
ing assessments and available survey data
regarding commercial energy savings. This
review indicated that a 30 to 40 percent
reduction in electric energy use can be
achieved. Moreover, 90 to 95 percent of this
conservation can be obtained at a cost
below 3 cents per kilowatt-hour.

Figure 7-8 shows the technical and eco-
nomic conservation potential in existing
commercial buildings available for between
1and 10 cents per kilowatt-hour. Under the
Council’s high growth forecast this repre-
sents a total conservation potential of 800
megawatts for 4 cents or less per kilowatt-
hour.

Average
Megawatts
1000

Technical
Potential
880 MW @
10¢/kWh

Conservation Cost (Cents/kWh)™

Potential not realized due to incomplete market penetration

Commercial Sector Conservation Potential (Existing Buildings)
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New commercial buildings are being con-
structed to use energy more efficiently.
Figure 7-9 compares the regional average
annual energy use by building category for
existing and new all-electric commercial
buildings. For new buildings, this figure
shows energy use for existing standard
practice as well as under the most energy-
conserving commercial building code cur-
rently in effect in the region. Figure 7-10
shows that regionwide adoption of this
energy code could produce 685 megawatts
of savings under the Council's high growth
forecast at a cost below 4 cents per kilo-
watt-hour, assuming that all new commer-
cial buildings complied with the code.

7-8
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Figure 7-9.
Average Annual Energy Use by All-Electric Commercial Buildings
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Technical Potential

with Energy
Average Efficiency
Megawatts Standard
800 705 MW @
o 3 10¢/kWh
600 4
. Economic
_Potential
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4¢/KWh
e Conservation
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in the Plan
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200
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Potential not realized due to incomplete market penetration
Figure 7-10.
Commercial Sector Conservation Potential (New Buildings)
Table 7-1.
Energy-Efficient Commercial Buildings
ANNUAL ENERGY USE
BUILDING SIZE Btu/sq ft kWh/sq ft
NOAA Administrative Building* 84,000 28,000 82
Seattle, Washington
Willow Creek Building 284,000 38,234 1.2
ldaho Falls, Idaho
Western Life Insurance/ 350,000 46,585 13.7
Massachusetts
Woodbury, Minnesota
Gulf Oil Square 1.3 million 34,130 10.0
Ontario, Canada
Shell Wood Creek 828,000 32,000 94
Harris County, Texas
Hooker Chemical Company 2,000,000 33,000 97
Niagara Falls, New York
Average Use 33,993 9.97

*Annual energy use for the NOAA building is based on the building's projected operating schedule
and use. Actual use has been significantly higher due to substantially longer hours of operation and
the installation of a major computer center in the building. The energy use shown for all other
buildings is based on actual consumption records.

The Council’s plan calls for developing
1,135 megawatts of the conservation poten-
tial in new and existing commercial build-
ings by the year 2002. An aggressive pro-
gram to upgrade existing commercial build-
ings is projected to produce 720 megawatts
of these savings for 1.6 cents or less per
kilowatt-hour. The Council's proposed
model standard for new non-residential
buildings requires that 90 percent of the
new commercial buildings in the region
achieve efficiency levels equivalent to those
now required by the region’s strictest
energy code. Under the Council’s high
growth forecast, this standard would save
615 megawatts.

The projected annual energy use for a
sample of energy-efficient commercial
buildings which represent the most effi-
cient design practices now commercially
available is shown in table 7-1. The pro-
jected average annual energy use of these
buildings is 45 percent below buildings
constructed to the strictest energy code
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now in effect in the region as shown in table
7-2. The Council anticipates that an incen-
tive program to encourage widespread use
of these more efficient commercial building
design practices could achieve another 515
megawatts of savings for less than 4 cents
per kilowatt-hour. However, the Council
has not counted on any savings above the
amount available from the proposed model
standard in its resource portfolio. The Coun-
cil has called for a demonstration program
to investigate the potential for additional
savings and will modify future plans based
on the cost, commercial availability, and
energy savings of new techniques. As a
result, the 515 megawatts do not appear in
the Council’s resource portfolio.

Table 7-3 summarizes commercial conser-
vation potential for the Council's high
growth forecast. Planned conservation
would reduce projected commercial use of
electricity in the year 2002 by approxi-
mately 20 percent. The average cost of
these savings is less than 2 cents per
kilowatt-hour.

Table 7-2.
Projected Annual Energy Consumption of Major Comrmercial Buildings*
Constructed in Downtown Seattle between 1979 - 1983

TOTAL PROJECTED ANNUAL CONSUMPTION**
BUILDING FLOOR AREA kWh/sq ft/hr kWh/yr

Daon Building 261,636 24.0 6,286,010
1111 Third Avenue 560,250 16.1 9,028,348
One Union Square 795,629 16.1 12,821,446
PEMCO 166,600 396 6,589,804
Blanchard Plaza 259,000 149 3,881,575
Metropolitan Park 329,000 26.6 8,757,974
Seattle First Plaza 986,000 17.6 17,333,724
Columbia Center 1,500,000 17.9 26,809,259
Holiday Inn 338,000 498 16,835,628
Madison Hotel 457,750 18.1 8,288,588
5,653,865 116,632,360

Average Consumption = 116,632,360 kWh/yr

5,653

,865 sq ft

=20.63 kWh/sq ft/yr

(70,410 Btu/sq ft/yr)

Median Consumption =18 kWh/sq ft/yr

(61,434 Btu/sq ft/yr)

“These buildings conform to the Seattle Building Code which is the strictest in the region.

**Annual consumption estimates are based on final environmental impact statements and/or con-
tacts with the building architect/engineer.

Table 7-3.
Commercial Sector — Summary of Projected Loads and Conservation Potential
Year 2002
LOAD CONSERVATION
CONSERVATION
WITH CURRENT WITH PLAN'S INCLUDED
EFFICIENCIES CONSERVATION SAVINGS IN THE PLAN
ELECTRICITY USE (MW) (MW) (MW)
Existing Buildings 2,520 1.800 720
New Buildings 4,140 3,525 615
TOTAL 6,660 5,325 20% 1,335

"Savings potentially available through use of best commercially available, energy-efficient commer-
cial building design are not included.



Chapter 7

Industrial Sector
Current Use of Electricity

Bonneville’s current industrial loads con-
sist of the Direct Service Industries (DSls)
and the industrial customers of Bonne-
ville’s retail utilities. In 1981, sales to the
region’s non-DSls were 4,020 average meg-
awatts. Sales to the DSlIs (mainly the alum-
inum industry and some chemical produc-
ers) in 1981 were 3,131 average megawatts
of which 2,405 megawatts were firm sales.
The largest consumers among the non-
DSls are pulp and paper (19 percent),
chemical (13 percent), lumber (7 percent),
non-DSI| primary metals (7 percent), and
food products (4 percent). In 1981, indus-
trial sector sales accounted for 41 percent
of firm electric sales in the region.

Potential and Planned
Conservation

Assessing the technical and economic
potential for industrial conservation pre-
sents a more difficult problem than any
other sector. Not only are industrial uses of
electricity more diverse than the commer-
cial sector, but the conservation potential is
also more site-specific. Moreover, because
energy use frequently plays a major role in
industrial processes, many industries con-
sider energy-use data proprietary. As a
result of these problems, past attempts to
assess the industrial sector’'s conservation
potential have not been particularly suc-
cessful.

The Council's assessment of industrial sec-
tor conservation, summarized in table 7-4,
is based on surveys conducted by the
region’s major industrial electric custom-
ers, including Bonneville’s Direct Service
Industries. Each industry was asked to
estimate the amount of electric efficiency
improvements it would make if it were paid
a specific amount of money for the savings.
While all respondents indicated that their
assessments were preliminary, these sur-
vey results do signify that industrial con-
servation could provide the region with
significant savings.

Table 7-4.
Industrial Sector — Technjcal and
Economic Conservation Potential

COST CUMULATIVE
(Cents/kWh) POTENTIAL
in 1980 $) (Average MW)
1.0 105
1.5 200
2.0 545

The Council's plan includes developing
545 megawatts of the currently identified
conservation potential in the industrial sec-
tor at an average cost of 1.5 cents per
kilowatt-hour. Under the Council’s high
growth forecast these savings would reduce
projected industrial demand for electricity
in the year 2002 by approximately 6 percent.

Irrigated Agriculture Sector
Current Use of Electricity

Electricity used in irrigated agriculture ac-
counted for approximately 5 percent of the
region’s firm electric sales in 1981. Just
over 770 average megawatts were used for
well and irrigation pumping in that year.

Potential and Planned
Conservation

The costs of energy-conserving water appli-
cation systems are highly variable depend-
ing upon specific situations. In general, the
cost per kilowatt-hour saved for new
energy-conserving systems is less than or
equal to the cost of electricity that farmers
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are currently paying. The costs are gener-
ally higher for conservation efforts on exist-
ing systems than for installation of more
efficient technologies and new systems.

Water application scheduling improve-
ments and more efficient water application
systems could provide the largest energy
savings potential of any of the irrigation
energy conservation options studied. Be-
cause such improvements reduce the
amount of water used for irrigation, more
water could be available for hydropower
production. Council studies indicate that
440 megawatts can be saved in irrigated
agriculture at a cost between 1and 10 cents
per kilowatt-hour. Figure 7-11 depicts this
potential.

The Council concluded that conservation
programs in irrigated agriculture would be
implemented rapidly if adequate financing
can be secured. Farmers, particularly those
with high-pumping lifts and high-pressure
systems, are experiencing significant cost
increases for electricity. Consequently,
they are actively seeking ways to reduce
their electric consumption.

The Council's plan anticipates that 385
megawatts of conservation potential in irri-
gated agriculture can be realized by the
year 2002. The development of this conser-
vation would reduce anticipated agricul-
tural demand for electricity in the year 2002
by 30 percent.

Conservation on the
Existing Power System

Efficiency improvements to existing gener-
ating units as well as the region’s transmis-
sion and distribution system represent a
source of conservation savings.

The Council has not prepared a detailed
analysis of the potential for conservation in
those areas, but has been informed overthe
last year and in testimony received during
the public hearings that there is consider-
able potential. Both Bonneville and the
Corps of Engineers have programs under-
way to improve efficiency of the existing
system.

Average
Megawatts
800

Technical
Potential
400 MW @
10¢/kWh
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Conservation Cost (Cents/kWh)*
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Figure 7-11.
Irrigated Agriculture Conservation Potential

Bonneville has estimated the loss on their
customers’ distribution systems to be as
high as 900 average megawatts and on
their own transmission systems to be as
high as 300 average megawatts. Measures
such as changing system configuration,
adding more efficient capacitors, changing
conductors to reduce resistance, and re-
placing transformers could be cost-effective
in the near future. Bonneville is also con-
sidering raising the voltage levels and in-
stalling parallel feeders. The potential for
saving electricity is significant. Addition-
ally, Bonneville has estimated that efficiency
improvements to existing Kaplan turbines
at dam sites in the region could result in up
to 200 average megawatts of savings.

The Corps of Engineers has estimated that
efficiency improvements at their dams
could result in savings of 100 to 150 aver-
age megawatts in addition to Bonneville’s
turbine efficiency improvements.

The Council believes that there may be
other opportunities to improve system effi-
ciency and will work toward identifying
those opportunities in the next two years
and beyond. The Council feels that it is
conservative planning to assume that with
existing and yet to be identified programs,

270 average megawatts can be achieved
through efficiency improvements over the
twenty-year plan.

Direct Application
Renewables

In addition to improving the efficiency of
electric energy use, other technologies are
available which substitute renewable ener-
gy forms for electricity to perform the same
task. These include such things as wood,
solar, and geothermal space and water
heating, and wind machines used for me-
chanical drive (such as pumping). These
technologies are called direct application
renewables. Their cost-effectiveness is
highly site-specific. For example, the econ-
omics of geothermal district heating de-
pends upon the distance between the geo-
thermal resource and its ultimate point of
use. The economics of solar space and
water heating depend upon (among other
things) whether ahouse has clearaccess to
the sun. Wood heating may be cost-effective
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if consumers have close access to an ade-
quate wood supply and take measures to
reduce air pollutants emitted from their
stoves. The site-specific nature of the eco-
nomics of these direct application tech-
nologies prohibits a general statement re-
garding their cost-effectiveness to the
region. Subsequently, with the exception of
solar water heating, the Council has not
included them in its resource mix. How-
ever, it anticipates that some of these tech-
nologies will make significant contributions
toward offsetting the need for new generat-
ing resources during the next twenty years.

Planned Conservation—
All Sectors

Table 7-5 presents a summary by sector of
projected loads and planned conservation
for the Council’'s high and low growth fore-
casts. Figure 7-12 illustrates this informa-
tion. Conservation in the Council's plan
could reduce the projected overall demand
for electricity by 17 percentin the year 2002
under the high forecast. This would require
developing just over three-quarters of the
technical and economic conservation po-
tential available for less than 4 cents per
kilowatt-hour by the turn of the century.
Under the Council's low growth forecast
only a 5 percent reduction in the projected
demand for electricity is required to main-
tain the region’s load/resource balance.

The actual rate of conservation develop-
ment between 1983 and 2002 depends on
the level of population and economic activ-
ity that occurs during that period. Thus, as
described previously, the Council's re-
source portfolio forits high growth forecast
contains significantly more conservation
than that required under its low growth
forecast. This is because fewer resources
are required and less potential savings can
be obtained from new customers. The
Council’s long-term conservation goals and
near-term actions are described in the two-
year action plan, chapter 10.

Table 7-5.
Summary of Projeeted Loads and Conservation in the Year 2002
(Average Megawatts™)

LOAD IN 2002 CONSERVATION
WITH CURRENT WITH PLANS SAVINGS CONSERVATION INCLUDED
EFFICIENCIES CONSERVATION (%) IN COUNCIL'S PLAN
SECTOR HIGH Low HIGH LOW HIGH LOW HIGH LOW
Residential 10,850 6,380 8610 6,085 21 5 2,240 295
Commercial™* 6,655 3,475 5305 3,230 20 7 1,350 245
Industrial 8,850 7,360 8305 7,315 6 1 545 45
Agriculture 1,280 975 895 940 30 5 385 35
Power System
Efficiency
Improvements NA NA < 270> <40> NA NA 270 40
TOTAL 27635 18190 22,845 17,530 17 5 4790 660
NA — not applicable
“Does not include line losses
“*Includes 15 MW of governmental sector conservation
Residential
Hioh - |
Commercial :
Hon |
Industrial - g XS
High |
Agricultural = Z
Hion [ -
o
1,000 3,000 5,000 7,000 9,000 11,000

Loads Average Megawatts”

B Loads With Current Efficiencies
[l Loads With Plans Conservation

*Exclusive of Line Losses.

Figure 7-12.

Summary of Projected Loads and Conservation in 2002 for High and Low Forecasts
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Rate Design

The Council has identified two points at
which rate design affects conservation: (1)
initial incentive to act (achievement of de-
sired penetration), and (2) maintenance of
conservation investment (minimizing take-
back or “thermostat creep”). For example,
conservation investments that lower the
cost of heating a house may encourage the
homeowner to increase the thermostat set-
ting, thereby reducing the net energy sav-
ing to the region for its conservation invest-
ment.

The Council encourages the use of various
rate designs to bring about conservation
without proposing specific rate design rec-
ommendations as model conservation
standards. Depending on utility progress
toward the Council’s conservation program
goals, the Council may choose in the future
to include more specific rate design re-
commendations in the model conservation
standards.

Section 9(j)(1) of the Act states:

The Council, as soon as practicable
after the enactment of this Act, shall
prepare, in consultation with the Admin-
istrator, the customers, appropriate
State regulatory bodies, and the public,
a report and shall make recommenda-
tions with respect to the various retail
rate designs which will encourage con-
servation and efficient use of electric
energy and the installation of consumer-
owned renewable resources on a cost-
effective basis, as well as areas for
research and development for possible
application to retail utility rates within
the region.
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The Council therefore recommends that
the following principles be used in estab-
lishing rate designs:

e An appropriate rate design is one that is
based on regional marginal cost. Only
regional marginal cost gives a true test
of the cost-effectiveness of “conserva-
tion and efficient use of electric energy
and the installation of consumer-owned
renewable resources;”

e Marginal prices are a significant deter-
minant of consumer behavior. The
Council recommends that the appropri-
ateness of proposed or existing rate
designs be judged by examining the
effect of marginal prices on consumer
behavior rather than that of average
price or the total bill faced by con-
sumers;

* Rate designs should place heavier em-
phasis on energy charges and less
emphasis on demand and customer
charges. Because of the operating char-
acteristics of the regional hydropower
system, the binding constraint on the
system is expected to be meeting energy
loads rather than meeting peak de-
mands;

e Customer bills should contain the appli-
cable utility rate structure; and

e Customer bills should display the poten-
tial dollar savings a consumer could
attain by reducing consumption through
conservation by a significant amount
(such as 10 to 15 percent).

Reduced customer charges and demand
charges, increased energy rates, and par-
ticularly increased marginal energy rates
(inverted rates) are appropriate rate de-
signs given the above recommendations,
but the exact form these rate design
changes take should reflect the diversity
among local utilities. The aggressiveness
with which these rate designs should be
implemented will depend on the duration
and saleability of the current firm surplus
and the revenue problems attendant on the
surplus.

One appropriate method for calculating the
conservation impacts of different rate de-
signs is included in the ICF study, Module
IV Final Report (with Technical Appendix),
included in the Technical Exhibits to this
plan.

In reference to wholesale rates, the Council
recommends that Bonneville make its rate
designs at the wholesale level consistent
with the goal of giving individual wholesale
customers the most appropriate price sig-
nals about future costs of electricity. In par-
ticular, given the nature of the hydropower
system, further shift toward increased ener-
gy charges and reduced demand charges
would be appropriate in the future.



“the plan may include ... an estimate
of the types of resources from which
such power should be acquired”
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Generating Resources

Renewable and non-renewable generating
resources are included in the Council’s re-
source portfolio. Renewable resources,
such as hydropower, wind, biomass, geo-
thermal, etc., use a self-sustaining source
of energy. Non-renewables are those re-
sources that consume fossil fuels and,
therefore, face a limited fuel supply. This
chapter provides background information
that was used by the Council in deciding
how much of each resource to include in
the plan. Expected costs and levels of
power generated from both renewable and
non-renewable resources are discussed.
Although hydropower, biomass cogenera-
tion, and geothermal are the only renew-
able resources in the Council’s plan, sum-
maries of the Council’s findings on wind
and solar-electrical generation also are
included.

The direct application of solar and geo-
thermal for space and hot water heating
interacts with the conservation actions dis-
cussed in chapter 7. For this reason direct
application of renewable resources which
compete with individual conservation
actions, such as increased insulation levels
and the use of heat pumps, was discussed
in chapter 7 to assure consistency.

Renewable Resources

Council studies indicate that 2,100 mega-
watts of renewable resources are available
in the region during the twenty-year plan-
ning period, using currently available tech-
nology, at a cost ranging between 2 and 7
cents per kilowatt-hour in 1980 dollars. This
estimate includes no firm power contribu-
tion from geothermal, wind, or solar energy
because the Council’s analysis shows that
these resources are not presently cost-
effective at producing electricity. Direct
applications of the renewable resources
considered in chapter 7 can be cost-effec-
tive and are included as potential resources
in the Council's conservation program.

The Council expects that future technolog-
ical advancements will increase the availa-
bility of renewable electric generation and
at the same time decrease costs in real
terms. The Council has included a number
of measures in the two-year action plan

(chapter 10) to promote the development of
renewable resources during the next two
years.

This plan includes measures to encourage
the development of renewable resources
which are grouped into five categories:
hydropower, geothermal, wind, solar-elec-
tric, and biomass. Cost estimates include
all equipment necessary to meet federal
and state air and water quality and siting
requirements. Other environmental costs
and benefits were considered in the Coun-
cil's determination of which resources to
include in the plan (see chapter 9).

Hydropower

For planning purposes, the Council has
identified 1,500 average megawatts of new
hydropower potential at costs ranging from
1to 5 cents per kilowatt-hour. Of this poten-
tial the Council has included 1,150 mega-
watts of cost-effective new hydropower in
the twenty-year plan. In low-water years,
this hydropower is expected to provide 920
megawatts of firm energy. The selection of
this level of new hydropower development
represents less than 10 percent of esti-
mates of the region’s undeveloped hydro-
power resource. If the region were facing
deficits and suitable arrangements could
be made to protect the environment and
fish and wildlife, then the potential could be
closer to the 4,078 megawatts identified by
the PNUCC Hydropower Subcommittee in

the addendum to the draft report, North-
west Regional Hydroelectric Power Devel-
opment Projections, (November 16, 1982).

The estimates included in this chapter do
not include hydropower energy or capacity
that has been identified as “scheduled” by
PNUCC in the “Blue Book.” Scheduled
hydropower is already included in the exist-
ing resources and is assumed to be oper-
ated by the sponsors of these projects to
meet regional loads.

Hydropower availability and costs are diffi-
cult to assess because of the large number
of potential sites and because costs and
operating characteristics depend on the
site chosen. Without conducting a specific
review of the hundreds of hydropower sites
that exist within the Northwest, the Council
was still able to make reasonable estimates
of the total hydropower potential available.
The 1,500 average megawatts was divided
into 420 megawatts at existing facilities and
1,080 megawatts at undeveloped sites as
shown in figure 8-1.

Within each of these two categories, a fur-
ther breakdown divided the energy poten-
tial into high~cost and low-cost categories.
Since these cost groupings include two
groups of hydropower that are very high
cost, not all of the 1,500 megawatts was
selected for further cost-effectiveness
study. One final breakdown split each of

Hydropower
Potential
1500 MW
1 i
Existing” Undeveloped™
Facilities Sites
420 MW 1080 MW
i I
i i i
High Low High Low
Cost Cost Cost Cost
112 MW 284 MW 473 MW 594 MW
l i - ] ¥ 1 ] - I l
Winter Spring Winter Spring Winter Spring Winter Spring
Peak Peak Peak Peak Peak Peak Peak Peak
22 MW 90 MW 57 MW 227 MW | 1 246 MW | | 227 MW | | 309 MW | | 285 MW

24 MW of the existing and 13 MW of the undeveloped were screened out at this point due

to very high cost.
“*Found to be not cost effective,

Figure 8-1.
Hydropower Potential
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the cost categories of hydropower avail-
able into two different seasonal generation
shapes. These two categories contained
hydropower sites likely to have a winter
peak in generation and hydropower sites
that will have a spring peak in generation.

This information on seasonal flows, costs,
and the total number of megawatts in each
category was used to determine how much
hydropower out of the 1,500 megawatt
planning target to include in the plan. In
total 350 megawatts were determined to be
incompatible with the regional power sys-
tem leaving the 1,150 megawatts referred to
above. Council judgment and the Strategic
Planning Model were used in making this
determination.

Most of this hydropower would not be
developed until the latter half of the 1990's,
and then only if demand develops. Given
this fact and the uncertainties in the hydro-
power resource assessment described be-
low, the Council has determined that addi-

tional work is needed over the next two
years to further refine the hydropower
estimates.

In developing these estimates, the Council
analyzed four independent studies to de-
velop the estimates of achievable hydro-
power included in this plan. These studies
are summarized in table 8-1 and are dis-
cussed in further detail in the following
paragraphs.

Estimates of achievable new hydropowerin
the region from the four studies range from
as little as 450 average megawatts (CHoM
Hill for PNUCC) at or below 5.0 cents per
kilowatt-hour to as much as 2,377 average
megawatts (PNUCC Hydropower Subcom-
mittee) at or below 4.0 cents per kilowatt-
hour. These estimates should be compared
to the total undeveloped potential in the
region which has been estimated by the
U.S. Army Corps of Engineers to be more
than 55,000 average megawatts. Each of
these studies derated the undeveloped po-

Table 8-1.
Comparison of Realistically Achievable Hydropower
Stated in Average Megawatts Under Average Water Conditions

CENTS/kWh
STUDY NAME 1 2 3 4 5
Council Study 415 875 1,286 1,485 1,530
PNUCC Hydropower?
Subcommittee NA NA NA 2,377 —
CHoM HillP:€ — god 3309 4309 4509
Bonneville — 1,050d 1,4009 1,6004 1,6009

2pNUCC’s hydropower subcommittee in their modified draft hydropower assessment report started
with the total theoretical energy potential of all undeveloped hydropower within the region. This
theoretical potential was separated into four categories of potential projects, (1) proposed sites, (2)
irrigation sites, (3) existing non-power sites, and (4) existing power dams. These categories were
reduced to 11 percent, 72 percent, 48 percent, and 64 percent of the theoretical totals, respectively,
to account for efficiency losses, land use, fish and wildlife constraints and minimum flow
requirements. The PNUCC study used 1982 constant dollars. (Source: PNUCC'’s testimony to
Council on Draft Plan.)

brhe CHoM Hill study, “Pacific Northwest Regional Hydropower Assesment,” October 1982, was
based on a hydropower project list compiled by PNUCC and its hydropower subcommittee. This
list contains over 700 hydropower sites with current FERC licensing activity. The study begins by
removing from the PNUCC list those projects representing approximately 500 average megawatts,
which include recently completed hydropower projects (71 megawatts), projects with licenses
granted (99 megawatts), projects outside of the region (69 megawatts), projects sponsored by the
Corps of Engineers (114 megawatts), projects that have been granted exemption (22 megawatts).
and projects under construction (114 megawatts). An estimate of new hydropower was then
developed from the remaining sites identified on the PNUCC project listing. The supply function
was developed by BPA, the Council and PNUCC based on the results of a CHoM Hill telephone
survey of potential developers.

€ For comparison with other studies in the table approximately 350 MW should be added to the total
to account for projects that were removed from the data base prior to constructing a supply curve.

dApproximate translations to 1980 levelized dollars.

€Bonneville, in their Draft “Generating Resources Supply Curve”, September 15, 1982, developed
estimates of costs and guantites for the region for the years 1985-2000.
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tential to account for fish and wildlife, land
use, and technical constraints in arriving at
their estimates. The Corps, in commenting
onthedraft plan, estimated that 3,350 aver-
age megawatts could be developed. The
Corps comments were based on their as-
sessment of 226 sites in the region.

The Council study assessed the hydro-
power potential that reasonably could be
developed between now and 2002, concen-
trating on sites where adequate cost esti-
mates existed. The study also screened
sites to eliminate those with environmental
constraints which might preclude devel-
opment, such as proximity to wilderness
areas, scenic and wild rivers, etc. The
Council analyzed information regarding
cost and power production from 130 new
hydropower sites currently in the Federal
Energy Regulatory Commission’s (FERC)
licensing process. These sites represent a
total of 1,585 megawatts of energy and
4,244 megawatts of peak capacity at a cost
ranging from 0.6 of a cent to 12 cents per
kilowatt-hour. Ninety-four percent of the
hydropower energy available fell below 4
cents per kilowatt-hour.

The Council, PNUCC, and Bonneville
formed a working group to reconcile differ-
ences in the studies and to generate a
hydropower estimate that could be used for
planning purposes. This group focused
only on those sites that have already been
included in the FERC licensing process,
excluding all other hydropower potential.
These projects indicate a serious attempt
by potential hydropower sponsors to devel-
op the resource. Projects with active FERC
applications reflect a commitment of re-
sources by potential developers thatcan be
significant, ranging from as little as $1,000
for preliminary permits to as much as
$200,000 to prepare for a license applica-
tion. Based on results of the analysis by this
working group, the Council decided that
1,500 average megawatts of new hydro-
power was the appropriate planning target.

Bonneville concurred with this estimate.
Specific sites that comprise the 1,500 mega-
watts have not been identified by the Coun-
cil. Both the Council and Bonneville think
that 1,500 average megawatts may be a
conservative estimate given the fact that all
potential hydropower outside of the FERC
licensing process has been ignored. The
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1,500 megawatts includes approximately
450 megawatts currently beyond the license
applications stage of the FERC licensing
process and 59 megawatts now under
construction.

As a further check on the appropriateness
of 1,500 average megawatts as a planning
target, the Council performed a paraliel
assessment to the one done by CHoM Hill
for PNUCC, again concentrating only on
those sites where FERC permit activity has
occurred. That study concluded that over
1,500 average megawatts of new hydro-
power could be developed from projects
with active FERC applications as of June
28, 1982.

The weight of evidence from the four stud-
ies and subsequent efforts pointed to the
consideration of at least 1,500 average
megawatts of hydropower in the Council’'s
planning process.

Geothermal

Geothermal energy has the potential for a
large contribution to the region's electric
energy supply. However, opinions are
divided as to how much electric energy and
at what price. A Council study estimated
more than 2,000 average megawatts of
electric generation were available from
high-temperature (greater than 150 degrees
centigrade) resources at costs ranging from
3.2 to 8.8 cents per kilowatt-hour. In addi-
tion, intermediate-temperature (90 to 150
degrees centigrade) hydrothermal re-
sources could provide direct heating for
groups of houses and businesses, replac-
ing 716 average megawatts of electricity at
costs ranging from 3.0 to 6.5 cents per
kilowatt-hour.

These estimates represent only part of the
geothermal potential in the region. The
Council has not examined geothermal re-
sources at temperatures below 90 degrees
centigrade for non-electric uses or temper-
atures between 90 and 150 degrees centi-
grade for electric generation. Some com-
munities in the region, including Boise,
Idaho, have developed low-temperature
resources for space heating, and estimates
show that other communities could exploit
geothermal resources to provide cost-ef-
fective space heating. Efforts are underway
in the region and in California to generate

electricity from geothermal fluid in the 100
to 115 degrees Centigrade range using well-
head generators. The Council will monitor
progress in these areas.

The geothermal resource is large, and
effective technology to develop these sites
exists. However, more precise information
would be needed on temperature and
chemical makeup of the geothermal fluid,
size of promising geothermal reservoirs,
and all related costs before the Council
could forecast geothermal energy to be a
cost-effective resource in the plan. Consid-
erable information about the region’s geo-
thermal resource-has already been docu-
mented by the U.S. Geological Survey in
their Geological Survey Circular 790, pub-
lished in 1979. Since that time, the U.S.
Department of Energy and the four states
of the region have extended that informa-
tion. The Council does not see additional
expensive resource exploration as the re-
sponsibility of Bonneville, and expects that
traditional funding sources for those activi-
ties will continue.

The Council has identified actions to en-
courage cost-effective geothermal resource
development. The Council expects to in-
clude power from geothermal energy as a
firm resource in subsequent revisions to
the plan. Detailed actions to achieve this
goal are described in the two-year action
plan, chapter 10.

Wind

Wind resources are presently in a research,
development, and demonstration stage. The
region could have as much as 2,200 mega-
watts of wind turbines instalied by the year
2002. However, estimating costs of future
wind turbines is highly speculative. Cost
will decrease only if more wind turbines are
built, and this will happen only if they
become cost-effective. The Council has
not included any wind energy in this plan
because of this uncertainty about costs and
performance, but the Council will amend
its resource portfolio if and when those
uncertainties are resolved in favor of wind
resources. Moreover, the Council has iden-
tified actions the region can take when
technology and production improvements
reduce the cost of wind turbines to a cost-
effective level. These actions are described
in the two-year action plan, chapter 10.

Solar

Solar-electric generation is an emerging
technology with medium- to long-term po-
tential in the region. The direct application
of solar energy for space or water heating
was considered in the Council’s conserva-
tion assessment (see chapters 7 and 10).

The Council has not included solar-electric
generation in the twenty-year plan because
of the expected high cost of electricity
generated from either central station solar
receivers or photovoltaics. Council studies
estimate the cost at 11 to 19 cents per
kilowatt-hour for central station receivers
and from 65 to 75 cents per kilowatt-hour
for photovoltaic stations. The Council rec-
ognizes that significant cost reductions
could occur in this technology and that
solar-thermal electricity from central gen-
erating stations has the potential to become
competitive with other resources depend-
ing on a reasonable production rate and
large-scale demonstration of performance
and reliability. Because of the potential for
significant cost reductions and the number
of acceptable sites in the region, the Coun-
cil recommends continuing and expanding
Bonneville’s current data collection activi-
ties as described in the two-year action
plan, chapter 10.

Biomass

Biomass includes wood residue, agricul-
tural waste, and municipal solid waste.
Biomass is used as a fuel to generate elec-
tricity alone as well as to generate electric-
ity and process steam simultaneously. The
biomass assessment was divided into two
parts: (1) the potential for biomass indus-
trial cogeneration, and (2) non-industrial
biomass potential whether as a cogenera-~
tor or to produce only electricity.

Industrial Cogeneration (Biomass)

Industrial cogeneration occurs when an
industrial plant sequentially produces both
electric energy and useful thermal energy
from the same fuel source. The Council has
included 400 megawatts of biomass-fueled
industrial cogeneration in its twenty-year
plan under the high and medium-high
growth forecasts. Industrial cogeneration
acquisition schedules are outlined in chap-
ter 5.
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The 400 megawatts of industrial cogenera-
tion fueled with biomass represents 80 per-
cent of a total of 500 megawatts of indus-
trial cogeneration which the Council
estimated could be developed for between
3.5 and 6.5 cents per kilowatt-hour. The
other 20 percent is fueled with gas, oil, or
coal and is a priority three resource [see
Cogeneration (Non-Biomass) below] under
the Act. Achieving this level of industrial
cogeneration requires the development of
a regional policy recognizing cogenera-
tion's positive aspects and addressing the
difficulties potential cogenerators face
when they try to market electricity. These
difficulties arise because of limited access
to markets, both inside and outside the
region, and the fact that cogenerators gen-
erally are not part of the utility community.
Regional actions to encourage cogenera-
tion are described in the two-year action
plan, chapter 10.

The Council also identified 541 megawatts
of existing cogeneration capacity in the
region. In the past, these resources have
produced 320 average megawatts of elec-
tricity in good business years. (Less than
100 megawatts of these resources were
included in chapter 6 because most do not
belong to utilities and therefore have not
been offered to the region as firm resources.
The effect of these resources on demand
for electricity is unknown.) Since the last
two years have been poor for business and
the region has had surplus hydropower,
many of these existing facilities have not
been operated. This situation points out
one of the primary benefits of cogenerated
electricity. It tends to follow changes in
demand caused by business-cycle fluctua-
tions. When business is down, so generally
is the demand for electricity, and the co-
generating units can be shut down. If busi-
ness improves, so does the demand for
electricity, and the cogenerating units can
be brought on-line.

Non-Industrial Uses of Biomass

The Council has not counted on any non-
industrial biomass resources in the plan.
The Council has estimated the biomass
potential, other than biomass used in indus-
trial cogeneration processes, to be 380
average megawatts by the year 2002. About

8-4

45 average megawatts of biomass are
planned to be in service between now and
1985. This includes the 32 average meg-
awatts from Washington Water Power’s
Kettle Falls project (chapter 6). A municipal
solid waste project at Oregon City, spon-
sored by the Metropolitan Service District
and scheduled for service in 1986, has
recently been suspended indefinitely. Per-
ceived environmental concerns were
chiefly responsible for the suspension of
the plant. Citizens in the area of the planned
facility passed an initiative to stop devel-
opment.

However, other projects recovering energy
from municipal solid waste are being pur-
sued in the region. Advances in experience
and technology may make this resource
available to solve the disposal problems of
the major urban areas where there is a
demand for power. Plants totalling 48 meg-
awatts have proceeded to the planning
stage, but are not authorized yet for con-
struction by the sponsor, and 290 average
megawatts have been identified as poten-
tial. All of these identified sites must clear
many obstacles before development.

Cost estimates range from 0 to 21.9 cents
per kilowatt-hour depending on negotiated
price of fuel, in the case of wood residue-
fired biomass generation, and how much
credit is given for avoided dumping costs
when municipal solid waste is used as fuel.
The Council’s initial resource assessment
indicated that the 100 average megawatts
could be acquired for 6.5 cents per kilo-
watt-hour or less. Considering the lower
costs and abundance of competing re-
sources, the Council has not included bio-
mass resources in the plan. Present assess-
ments of the quantity, quality, and cost of
the biomass generating resource in the
region are inadequate and additional study
is needed. Although not included in this
plan, biomass is a high-priority resource in
the Act, and the Council encourages devel-
opment, when needed, of cost-effective
and environmentally sound projects that
can be included in future plans and ac-
quired by the Administrator to benefit the
region.

Non-Renewable Resources

The Council has assessed the cost and
availability of non-renewable generating
units that could meet regional demand for
electricity over the twenty-year planning
period. This assessment included plants
that have been identified by name in var-
ious planning documents, as well as un-
named resources.

Council decisions regarding cogeneration
that uses fossil fuels, conventional and
advanced coal-burning power plants, and
nuclear power plants are summarized in
this section and background information
supporting these decisions is also pre-
sented. Natural gas combustion turbines
have been analyzed separately and are
included in chapter 5.

The Council also conducted a detailed
assessment of the desirability of coal plants
relative to nuclear plants. During the public
comment period, a number of consulta-
tions were held on this assessment and the
Council received many comments on this
issue. A detailed summary of the Council’s
analysis can be found in chapter 5 and
Appendix G (Volume I, available on re-
quest).

Cogeneration (Non-Biomass)

About 400 of the 500 average megawatts of
industrial cogeneration that could be devel-
oped in the region over the twenty-year
planning period are fueled with biomass, a
priority two resource in the Act. The other
100 average megawatts are fueled with oil,
gas, or coal. Assuming that cogenerated
electricity could be acquired at just below
the price of coal-generated electricity, the
Council's analysis has included all 100
megawatts in the plan under both the high
and medium-high growth forecasts.

Comments received during the public hear-
ings on the draft plan suggested that the
estimate could be raised to as high as 800
megawatts of cogenerated electricity fueled
with natural gas. The Council will study
these comments further. But since acquisi-
tion of cogeneration is not anticipated until
1994, the more conservative figure of 100
megawatts will be retained for planning
purposes. The higher estimate will be con-
sidered in future revisions of the plan.
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Coal

The Council has analyzed cost-effective-
ness to the system of using either coal
plants or nuclear plants (see Appendix G,
Volume Il, available on request). The resuits
of the analysis lead to the conclusion that
for planning purposes coal plants are pre-
ferred to nuclear plants. The Council has
considered this analysis and has included
approximately 3,294 average megawatts of
coal-generated electricity in its high growth
forecast. Approximately 1,098 average meg-~
awatts are included in the medium-high
growth forecast and no coal plants are
needed in the medium-low and low fore-
casts. Council decisions on acquisition
schedules for coal plants were described in
chapter 5.

Appendix G (Volume I, available on re-
quest) also contains background informa-
tion and decisions made regarding ex-
pected equivalent availability factors for
coal and nuclear plants, fuel escalation
rates, construction lead times, and other
assumptions thatinfluence the relative costs
of electricity from coal plants versus elec-
tricity from nuclear plants.

The generation of electricity at a coal-fired
power plant is a well-established technol-
ogy. However, operators of coal plants are
still gaining experience with new pollution
abatement equipment required to comply
with environmental standards. These re-
quirements have made new and proposed
coal plants more costly and somewhat less
reliabie than earlier plants. However, the
Council has determined that coal could
meet energy needs through the Council’s
twenty-year planning period at a cost be-
tween 4.0 and 4.7 cents per kilowatt-hour.
For the plan, the Council relies on conven-
tional coal-fired plants only. Advanced con-
cepts are discussed later in this chapter.

Currently, the region relies on coal-fired
generation for 2,091 average megawatts
with a total peaking capacity of 2,939 meg-
awatts. Additionally, most of what is classi-
fied as “imports” to the region is energy
from coal-fired plants in Montana and
Wyoming. (See figure 6-1 in the Existing
Thermal Resources section of chapter 6)
Coal plants in the Pacific Northwest that
are either under construction or being con-
sidered represent 2,864 average megawatts

with a sustained peaking capability of 4,040
megawatts. These plants include Colstrip
Units 3 and 4 and Valmy 2 which are under
construction, the four Creston units being
planned by Washington Water Power, Port-
land General Electric's Boardman 2, and
Pacific Power and Light's Wyodak II. (The
Colstrip and Valmy plants are assumed to
be built on schedule and have been in-
cluded in the Resources Under Construc-
tion section of chapter 6.)

Council studies have also developed cost
estimates for five generic coal plants that
can be used to meet load in the region over
the planning period. These generic plants

are shown in table 8-2 along with the
planned and prospective plants. Table 8-2
contains capacity and energy rating for the
plants along with estimates of capital costs.
The generic plants include advanced-tech-
nology coal plants using atmospheric flu-
idized-bed combustion, pressurized fluid-
ized-bed combustion, coal-gasification
combined cycle, and coal-gasification fuel-
cell combined cycle. Although cost esti-
mates appear promising for these advanced
technologies, they are not certain enough
to be included in the current plan. The
Council will continue to study development
of these technologies.

Table 8-2.
Planned, Prospective and Generic Coal Plants
EARLIEST  SUSTAINED? AVERAGE® cosT Tob  SUNKDP
IN-SERVICE ~ CAPACITY ENERGY COMPLETE COSTS
PROJECT UNIT DATE (MW) (Average MW) (1980 S/kW)  ($/kW)
Colstrip® 3 Jan 1984 490 343 40 1,3469
4 Jui 1985 490 343 148 g39d
Valmy 2 Sept 1985 121 87 301 1,071¢
Creston 1 1988 560 392 1,321 0
2 1990 560 392 900 0
3 1992 560 392 945 0
4 1993 560 392 840 0
Boardman 2 1991 500 360 1,036 0
Wyodak 2 1988 252 181 NA 0
Conventional 1993 1,000 700 1,127 0
Atmospheric
Fiuidized Bed
Combustion — 1996 1,000 700 7509 0
Pressurized
Fluidized Bed
Combustion — 1997 1,300 910 8069
Coal Gasification - 1994 1,000 700 9354
Coal Gasification
Fuei-Cell
Combined Cycle ~ — 1998 1,500 1,050 9249 0

3pavailable as firm resources to the region.

PCosts expected to be expended as of January 1984 and costs to complete from January 1984. Sunk
costs for Coistrip 43 and #4 and Valmy #2 are shown here in nominal doliars.

CAssumed to be built and included as an existing resource. The total plant consists of two 700 mega-
watt units capabie of producing 980 megawatts of energy. The 30% share not shown on this table is
owned by Montana Power Company and serves ioads both in the region in Western Montana, and

outside the region, in Eastern Montana.

dCosts and performance of those advanced technoiogies are highly uncertain. The Council intends
to monitor the progress of these technologies as their preliminary costs appear promising.

8-5



Chapter 8

Nuclear

The Council has focused on the nuclear
plants where construction has begun or
where significant planning has occurred.
Plants included in the Council's assess-
ment are WPPSS 4 and 5 and Skagit/Han-
ford 1 and 2. The WPPSS 1, 2, and 3 piants
are assumed to be completed and have
been included as existing resources in
chapter 6. WPPSS 1isassumed to be com-
pleted in 1988 in the high and medium-high
growth forecastsandin 1991 in the low and
medium-low growth forecasts.

The Council has put together technical and
cost data for nuclear plants. The data was
derived from published sources and was
used in the comparison of nuclearand coal
plants. Cost data for the seven proposed
plants are shown in table 8-3 along with
capacity and energy ratings for each of the
plants. The Council’s load forecasts show
the need for base-loaded plants only in the

event that the medium-high or the high
forecasts occur. Even then, base-loaded
plants are not needed until 2001 in the
medium-high forecast and 1998 in the high
forecast. At this time, it appears that either
coal plants or nuclear plants are the most
likely resources to meet those loads, al-
though by 1994, the earliest time when
construction would have to begin, it is pos-
sible that geothermal or some other re-
source may be more desirable to serve
base loads in the region.

Of the nuclear plants not already assumed
to be complete, the Council’s analysis has
shown that if base-loaded nuclear plants
were needed, completing WPPSS 4 and 5
would be cheaper than terminating those
piants and building Skagit/Hanford 1 and 2.
This decision was based on the fact that
WPPSS 4and 5 are 24 and 16 percent com-
plete respectively, and their expected com-
pletion costs have undergone considerable
review both in the Washington State

Table 8-3.
Technical and Cost Data for Potential Nuclear Plants
SUSTAINED  AVERAGE COST 1O SUNK COSTS
ASSUMED  CAPACITY ENERGY COMPLETE (NOMINAL DOLLARS)

PROJECT IN-SERVICE (MW) (MW) (1980 $/kW) (S/kW)
WPPSS 1¢ 1991 1,259 818 1,182 1,689
WPPSS 2¢ 1984 1,093 697 0 2981
WPPSS 3¢ 1987 1,240 806 629 1.876
WPPSS 4 1995 1,259 818 1,475 1,240
WPPSS 5 1995 1,240 806 1,573 1,020
Skagit/Hanford 1 1985 1,275 829 1,517 311
Skagit/Hanford 2 1995 1,275 829 1,274 3

3Costs include construction costs to complete, allowance for funds used during construction,
working capital and where appropriate preservation and remobilization expenses.

DCosts shown for Skagit/Hanford plants 1 and 2 are architect and engineering estimates, whereas,
the coss shown for the WPPSS plants are from construction budgets for these plants. Thus, they

are not comparable. (See text.)

CCosts to complete and sunk costs for WPPSS 1, 2 and 3 are those expected as of January, 1984.

Legislature’'s Independent Review of
WPPSS Plants 4 and 5 and in the analysis
done by the Council. Moreover, construc-
tion has not started on Skagit/Hanford 1
and 2. Thus, the cost estimates of WPPSS 4
and 5 should be less uncertain than for
Skagit/Hanford 1 and 2. Additionally, Coun-
cil analysis of levelized costs of energy,
under assumptions of current ownership,
showed the costs of WPPSS 4 and 5 to be
lower than Skagit/Hanford 1 and 2.

For these reasons, the Council compared
WPPSS 4 and 5 with generic coal plants to
determine whether coal plants or nuclear
plants would be included in the twenty-
year plan. (See the explanation and sum-
mary of this analysis in Appendix G,
Volume I, available on request.)

Based on current analysis, no additional
nuclear plants beyond WPPSS 1, 2, and 3,
which are assumed to be completed, are
included in this plan.



“The plan shall [include] ... due
consideration for environmental
quality [and the] protection, mitiga-
tion, and enhancement of fish and
wildlife”

Chapter 9

Consideration of Environmental
Quality and Fish and Wildlife

In compliance with the Northwest Power
Act, the Council has considered environ-
mental quality and fish and wildlife con-
cerns throughout development of this ener-
gy plan. Although these considerations
were important, the Act also required the
Council to consider the compatibility of the
plan with the existing regional power sys-
tem, to choose the most cost-effective
resources, and to follow certain priorities in
selecting those resources. For this reason,
selection of the resource portfolio involved
not only choosing those resources which
were most environmentally sound or most
protective of fish and wildlife, but also
balancing these concerns with the other
requirements.

In addition, the Act requires that all re-
source cost-effectiveness evaluations must
include quantifiable environmental costs
and benefits. Costs for pollution abatement
equipment and fish and wildlife mitigation
required under state and federai regula-
tions have been included in estimates of
generic resource costs. The Act further
specifies that the Council must develop a
method to quantify other environmental
costs and benefits to be used by Bonneville
in measuring the cost-effectiveness of spe-
cific resource acquisition decisions. This
method, developed by the Council, is pre-
sented in Appendix C. The Council expects
Bonneville to use this method in evaluating
each resource and resource site prior to
acquisition.

This chapter describes the process the
Council used in givingdue consideration to
environmental quality and fish and wildlife
in its selection of resources.

Environmental Quality
Due Consideration Process

The Council began its consideration proc-
ess by performing studies to identify the
potential environmental and fish and wild-
life effects on resources. These studies and
important issues arising from them were
subjected to public review and comment
and guided the Council as it drafted its
resource portfolio.

During the public comment period on the
draft plan, many comments and consider-
able data were received regarding the en-
vironmental effects of the various resources
discussed in the plan. In particular, many
public commenters offered data document-
ing the environmental effects of hydro-
power dams, coal-fired power plants, and
high-voltage transmission lines. All this
information was carefully considered by
the Council.

During review of the draft plan, the Council
held a public consultation meeting on
March 21, 1983 to discuss the Council's
consideration of environmental quality and
fish and wildlife concerns. This consulta-
tion was attended by representatives of
environmental groups, Indian tribes, utili-
ties,and an agricultural organization. Views
and data presented at this meeting assisted
the Council in furthering its consideration
of environmental quality and fish and wild-
life concerns.

Analysis of Resources and
Alternatives

While selecting the individual components
of its resource portfolio, the Council as-
sessed all available energy technologies,
including their environmental benefits as
well as impacts. The Council also consid-
ered the amounts of power to be expected
from each resource type, how effects on
environmental quality and fish and wildlife
could be mitigated, and how mitigation
measures may affect energy production.
Although not included as major compo-
nents of the Council’s plan at this time, the
environmental costs and benefits of alter-
native resources such as geothermal, solar-
electric generation, and wind were consid-
ered. These alternative resources will be
closely monitored and assessed in the
future for their environmental effects as
well as for their increased cost-effective-
ness and feasibility. As they become eligi-
ble for inclusion in the Council's resource
portfolio, these resources again will be sub-
ject to the same environmental considera-
tions.

This section discusses some of the mitiga-
tion measures that the Council expects
Bonneville to consider in any resource
acquisitions or other actions which are
required by the Act to be consistent with
the plan. While the Council has now
adopted specific standards only for hy-
dropower development (for the protection
of fish and wildlife, in Appendix E), it is
expected that the implementing agencies
will be guided by the considerations set
forth in this appendix. Over the next two
years, the Council will study the feasibility
of establishing a general set of resource
acquisition criteria. The analysis that fol-
lows first discusses the resources that are
included in the two-year action plan and
thenthe resources identified foracquisition
inlater years and then only if higher growth
is realized.

Conservation

The Council expects that conservation will
contribute by far the largest share of energy
under any of the resource mixes for the four
growth forecasts. To that end, the two-year
action plan includes measures in the resi-
dential sector to weatherize existing houses
and to set weatherization standards for
both new houses and houses converting to
electric space heating. In the commercial
sector, the Council expects two-year ac-
tions to include weatherizing new buildings
and setting conversion standards. The
action plan also calls for acquiring indus-
trial and agricultural conservation savings.
These conservation actions were devel-
oped by the Council with full consideration
of their potential environmental costs and
benefits.

As identified by the Council, the environ-
mental benefits of conservation are sub-
stantial. First, reduction of electric demand
due to conservation measures can help the
region avoid construction of new conven-
tional energy resources with their accom-
panying environmental impacts. Conserva-
tion “generates’” electricity without
transmission lines, significant air or water
pollution, noise, solid waste, or land use
impacts. Though the production of conser-
vation devices (insulation, storm windows,
etc.,) may include some environmental im-
pacts, the Council recognizes that the
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amount of electricity “produced” by con-
servation is much more environmentally
acceptable than, for example, the equiva-
lent amount of energy generated by a coal-
fired power plant or hydropower dam. The
5,100 megawatts expected to be contrib-
uted by conservation under the Council's
high growth forecast is equivalent to the
output of fourteen 366-megawatt coal-fired
power plants (the size of plants assumed by
the Council if increments of coal-fired
generation are required), and is accompan-
ied by only minor environmental impacts.

Conservation is not likely to harm fish and
wildlife. In fact, by reducing the use of fossil
fuels, conservation will benefit fish and
wildlife by avoiding unnecessary air and
water pollution, transmission lines, mining,
habitat interference or destruction, and
water use. However, the Council is con-
cerned about the potential indoor air qual-
ity impacts of weatherization unless mitiga-
tion measures are employed. The Council
study noted that residential weatherization
could reduce ventilation and cause harmful
concentrations of various pollutants from
space heating equipment, insulation, and
building materials. These pollutants in-
cluded formaldehyde from particle board
and some insulation, and radioactive emis-
sions from masonry and concrete build-
ings. The report noted, however, that health
levels for these pollutants have not yet been
established.

The Council decided that heat exchangers
could adequately mitigate these air quality
impacts in that they provide adequate venti-
lation without sacrificing much heat. The
Council's model conservation standards
include an air-to-air heat exchanger if the
house does not meet Bonneville's exemp-~
tion criteria for air-tightening measures.
With this mitigation, the Council believes
that conservation is attractive from an en-
vironmental perspective.

92

Hydropower Development

The Council's two-year action plan also
calls on Bonneville to acquire options on
hydropower projects at six sites. The de-
velopment process forthe Council’'s Colum-
bia River Basin Fish and Wildlife Program,
adopted November 15, 1982, provided a
wealth of information on the fish and wild-
life and environmental effects of hydro-
power development as well as measures for
mitigating those effects. Those considera-
tions have also been taken into account in
this plan to the extent they are appropriate
outside the Columbia Basin. The Council’s
fish and wildlife program should be exam-
ined for a more complete description of the
impacts and mitigation measures applica-
ble to the Columbia River Basin.

The Council identified several potential
environmental effects of hydropower devel-
opment. For one, the transformation of a
river to a deep, still reservoir can aiter the
temperature of the water. However, the use
of special structures and reservoir draft
techniques can mitigate this effect. Another
impact is nitrogen supersaturation caused
by spilling water over the dam. Though
lethal to fish, it can be avoided with the use
of devices that deflect spilled water. These
impacts are generally limited to large
hydropower projects involving reservoirs,
while the Council expects many new hydro-
power projects to be small, run-of-the-river
projects without reservoirs.

Construction of a hydropower project may
include erosion and sedimentation nearthe
stream, causing increased water turbidity.
The Council's data note that these effects
can reduce the aesthetic quality of the
stream as well as harm its value for fish,
wildlife, or recreational uses. Sometimes,
these effects are limited to the period of
construction and are not considered signi-
ficant enough to warrant foregoing other-
wise feasible hydropower sites.

Federal law prohibits licensing hydropower
projects on or directly affecting wild and
scenic rivers, and special consideration is
required when historic or archeologic sites,
national wildlife refuges, national monu-
ments, national recreation areas, endan-
gered species habitat, or lands adjacent to

wilderness are involved. In estimating the
amount of hydropower potential, the Coun-
cil accordingly eliminated such areas from
consideration.

Installation of hydropower projects on a
previously free-flowing stream can reduce
or eliminate the stream’s value for kayak-
ing, rafting, and some types of fishing, as
well as reduce the forest land base and
eliminate Indian religious sites through
inundation. Also, although the effects of
particular projects may be relatively minor,
the cumulative effects of several hydro-
power dams on a single stream can be
serious. However, this plan includes meas-
ures described below to support future
hydropower development at the least sen-
sitive locations and with minimum environ-
mental impact. The fish and wildlife pro-
gram portion of this energy plan is appli-
cable only to the Columbia River Basin,
while the energy plan itself is applicable to
the entire region. Measures adopted by the
Council for the Columbia Basin and the
rest of the region are more fully described
inthe discussion of fish and wildlife impacts
in a later section of this chapter.

Because of these safeguards, the Council
believes needed additional hydropower
development can occur in an environmen-
tally sound manner. The first hydropower
included in the plan would not be needed
until the early 1990’s. This allows sufficient
time to study the impacts of hydropower
and to refine methods for alleviating them.
The effects of hydropower generation are
limited generally to the stream affected by
the dam. No serious air pollution or solid
waste problems are raised by hydropower
projects, and they do not rely on a finite
fossil fuel. It should be recognized, how-
ever, that the Council’'s environmental as-
sessment of hydropower so far has ad-
dressed only generic hydropower projects.
The site-ranking study {(see chapter 10) will
focus on the potential environmental im-
pacts of siting projects on particular stream
reaches.
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Development of Additional
Markets for interruptible Energy

To utilize the present surplus economically,
the two-year action plan expects Bonne-
ville to develop additional markets for inter-
ruptible energy in the region’s industrial
sector. Potentially, this could require the
siting and construction of additional high-
voltage transmission lines. Such lines can
have adverse impacts on environmental
quality and on fish and wildlife, which are
discussed below in connection with coal
and nuclear facilities. Because the location
of new markets and their relation to existing
power lines is uncertain at this time, the
Council was unable to considerthe impacts
of specific power line routes or even the
approximate amount of new lines that may
be needed. The Council did, however, con-
sider the potential impacts of additional
power lines in general. As with all resources
in the plan, the Council expects that any
new lines will be sited in conformance with
all state standards.

Geothermal

Under the two-year action plan, Bonneville
is expected to develop a demonstration
project to purchase 10 average megawatts
from geothermal sources. Council studies
indicate that electric generation from geo-
thermal sources can cause emissions of a
variety of gases, including hydrogen sul-
fide. At low concentrations, this pollutant
causes an offensive odor, and can be harm-
ful to the human respiratory system and to
local wildlife. Although no federal air qual-
ity criteria exist for control of hydrogen sul-
fide, the Council’s analysis suggests that
current pollution control technology can
achieve 90 percent hydrogen sulfide re-
moval.

Nevertheless, uncontrolled emissions dur-
ing preliminary drilling could harm wildlife,
especially birds. Clearing of land and con-
struction of roads and pipelines required to
tie in numerous geothermal wells to central
generators could destroy wildlife habitat
and create barriers to wildlife migration.
Once geothermal water or steam is used to
generate electricity, it is usually reinjected
into the earth. Studies suggest that the
impacts of fluid disposal are site-specific,
depending largely upon the chemical nature

of the fluids. Though reinjection is normally
preferred, the Council’'s data notes that
other disposal techniques deserve study.

Venting of excess steam or water vapor can
create noise, but this is estimated by the
Council to be a minorimpact because most
geothermal sites are far removed from
population centers. Again, there may be
some impact from this noise on wildlife
populations. Some geothermal projects
may require large quantities of water for
cooling. This may pose serious problems
because geothermal sites are frequently
located in dry regions. Public comments
suggest that extraction of geothermal steam
or water may cause the earth to settle. Also,
geothermal development may disrupt
scenic areas and expose workers to risk of
injury while working near steam or hot
water.

Any impacts that result from the demon-
stration project may be minor considering
the small size of the project. The Council
also realizes that one function of the dem-
onstration project would be to further as-
sess environmental effects of geothermal
power and refine methods for dealing with
them.

industrial Cogeneration

The Council expects about 80 percent of
the available cogeneration to be fueled with
biomass (wood waste, for instance). Par-
ticulates would be emitted from combus-
tion of wood chips or other biomass fuel,
but could be controlled by pollution con-
trol technology as required by law. The
Council’s analysis and comments from the
wood products industry suggest that “cy-
clones” (pollution control devices) can
remove larger particles while wet scrubbers,
electrostatic precipitators, and baghouses
can remove smalier ones. However, some
have questioned whether control technol-
ogy for cogeneration is as sophisticated as
it is for thermal plants. Also, cogeneration
units are more likely to be located near
population centers. Use of coal as a backup
fuel would entail the air quality impacts dis-
cussed later regarding coal.

Timber harvesting raises concerns regard-
ing erosion, sedimentation, aesthetic im-
pacts, and destruction of wildlife habitat.
Because biomass fuels are usually bypro-
ducts of lumber processing, the Council
believes most of these effects may be
attributable to the production of wood pro-
ducts and not to biomass electric genera-
tion. Nonetheless, when biomass harvest-
ing involves picking up fallen wood in
forests, it may independently cause the
effects described above.

Any impacts associated with cogeneration
would occur only in the medium-high and
high growth forecasts. Key to the Council's
decision was that use of cogeneration to
generate electricity would reduce the need
to construct coal-fired or nuclear plants,
which, for the reasons stated below, are
less environmentally sound than resources
such as cogeneration. Cogeneration, be-
cause of its overall efficiency, entails fewer
environmental risks than the separate pro-
duction of electricity and process steam.
Because cogeneration depends largely
upon existing facilities, it normally does not
include the “boom town” impacts or major
transmission lines associated with larger
thermal plants. The Council also recog-
nizes that, unlike fossil fuel-fired genera-
tors, cogeneration has the advantage of
utilizing a renewable resource.

Combustion Turbines

Because of their flexibility, combustion
turbines have been included as a “planning
hedge” inthe medium-high and high growth
forecasts. Fueled by natural gas or oil,
combustion turbines are expected to emit
certain air pollutants. The Council's data
shows that emissions of natural gas-fired
turbines are minimal compared to those of
oil-fired turbines or coal plants. Combus-
tion of natural gas releases small amounts
of nitrogen oxides and about half the
amount of carbon dioxide emitted by coal
plants. The Council's data suggests that
nitrogen oxides from gas-fired turbines can
be reduced to comply with air quality
regulations by reducing the temperature of
combustion air, recirculating flue gas, or
injecting demineralized water.
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Oil-fired turbines release larger amounts of
these pollutants, plus sulfur dioxide. Ac-
cording to the Council's studies, sulfur
dioxide emissions from oil-fired turbines
can be minimized by using distillate oil or
by limiting the sulfur content of fuel oil
used. Finally, though public comments
suggest that operation of these turbines
may be noisy, thisimpact may be mitigated
by siting the plants away from population
centers and developing buffer zones.

Use of combustion turbines fueled with
natural gas or oil also raises certain envir-
onmental concerns in connection with ex-
ploration, development, and transportation
of the fuel. The Council notes that off-shore
exploration and development of fossil fuels
can interfere with commercial and recrea-
tional fishing, and could cause aesthetic
impacts on shoreline areas. On-shore ex-
ploration and development can intrude on
roadless areas and wildlife habitat, and
affect the aesthetics of natural areas. If
reliance is placed on foreign imports, there
also may be increased risk of oil spills from
tanker accidents. Transportation by pipe-
line can disrupt existing land uses and
cause some aesthetic impacts.

As previously noted, the role of combustion
turbines in the plan is limited. Combustion
turbines are included only as insurance to
meet unexpected load growth. Merely pre-
serving the potential for using these tur-
bines can postpone or avoid construction
and operation of large-scale coal or nuclear
facilities. The Council chose combustion
turbines in the higher growth forecasts
because they can be brought on-line quick-
ly and operated in harmony with the hydro-
power system. This flexibility and avoid-
ance of other impacts, in the Council's
judgment, outweighs the effects of com-
bustion turbines on environmental quality
and fish and wildlife.

Coal-Fired Power Plants

Coal-fired generation was clearly the most
controversial resource included in the
Council’s resource portfolio. As considered
by the Council, the environmental effects of
coal-fired generation span the entire fuel
cycle. Coal to fuel regional generators will
most likely come from strip-mines in east-
ern Montana or Wyoming. Exploration for
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coal can include drilling and blasting that
risk contamination of groundwater. Strip-
mining coal involves removing large
amounts of soil and other materials over-
lying the coalbeds. Federal law requires
reclamation of strip-mined lands and in-
cludes procedures for refilling and regrad-
ing, water protection, and revegetation, as
well as prohibitions against mining sensi-
tive lands, such as alluvial valley floors and
prime farm land. However, there is some
question whether these reclaimed lands
can sustain long-term productivity or estab-
lish a diversity of species characteristic of
native range. Because coalbeds often serve
as aquifers, their removal by mining often
disrupts groundwater and can dry up neigh-
boring wells used for domestic or stock
watering uses. According to public com-
ments, the resaturation of soils when mined
pits are refilled can degrade water quality.
The Council’s data indicates 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.

Extraction of coal releases large quantities
of dust into the air, hindering nearby live-
stock operations and decreasing local vis-
ibility. Opening mines in rural communities
can disrupt the stable agricultural economy
and culture as construction workers arrive
for short-term employment, and rapid
growth due to mining can overload local
social services such as schools and hospi-
tals and cause tension with earlier resi-
dents. Though some states and energy
developers provide local impact assistance
(often pursuant to state law), local resi-
dents often feel they are forced to subsidize
new development. According to public
commenters from coal regions, the severity
of “boom town” impacts are lessened some-
what when additional mines are sited in
areas that already have other energy devel-
opment and social structures.

The Council’s studies show thattransporta-
tion of coal to the generating plantincludes
various environmental effects, depending
upon the location of the generators. Mine-
mouth plants, those located where the coal
is mined, include fewer transportation ef-
fects. However, they concentrate all the
effects of both mining and generation in

one community, and increase the amount
of transmission lines required. Load-center
generation, where the coal is transported
long distances for generation where the
electricity is needed, somewhat eases the
effects on the community where the coal is
mined, butincreases transportation-related
effects. Most coal is transported via rail-
road, and in some areas new mines require
additional rail spurs. According to public
comments from Montana, these lines can
disrupt local farms and ranches by con-
suming valuable bottom land, hindering
drainage, increasing noise, and bisecting
fields and pastures. Use of unit trains
(trains consisting of up to one hundred coal
cars) can increase noise, coal dust pollu-
tion, and railroad crossing problems in the
rural towns they pass through.

Coal slurry pipelines have been proposed
to carry crushed coal suspended in water
from the Great Plains coal fields to generat-
ing plants in Washington and Oregon.
Council reports indicate that such pipelines
would require large quantities of water and
could pose serious water pollution prob-
lems at the terminus where the water must
be removed from the coal. Also, the pump-
ing systems required for such pipelines
would require large amounts of energy to
transport the coal several hundred miles.
Such pipelines would require rights-of-way
which could disrupt local land uses and
affect aesthetics.

According to Council reports and public
comments, coal generation can have seri-
ous air quality impacts. Though federal and
state laws require elaborate pollution con-
trol devices, all coal plants emit sulfur di-
oxide, nitrogen oxide, particulates (small
particles), carbon dioxide, and trace ele-
ments. Sulfur dioxide has demonstrated
detrimental effects on some crops, and is
suspected to be harmful to human health.
Along with nitrogen oxide, sulfur dioxide
can react in the atmosphere to form sul-
fates and nitrates which in turn cause acid
rain downwind from coal-fired generators.
Many commenters stated that the effects of
acid rain are controversial. Some suggest
that acid rain is responsible for harming
fish, vegetation, soil, and surface water.
Particulates can cause respiratory ailments
in humans and reduce the traditionally
excellent visibility in rural areas of the Great
Plains. Sulfates also reduce visibility.
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Although sulfur dioxide emissions can be
reduced through the use of “scrubbers”,
these devices in turn produce large amounts
of sludge as a byproduct. This sulfur-laden
sludge poses a solid waste disposal prob-
lem because it must be prevented from
leaching into local water supplies. Also, fly
ash left over from combustion of coal con-
tains various trace metals, and also must be
disposed of in a safe manner. Public com-
ments from Montana also suggested that
water demands for power plant cooling
could conflict with water needs for irriga-
tion, and that ponds used to store cooling
water can alter local water tables.

As with coal strip-mining, construction and
operation of coal-fired generators in rural
communities can cause ‘boom and bust’
impacts. When the plan moves out of con-
struction, it can cause rapid out-migration,
unemployment, and declining tax base.

As with any central station power genera-
tion, electricity generated at most coal-fired
power plants must be transported long dis-
tances to load centers using high-voitage
transmission lines. The Council's reports
indicate that siting these lines can change
local land use patterns, disrupt agricultural
operations, and cause aesthetic impacts.
Construction of lines through mountain-
ous areas can cause erosion as well as
interrupt wildlife habitat and recreational
pursuits, and clearing rights-of-way often
involves use of controversial herbicides
detrimental to fish and wildlife. Transmis-
sion line corridors may interfere with migra-
tory patterns of birds or big game. The
amount of electricity passing through high-
voltage transmission lines raises concerns
about noise, interference with local televi-
sion and radio reception, and risk of electri-
cal shock.

Itis in part because of its concern for these
effects of coal-fired generation that the
Council has included coal in the energy
plan only to meet loads under the unlikely
high or medium-high growth scenarios in
the late 1990’s. Because coal and nuclear
generation include serious environmental
effects, neither was considered preferable
from an environmenta!l standpoint. The
Council's decision to choose coal over
nuclear is based largely upon its judgment
that the lead times and sizes of coal plants
posed less risk than nuclear.

Nuclear Power Plants

The environmental effects of nuclear power,
described in data analyzed by the Council,
also span the entire fuel cycle. Uranium, the
fuel source for nuclear generators, is ex-
tracted by surface or open pit mining.
Exploration can involve drilling, blasting,
and road building that may contaminate
groundwater and disrupt wildlife habitat.
The Council’'s data indicates that many of
the same water pollution, air pollution, and
reclamation problems are encountered in
uranium mining as in coal mining. Also, the
radioactive nature of uranium ore poses
potential health risks to miners and persons
living near uranium mines. Milling opera-
tions which process uranium ore result in
large amounts of tailings, which are radio-
active waste materials that raise human
health concerns. These tailings must be
disposed of properly to avoid contamina-
tion of water sources or transportation by
the wind.

According to the Council’s data, construc-
tion 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
coal.

As mentioned above, the Council recog-
nizes that all central station power devel-
opment (including nuclear plants) includes
high-voltage transmission lines and their
associated effects. Operation of nuclear
power plants may also require large
amounts of water for cooling. Council stud-
ies indicate that water intake structures
may harm fish, and any thermal water dis-
charges can also be detrimental to fish.
Cooling systems can also discharge chem-
ical blowdown which may contaminate air
and water. Concerns regarding possible
nuclear accidents and meltdowns have
increased since the Three Mile Island inci-
dent in 1979.

The Council’s studies show that spent fuel
and other radioactive wastes from plant
operations require safe disposal. Spent fuel
must be either reprocessed to recover ura-
nium and plutonium or treated as waste.
Transport to and from reprocessing plants
again raises concerns regarding highway
accidents, accidental spillage, and theft.

Long-lived radioactive wastes must be iso-
lated for thousands of years. Pursuant to
federal statute, research is now underway
to identify suitable disposal sites. One
method of decommissioning or disman-
tling a nuclear plant requires the removal of
all fuel. Next, the plant is sealed and cooled
for ten years, during which time the site
must be monitored and isolated. The reac-
tor building is then covered to withstand
natural forces for two hundred years.

Based on the foregoing analysis, the Coun-
cil cannot discern in nuclear power plants
any environmental advantages sufficient to
outweigh the -planning considerations
favoring coal-fired power plants in the high
or medium-high growth cases.

Other Resources

Other resource technologies, although not
included in the Council’s resource portfolio
because of their high-cost or technical
infeasibility at this time, were duly con-
sidered by the Council for their potential
impacts. The two-year action plan calls for
a study of cost-effectiveness and operating
experiences of existing wind demonstra-
tion projects. The Council expects this
study to determine the feasibility and cost-
effectiveness of including 50 average mega-
watts in the next revision of its energy plan.
The Council estimates that wind genera-
tors will cause only minor environmental
effects. Though operation of some wind
turbines may create low-frequency noise,
this effect may be minor because genera-
tors will likely be located far from popula-
tion centers. Future wind power studies
should examine these potential effects fur-
ther and mitigation techniques should be
developed if necessary. Siting wind tur-
bines in areas of high wind may alter the
aesthetics of mountain passes and gorge
areas. Also, the need to avoid obstructions
around wind generators may require re-
strictions upon certain types of land use.
The Council recognizes that wind genera-
tors do not poliute the air or water, use
water, create solid waste, and may not
cause severe boom town effects. They do
not affect free-flowing rivers and can prob-
ably be sited with minimal impact on wild-
life habitat. When costs are reduced and
the technology matures, the Council ex-
pects wind power to be a desired energy
resource for the region.
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Solar electric generation is another re-
source not yet included in the Council's
portfolio because of present high costs and
immature technology. The Council's data
indicates that this technology also would
have relatively minor environmental im-
pacts. Solar systems using fluids to ex-
change heat raise a possibility of contami-
nation of water and land, albeit minor. A
typical solar-electric generation plant will
require installation of solar reflectors or
cells on large land areas and could affect
land use, wildlife habitat, and aesthetics.
How ever, because such plants would not
include major water or air pollution or solid
waste disposal problems, the Council ex~
pects that the impacts of solar-electric
generation would be minor compared to
the wide range of serious effects associated
with large-scale thermal electric genera-
tion. As this and other emerging technolo-
gies mature, the Council will gather addi-
tional, more detailed data concerning their
environmental effects, which will receive
careful consideration in all future Council
decisions regarding these resources.

Additional Fish and
Wildlife Concerns

Due Consideration Process

The requirement of due consideration for
fish and wildlife is in addition to the Act’s
mandate that the Council adopt a Colum-
bia River Basin Fish and Wildlife Program.
That program was adopted by the Council
on November 15, 1982, and is contained in
Volume Il of the energy plan.

The fish and wildlife program is, however,
limited to the Columbia River Basin. The
energy plan, on the other hand, must cover
the entire region. Also, the plan covers all
types of generating resources, while the
fish and wildlife program was limited to
dealing with the effects of the hydropower
system. Under the Council’'s energy plan,
resource acquisitions by Bonneville gener-
ally must comply with the plan's environ-
mental and fish and wildlife provisions.
Those acquisitions proposed within the
Columbia River Basin must also comply
with the provisions of the Council’s fish and
wildlife program.
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The Council's consideration of the rela-
tionship between energy supply and devel-
opment and the protection of fish and wild-
life began with its development of the
Columbia River Basin Fish and Wildlife
Program. Federal hydropower project oper-
ators and regulators must take that pro-
gram into account at each relevant stage of
decisionmaking to the fullest extent practi-
cable. Also, Bonneville must use its legal
and financial powers consistently with the
program. On December 16, 1982, the Coun-
cil also released an “Environmental Docu-
ment for the Columbia River Basin Fish and
wildlife Program.” That document des-
cribed consideration of the fish and wildlife
and environmental impacts of the Council's
Columbia River Basin Fish and Wildlife
Program. [t noted that, while some minor
environmental impacts might result from
implementation of the Council’s program,
its overall effect was to remedy effects that
had gone largely unmitigated for decades.
The document noted numerous ways in
which the Council's program would benefit
fish and wildlife in the Columbia River
Basin.

The effects of the Council's fish and wildlife
program were considered as the Council
developed its energy plan. For instance,
annually 450 average megawatts of energy
capability are estimated to be lost due to
use of the Council's Water Budget to pro-
vide adequate flows for migrating anad-
romous fish. This was taken into account in
the Council’'s estimate of the amount of
hydropower available to meet future
demand.

The costs of fish and wildlife mitigation and
protection measures required in the fish
and wildlife program were included as the
Council estimated costs of various re-
sources. As previously noted, also included
in the Council’s resource cost calculations
were the costs of pollution control technol-
ogy required by existing law. By reducing
or preventing air and water pollution, these
measures will benefit fish and wildlife.

Analysis of the Fish and Wildlife
Impacts of Hydropower
Development

Hydropower development can have serious
effects on fish and wildlife. Construction of
dams may create reservoirs that inundate
important wildlife habitat. However, as pre-
viously noted, the Council expects many of
the new hydropower projects to be run-of-
the-river projects without reservoirs. As
noted in the fish and wildlife program,
dams hinder migration of fish. Juvenile
anadromous fish passing downstream may
be slowed by the size of the reservoirs or
killed while passing through the dam’s tur-
bines. Successive dams and reservoirs on a
single river can eliminate the natural flush-
ing of migrating juvenile fish to the ocean
during the spring months. Without ade-
quate passage facilities, dams present bar-
riers to upstream migration as well. Water
level fluctuations above or below hydro-
power dams can disrupt fish spawning and
strand wildlife populations. Water impound-
ments caused by hydropower dams can
alter water temperatures to the detriment of
fish. Many comments from fish and wildlife
agencies, Indian tribes, and environmental
groups have expressed concern over the
role hydropower is expected to play in the
Council’'s resource portfolio. Some sug-
gested that the cumulative effects of many
small hydropower projects on certain stream-
reaches could be catastrophic to both
anadromous and resident fish.

Within the Columbia Basin, the Council's
fish and wildlife program includes a Water
Budget on the Columbia and Snake rivers
designed to provide adequate flows for
downstream migration. The Council’s pro-
gram also includes specific measures
across the Columbia Basin to assist fish in
upstream migration. These measures in-
corporate provisions for flows and spill as
well as fishways. The Council's program
includes measures applicable to the
Columbia Basin to minimize the harmful
effects of water level fluctuations, and tem-
perature control measures for specific
Columbia Basin dams.
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Thus, all future hydropower projects within
the Columbia Basin will be subject to spe-
cific provisions in the Council's program to
avoid or mitigate the above effects. The
program calls for consolidated review of all
applications or proposals for hydropower
development in a single river drainage
within the Basin. The Council intends such
review will assess cumulative effects of
existing and proposed hydropower devel-
opment on fish and wildlife. The program
also expects Bonneville to fund a study to
develop criteria and methods for assessing
potential cumulative effects of hydropower
development. The program calls on Bon-
neville to study alternative methods for
classifying and designating certain streams
and wildlife habitat in the Basin for protec-
tion from future hydropower development,
based upon their value for fish and wildlife
and their hydropower potential. Based upon
this study, the Council will designate stream-

reaches and wildlife habitat within the
Columbia Basin to be protected from fur-
ther hydropower development. Finally, the
program calls on the Federal Energy Regu-
latory Commission to require all license
applicants within the Basin to demonstrate
how their proposed projects would take the
Council's program into account to the ful-
lest extent practicable.

The conditions for Bonneville's support of
hydropower within the entire region (in-
cluded in Appendix E) are designed to
avoid or mitigate these kinds of effects de-
scribed above when they occur outside the
Columbia Basin. The plan also calls for a
study to identify and rank potential hydro-
power development sites within the entire
region. This ranking system will be based
upon many factors, including the projects’
risk to fish and wildlife populations and
habitat.

Although hydropower development in-
cludes serious risks to fish and wildlife, the
Council believes that the provisions of this
plan will minimize the effects of any future
hydropower development. Subjectto these
comprehensive measures, hydropower
development should cause relatively minor
environmental and fish and wildlife effects
compared to large-scale thermal genera-
tion. Dependent upon a renewable fuel,
hydropower avoids the air pollution, solid
waste, and mining effects of thermal power.
In fact, comments from the Corps of Engi-
neers and some utilities suggest that some
hydropower projects may benefit fish by
providing controlled flows and water
temperatures.
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“all actions of the Administrator
pursuant to section 6 of this Act
shall be consistent with the plan ...”

Chapter 10

Two-Year Action Plan

This chapter describes the actions that
Bonneville, the Council, and others will
take over the next two years. These actions
will enable Bonneville to be in a position to
acquire the most cost-effective resources
throughout the twenty years of this plan.

The Council has concluded that this two-
year plan should focus on enhancing the
region’s capability to (a) implement con-
servation, (b) develop smaller, more dis-
persed renewable resources, and (c)
shorten the lead time for the siting, licens-
ing, and construction of generating plants.
To accomplish those goals, Bonneville must
support programs to acquire cost-effective
conservation from all major consumer
groups (residential, commercial, govern-
mental, industrial, and agricultural). While
the rate of conservation acquisitions must
reflect the need for power in the region, the
development of the capability to acquire
conservation cannot wait. Bonneville must
be ready to respond on short notice with
conservation programs and resources if

power demands increase. Currently, Bon-
neville and the region’s utilitieshave limited
capability to implement conservation pro-
grams outside the residential sector. Bon-
neville must also begin developing resource
options. This includes completing the plan-
ning and regulatory activities on certain re-
sources and providing services to facilitate
the early development of resources that
might otherwise be lost to the region, such
as cogeneration. Finally, Bonneville must
conduct research, development, and de-
monstration projects to improve the infor-
mation on which future resource decisions
will be made.

It is not possible to forecast the precise
resources that will be most cost-effective
over the next twenty years. Resources cur-
rently projected to serve an unlikely, high
demand growth may ultimately be dis-
placed by new technologies and other re-
sources that become more cost-effective,
or may not be needed because high demand

growth does not materialize. To respond to
changes in demand growth, in available
resources, and in resource costs, the Coun-
cil will review this plan every two years. This
two-year process allows the Council to
provide much more detail in its conserva-
tion program and resource acquisition plan
for the beginning of the twenty-year plan-
ning period. General guidelines for resource
acquisitions appropriate to the later years
are inadequate during the early years when
Bonneville must start implementing spe-
cific conservation programs and acquiring
resources.

As described in previous chapters, this plan
forecasts regional electric power demands
for the twenty-year period over four separ-
ate demand growth conditions: low, med-
ium-low, medium-high, and high. The ac-
tions in this chapter will develop conserva-
tion programs and resource options that
are capable of meeting all demand growth
conditions.
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Figure 10-1 contains a summary of the
actions in this two-year plan.

These actions are designed to maintain or
improve Bonneville's ability to acquire con-
servation and other resources when they
are needed. Because of the current surplus
of power, this two-year plan does not
include the acquisition of any conservation
or other resource solely for the purpose of
acquiring power.

The Council has considered the financial
effect these conservation programs may
have on Bonneville and the region’s rate-
payers. The conservation programs are
expected to add only 3/100 of a cent per
kilowatt-hour (1980 dollars) to the electric
rates of consumers over the two-year period.
Figure 10-2illustrates the approximate rela-
tionship of the costs of these conservation
programs to the other costs that make up
Bonneville's budget.

The Council anticipates that this two-year
plan will have only minimal environmental
impacts. The major actions over the next
two years involve conservation, the most
environmentally benign energy resource.
To deal with the potential indoor air quality
effects associated with weatherization, the
Council's model conservation standards
include an infiltration package designed to
increase ventilation in houses with poten-
tial air quality problems. Moveover, con-
servation measures will create a significant
environmental benefit by helping to reduce
the need for additional generation of elec-
tricity from less environmentally desirable
resources. This two-year plan also calls for
acquiring options on several hydropower
sites in order to test the feasibility of
options. The actual development of these
sites could result in some environmental
and fish and wildlife impacts. The provi-
sions of the Council's fish and wildlife pro-
gram covering the Columbia River Basin
and this plan’s conditions for future hydro-
power development, along with the site-
ranking study of this two-year plan, are
expected to minimize those impacts. Other
actions in this plan are of a demonstration
nature and, as such, are undertaken in part
to develop a better understanding of envir-
onmental effects.

The Council has determined that the actions
in this two-year plan are cost-effective,

TRANSMISSION RELATED
Exchange, Deferral

4.4% ($98)

Operation and Maintenance, Depreciation
8.4% ($187)

Interest and Amortization
7.9% ($177)

WPPSS 1and 3
28.0% ($627)

Note: All Dollar Figures are in Millions

&
1

3

GENERATION RELATED

Metering and Billing

0.3% ($5)

e |Nterest and Amortization,
Operation and Maintenance,
Depreciation

7.4% ($167)

Corps, Bof R

4.0% ($90)

BPA

2.4% ($55)

Council and Fish and
Wildlife Program .8% ($18)

Conservation
2.3% ($51)

o New Resource Acquisition
0.7% ($14)

L— Trojan, Centralia, Misc., Deferral
33.4% ($752)

Figure 10-2.
Use of Bonneville Power Administration Revenues (FY 1983)

prudent, and necessary for Bonneville to
acquire the lowest cost resources consist-
ent with the priorities, considerations, and
other requirements of the Northwest Power
Act.

Section 4(d)(2) of the Act provides that all
conservation and resource acquisitions by
Bonneville “shall' be consistent with this
plan, except as otherwise specifically pro-
vided in the Act. Section 6 of the Act, deal-
ing with Bonneville resource acquisitions,
states:

“(b)(1) Exceptas specifically provided in
this section, acquisition of resources
under this Act shall be consistent with
the plan, as determined by the Adminis-
trator.

(2) The Administrator may acquire re-
sources (other than major resources)
under this Act which are not consistent
with the plan, but which are determined
by the Administrator to be consistent
with the criteria of section 4(e)(1) and
the considerations of section 4(e)(2) of
this Act.”

Any major resource acquisition is subject
to review by the Council and a Council
determination of consistency or inconsis-

tency with this plan. A major resource is a
resource with a planned capability greater
than 50 average megawatts that isacquired
for a period of more than five years.

The Council has used the word “shall’ in
this two-year action plan, when referring to
actions to be carried out by Bonneville, to
express the Council’s expectation tha these
actions can and should be implemented. It
is the sense of the Council that these
actions must be taken now for Bonneville to
be able to acquire the lowest cost mix of
resources over the next twenty years. The
Council will consider Bonneville’srecord in
implementing these actions as a part ofany
Council proceedings under section 6(c)(2)
of the Act, regarding the consistency of
major resource proposals with this plan. If
significant changes in circumstances occur,
this two-year plan can be revised at any
time by Council action.

To ensure proper coordination in the imple-
mentation of these actions, the Council
intends that all Bonneville actions in this
two-year plan shall be taken in consultation
with the Council. In addition, the Council
requests that by August 1, 1983 Bonneville
provide the Council with a schedule and
work plan for Bonneville’s responsibilities
under this chapter.
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Cost-Effectiveness

In ranking conservation and other resources
for this two-year plan, the Council gave
priority to resources it determined to be
cost-effective. Cost-effectiveness was deter-
mined by employing the strategic planning
model to identify resources that will meet
demands at the lowest cost. The resources
selected by use of the strategic planning
model were further evaluated by use of the
system analysis model. This model simu-
lates the actual operation of the Northwest
power system to determine the compatibil-
ity of resources with the existing regional
power system, including the sale of electric-
ity outside the region. The seasonal charac-
teristics of the resources, their compatibil-
ity with the existing power system, their
capital commitments and construction
periods, and their effects on the environ-
ment and fish and wildlife were considered
in determining cost-effectiveness. Other
considerations affecting the decisions in
this two-year plan included the value of
maintaining existing programs, the need to
acquire certain resources when the oppor-
tunities become available, and the need to
provide programs to ensure conservation
as an available, short-lead-time resource.

Cost-effectiveness is in part a function of
the pace and level of new resource devel-
opment. For instance, when a house is
weatherized, a decision must be made as to
what measures should be installed. Should
ameasure that costs 3.8 cents per kilowatt-
hour be installed? If so, should the next
most expensive measure, at 4.2 cents per
kilowatt-hour, also be installed? If the
Council had perfect knowledge of the future,
the solution would be relatively simple; all
measures would be installed that do not
exceed a levelized life cycle cost of the
most expensive resource planned for
acquisition. Because the Council cannot
determine what resources might be needed,
the Council must set this cost-effectiveness
limit with imperfect knowledge.

The Council has determined that for pur-
poses of these conservation programs, all
measures that have an installed cost at or
below 4.0 cents per kilowatt-hour are cost-
effective to the region and should be
installed. This 4.0 cents per kilowatt-hour
limit was selected based upon the cost-
effectiveness studies described above,
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which included comparative costs of other
resources. It represents alevel of conserva-
tion investment that, in the Council’'s analy-
sis, is cheaper than any thermal power
plant that may be needed during the twenty-
year planning period. The Council esti-
mates that the average cost of the conser-
vation programs will be 1.8 cents per
kilowatt-hour.

If a cost-effectiveness figure lower than 4.0
cents per kilowatt-hour had been selected
and less conservation were acquired, the
region would be foregoing cost-effective
opportunities for conservation; if demand
was to grow fast enough, the region would
later have to acquire a more expensive
thermal plant in place of the lost conserva-
tion. On the other hand, if the Council had
selected a higher cost-effectiveness figure,
the region would be purchasing conserva-
tion that would be more expensive than
thermal resources in this plan. The Council
will be re-evaluating this cost-effectiveness
limit as the extent of future demand growth
becomes more clear.

All costs in this two-year action plan, in-
cluding the regional cost-effectiveness level
of 4.0 cents per kilowatt-hour, are levelized
life-cycle costs expressed in 1980 dollars.
Levelized life-cycle costs were determined
using a 3 percent real discount rate and
conventional levelizing methods. (See
Appendix K, Volume I1, available on request,
for specific procedures and assumptions.)
For the purpose of determining the cost-
effectiveness of conservation, the costs of
administering conservation programs were
included. Conservation also receives bene-
fits from not having transmission and dis-
tribution costs and line losses and from the
10 percent cost advantage included in the
Act.

Transition Resources

Chapter 5 explains that the cost-effective-
ness of resources was determined based
upon all costs borne by the region'’s rate-
payers, rather than only those costs borne
by Bonneville. Viewing resource costs from
a regional ratepayer perspective requires
special consideration of so-called “transi-
tion plants,” those resources now built or
under construction that were not used to
meet regional demand in the year prior to
the enactment of the Act. Transition plants

(such as Boardman, Valmy 1 and 2, Col-
strip 3and 4, and the privately owned share
of WPPSS 3) were assumed in this plan to
be completed and to be available to meet
regional demand. They present a problem
because their incremental costs, the costs
to complete and operate them, are lower
from the viewpoint of the regional ratepay-
ers as a whole than their likely costs to
Bonneville if they were to be acquired. A
transition plant might be ranked as very
cost-effective from the regional ratepayers’
perspective but not cost-effective at all
from Bonneville’s perspective. Use of the
regional ratepayers perspective might
cause the apparent anomaly of Bonne-
ville’s having to acquire a relatively expen-
sive transition plant when conservation or
other resources that would cost Bonneville
less might be available. (The Council has
found that even on a “cost to complete”
basis WPPSS 4 and 5 would not be the
preferred thermal resources for meeting
high regional demand growth, if a decision
had to be made now. Otherwise, the Coun-
cil has assumed that all other resources
under active construction in the year prior
to the passage of the Northwest Power Act
will be completed.)

Acquisition of a major resource by Bonne-
ville requires that the acquisition be con-
sistent with this plan, with the Council
reviewing Bonneville’s decision and deter-
mining consistency. Necessarily, the deci-
sion on acquisition of a specific resource
involves more than the decision to include
generic resources in the plan. For instance,
while the Council gave due consideration
to environmental and fish and wildlife con-
cernsto the extent practicable when includ-
ing resources in the plan, the acquisition
decision will require such consideration on
a site-specific basis. Clearly, site-specific
information is not available at the time of
planning. The Council expects to take a
detailed look at all the consequences of any
proposed acquisition when determining
consistency.

Since Bonneville will not be needing any
additional resources in the immediate
future, and there is little danger that the
major transition plants which are complete
or near completion will be lost to the region
afterthe surplus is over, the Council believes
there currently is no need to resolve the
treatment of transition plants.
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When additional demands are placed on
Bonneville and one or several of the transi-
tion plants are offered for acquisition, the
Council anticipates that acquisition by Bon-
neville of a transition plant would be approp-
riate under the following conditions:

e The plant is included in this plan as
being necessary to meet regional loads;

* The acquisition price does not exceed
the fully allocated cost of the plant;

¢ The region does not experience signifi-
cantadditional environmental costs from
the acquisition; and

e The acquisition would result in net ben-
efits to the region through greater relia-

bility, lower total regional financing costs,
reduced environmental costs, or other
factors.

These conditions should be evaluated at
the time of acquisition.

Conservation Program

As explained under Cost-Effectiveness, the
Council has determined that conservation
investments are cost-effective to the region
if the installed cost of any measure does not
exceed 4.0 cents per kilowatt-hour saved.
The Council also has determined that it is
cost-effective for Bonneville to continue its
existing conservation programs (modified
as provided in this plan), despite the current

Table 10-1.

surplus. The region must not lose the bene-
fits of investments made to date or lose the
ability to accelerate conservation programs
when demand begins to grow. The effec-
tiveness of conservation programs depends
upon the involvement of all 8 million con-
sumers of electricity in the Northwest. A
program involving so many people must
not be subjected to repeated starts and
stops in response to short-term power re-
source conditions. Conservation is unigque
in the ability it offers to adjust to the pace of
resource acquisition that is needed. Conser-
vation can serve that function, however,
only if programs are developed, tested, and
maintained throughout the planning period.

Table 10-1 provides the two-year (1985),
five-year (1988), and twenty-year (2002)

Summary of Conservation Acquisition Plan by Forecast

(Average Megawatts, Exclusive of Line Losses)

HIGH MEDIUM HIGH MEDIUM LOW LOW
SECTOR/END USE 1985 1988 2002 1985 1988 2002 1985 1988 2002 1985 1988 2002
Residential
Existing Space Heating 65 160 520 65 160 440 65 160 475 65 160 160
New Space Heating 5 75 855 5 35 505 5 25 305 5 10 125
Water Heating 3 5 510 3 5 420 3 5 200 3 5 5
Other Appliance 2 5 355 2 5 260 2 5 200 2 5 5
Sector Total 75 245 2,240 75 205 1,625 75 195 1,180 75 180 295
Commercial
Existing Structures 20 90 720 20 90 630 20 90 605 20 90 90
New Structures 15 50 615 15 45 370 15 35 230 15 20 140
Sector Total 35 140 1,335 35 135 1,000 35 125 835 35 110 230
Governmental
Sector Total 10 15 15* 10 15 157 10 15 157 10 15 15"
Industrial
Sector Total 15 45 545 15 45 545 15 45 545 15 45 45
Agricultural
Existing 15 35 300 15 35 300 15 35 300 15 35 35
New 0 0 85 0 0 85 0 0 85 0 0 0
Sector Total 15 35 385 15 35 385 15 35 385 15 35 35
Existing Power System
Efficiency Improvements b i 270 o - 270 - - 270 = e 40
TOTAL 150 480 4,790 150 435 3,840 150 415 3,230 150 385 660

“Twenty-year target will be revised based on Council assessments of conservation potential in this sector scheduled for completion during the next two
years.

“*Two- and five-year targets have not been established for power system efficiency improvements.
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conservation targets for each of the Coun-
cil’'s four growth forecasts.

This table reveals that depending upon the
rate of economic growth, the Council fore-
casts that the region should acquire be-
tween 660 and 4,790 megawatts of conser-
vation by the year 2002 (in the low growth
forecast, conservation programs and model
conservation standards would add approx-
imately 400 megawatts more than the esti-
mate of regional needs over the twenty-
year period). During the next two years the
residential sector conservation provides
approximately 50 percent of these savings,
the commercial sector 25 percent, the
governmental sector 5 percent, the indus-
trial sector 10 percent and the agricultural
sector 10 percent (see figure 10-3). Bonne-
ville should diversify its conservation efforts
to develop capability in all sectors. The
pace of these programs has been designed
to enhance the region's ability to finance,
develop. test, and implement new programs
that serve all sectors, while taking the cur-
rent surplus into account.

The conservation programs described in
this chapter address problems that have
hindered conservation efforts during the
past decade. The Council believes the
plan’s conservation programs must be am-
bitious if conservation is to fulfill the role
assigned to it by Congress. The Council
will monitor these programs closely to
ensure that the lessons learned can be
translated into revisions to the plan and can
result in improved confidence regarding
the reliability of the region's “conservation
resource.”

The general aim of the Council's conserva-
tion programs is to build the capabiiity of
the region’s conservation system to ensure
that, as the current power surplus dimin-
ishes. Bonneville, utilities, state and local
governments, and the private sector will be
able to acquire cost-effective conservation
at a pace sufficient to meet the Council’'s
long-run conservation targets. This will
require the development and implementa-
tion of new conservation programs as well
as the modification of existing programs. in
addition to bolstering the region’s conser-
vation system, the programs are designed
to promote efficiency, diversity, competi-
tion, and equitable distribution in the provi-
sion of conservation services.

10-6

Residential ——
50%

Agriculture
10%

INAUSErIal —

10% {
Governmental ——-J

5%

Commercial
25%

Figure 10-3.
Conservation Savings—High Forecast

Bonneville's basic role in this overall scheme
is to provide financial assistance for con-
servation improvements that are cost-effec-
tive for the region. To guarantee that such
regionally financed improvements are ac-
complished efficiently and effectively, the
Council's program includes requirements
designed to avoid repeated retrofits of the
same building, to ensure quality in work-
manship. and to improve the skill and accu-
racy of those individuals who determine
which conservation measures are cost-
effective for a specific building. In addition,
the programs define a number of actions to
improve the operation of the market for
conservation services and include research
and demonstration projects to improve
information about indoor air quality, solar
space and water heating, heat pump water
heaters, and other matters of interest to the
region’s consumers.

References are made in this two-year action
plan to the implementation of certain pro-
grams “throughout the region.’ Specifically,
these programs relate to (a) reimbursing
code enforcement agencies for certain in-
cremental costs associated with the model
conservation standards, (b) providing edu-
cational programs regarding the model
conservation standards, and (c) providing
consistent procedures for certifying com-
pliance with the model conservation stand-

ards. The Council intends that funding for
these programs be provided regardiess of
the status of local utility contracts with
Bonneville and the specifics of local gov-
ernment and utility boundaries. The Coun-
cil made this decision because (a) utilities
thatare not currently placing their demands
on Bonneville could do so during the
twenty-year planning period, and (b) en-
forcement of the model conservation stand-
ards and education and certification pro-
grams must be implemented regionwide to
be effective.

Finally, the Council’s programs envision
the development of a decentralized market
for the delivery of conservation services in
the region. There are provisions designed
to encourage a more active role for quali-
fied private contractors in the marketing of
conservation services. The programs aim
to encourage local utilities, state and local
governments, and private firms to contract
directly with Bonneville to provide conser-
vation savings. This decentralization will
help serve the diverse needs of the region
as well as increase the overall capabilities
of the region’s conservation system.

The conservation programs focus on the
attainment of six long-term goals:

e Make existing and new residential and
non-residential buildings as cost-effi-
cient as current technology and life-
cycle economics allow;

e Operate buildings that use electricity in
an energy-efficient manner;

* Use renewable resources, in particular
passive solar applications, in new and
existing residential and non-residential
buildings where their use is economi-
cally justified;

e (Causeindustrial electric processes, com-
mercial equipment, and household appli-
ances to be as energy-efficient as cur-
rent technology and life-cycle econ-
omics allow;

¢ Cause energy-management considera-
tions to be an integral part of the plan-
ning and administrative processes of
local and state governments and the pri-
vate sector; and
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e Make arrangements to allow govern-
ment, utilities, and the private sector to
share energy-management resources,
information, technical expertise, and
experience,

These conservation programs are discussed
by sector: residential, commercial, indus-
trial, irrigation, and state and local govern-
ments. Where appropriate the sectors are
separated into programs for new and exist-
ing buildings, and specific acquisition tar-
gets are provided. A separate discussion of
power system conservation also is provided.

1. Residential Sector—
Existing Buildings

Bonneville currently offers a residential
conservation program for existing build-
ings. Because of the present surplus of
power, the program is being operated at
what Bonneville regards as the minimum
level of activity necessary to maintain the
region’s conservation delivery system for
the sector. The Council has decided upona
number of changes that are to be incorpo-
rated into Bonneville’s program at this time.

A fair and effective residential conservation
program must be able to achieve cost-
effective energy savings in dwellings occu-
pied by all kinds of households. Current
studies demonstrate that utility conserva-
tion programs in the Northwest have not
been successful in reaching low-income
and rental households. The reasons are
clear. Conservation programs that do not
pay the full cost of the measures exact an
entrance fee from the homeowner. Access
to the program is dependent upon the
homeowner’s ability to bear the unreim-
bursed costs. This situation is aggravated if
the program requires, as the Council’s pro-
gram does, the installation of all structurally
feasible and regionally cost-effective mea-
sures as a condition of receiving Bonneville
financial assistance. The homeowner can-
not trim costs by rejecting cost-effective
measures. For households with a low in-
come, cost becomes a barrier to participa-
tion. For tenants, it makes little sense to pay
for weatherizing the landlord’'s property.
For landlords, cost and competitive market
conditions can often make weatherization
a poor investment. Moreover, in the case of
both low-income households and tenants,

there is reason to believe that improved
marketing of conservation programs could
improve participation rates.

Section 6(k) of the Northwest Power Act
requires that Bonneville distribute the ben-
efits of its resource programs “equitably
throughout the region.” The Council has
concluded that this requires reasonable
access to residential conservation benefits
by both low-income consumers and tenants.

Tobolster the conservation system serving
low-income households and tenants, this
plan includes (a) a low-income program
that pays 100 percent of the actual cost of
all cost-effective conservation measures,
and (b) penetration rates for low-income
households and tenants which are at least
proportionate to their respective shares of
all electrically heated households in some
reasonably defined geographic area (such
as acity, county, or utility service area). For
example, if 30 percent of the electric heat
customers in a utility’s service area are
tenant-occupied units, then at least 30 per-
cent of the electric heat units weatherized
each year must be renter-occupied.

Bonneville's conservation program for exist-
ing residential buildings shall:

1A. Include all regionally cost-effective
measures (including direct application re-
newable resources) that conserve electric-
ity in existing residential buildings which
use electricity for space heating or water
heating. The program shall include both
owner-occupied and rental buildings.

1B. Require an audit of the building as a
condition of receiving Bonneville financial
assistance. The audit shall identify all struc-
turally feasible and regionally cost-effective
conservation measures.

1C. Require, as a condition of receiving
Bonneville financial assistance, the installa-
tion of all structurally feasible and region-
ally cost-effective conservation measures.

1D. Provide financial assistance at levels
not lower than Bonneville's current pro-
gram, which will achieve the Council's
energy savings target in the residential sec-
tor, and which will achieve penetration

rates for low-income and tenant-occupied
electrically heated households at least pro-
portionate to their respective shares of all
electrically heated households in a reason-
ably defined geographic area (e.g., city,
county, or utility service area). In no event
shall the amount of financial assistance for
any measure exceed 4.0 cents per kilowatt-
hour.

1E. Provide aprogram that pays 100% of
the actual cost of all structurally feasible
and regionally cost-effective conservation
measures for low-income households, at a
cost not to exceed 4.0 cents per kilowatt-
hour saved. This program shall be made
available to households with an annual
income below that specified in the formula
below.

Percentage of

Median City or  Exampile Based on
County Household Regional Median
Household Size Income Income*
1 54% $12,455
2 62% 14,300
3 70% 16,146
4 78% 17,911
5 83% 19,144
6 88% 20,297
7 93% 21,450
8+ 98% 22,604

*Shown for illustrative purposes only. Actual
income will vary by city or county median
income level.

1F. Provide only for hot water efficiency
improvements resulting from the installa-
tion of hot water heat pumps and solar
water heaters. Because the expected life-
time of water heater wraps and thermal
improvements to existing tanks is less than
the length of the current surplus, these
measures are not included at this time.

1G. Provide forlocal utility or other quali-
fied inspection of the conservation meas-
ures before the payment of any financial
assistance to the contractor or homeowner
and release of the contractor's bond.

1H. Permit and encourage bonded, qual-
ified private contractors to solicit a con-
sumer's business directly, without first going
through the local utility. This can be done,
for example, through the use of general
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contractors who audit the building for sav-
ings of electricity and provide a bid for all
structurally feasibie and regionally cost-
effective conservation measures. Following
approval by Bonneville or the local utility,
the measures could then be installed by the
general contractor or by subcontractors.

1. Permitand encourage individual enti-
ties other than utilities (such as state and
local governments and private firms) to
contract directly with Bonneville to provide
savings in electric space heating.

1J. Provide certification of energy-effi-
cient electrically heated rental property
units.

Bonneville Actions
Bonneville shalil:

1.1 Modify its existing residential con-
servation program to incorporate the fea-
tures previously described and to achieve
the following rate of acquisition:

¢ By September 30, 1985, acquire 65 mega-
watts.

e By September 30, 1988, acquire a total
of 165 megawatts of which 5 megawatts
shall be acquired through the installa-
tion of heat pump water heaters or solar
water heaters.

1.2 Continue and expand programs such
as the Energy Extension Service, which
provide technical assistance to residential
consumers of electricity.

1.3 Undertake demonstration programs
to test the feasibility, effect on market pene-
tration, and cost-effectiveness of a variety
of conservation delivery systems including
contracting directly with private energy
services firms and local governments to
secure residential conservation. Demon-
stration programs should be selected to
reflect adequately the diverse circum-
stances in the region.

1.4 Develop criteria for the acceptance of
programs designed by individual entities
(utilities, local and state governments, pri-
vate firms, etc.) to market residential space
and water heating savings directly to Bon-
neville.
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1.5 Establish a certification system and
training program for auditors which ensures
that they will correctly apply the plan's
cost-effectiveness criteria in determining
the measures to be installed in each build-
ing. As a part of that process, Bonneville
should evaluate methods for caiculating
energy consumption and savings. These
methods should be suitable for use by audi-
tors, and the most accurate method for use
in the field should be chosen.

1.6 Develop and implement a demon-
stration program to monitor the perform-
ance and cost of solar and heat pump water
heaters and passive solar space heating
designs in each climate zone. This program
shall include at least 600 solar water heat-
ers. This program shall be carried out in
cooperation with utilities, state and local
governments, trade and professional asso-
ciations, and other interested parties.

1.7 Design and implement a field re-
search program to identify mechanisms
that will ensure quality control for all mea-
sures, specifically including wall insulation
and infiltration control measures.

1.8 Design and implement a research
program to assess (a) the effect of reduced
air infiltration in weatherized homes on the
presence of indoor air pollutants, and (b)
the effectiveness of mitigation techniques.

1.9 Provide technical and financial assist-
ance to the shelter industry (builders,
lenders, appraisers, etc.) for the implemen-
tation of a uniform. region-wide energy-
efficiency rating system for existing resi-
dential buildings. This system shouid be
similar to that used by the Environmental
Protection Agency to provide consumers
with information about automobile fuel
efficiency. The rating system should be
usable by the homebuilding and lending
industry and by potential home buyers to
estimate future use of electricity and to
assess qualification for home loans. This
rating system should be consistent with
that developed for new residential build-
ings (see Bonneville action 2.7). This sys-
tem shall be fully implemented on or before
January 1, 1986.

Council Actions
The Council will:

110 Conduct a review of conservation
programs in the region to determine whether
the penetration rates among low-income
and tenant households meet the criteria set
forth above.

1.11  Conduct a review of the effect that
various financial assistance levels and edu-
cation programs have had on participation
rates in programs currently offered in the
region and eisewhere. The anaysis will
include an examination of participation by
income group and by ownership status.

112 Conductresearch to assess the effec-
tiveness of alternative conservation deliv-
ery systems and financing approaches,
inciuding full-cost reimbursement for all
residential consumers regardless of income
or ownership status. These projects will
assess the effect of each alternative on:

e Desired penetration rates.
® Program costs.
e Potential versus actual savings.

113 To the extent practicable, these re-
search objectives will be coordinated with
Bonneville programs currently in place or
those soon to be implemented, such as the
Hood River and Elmhurst projects.

In addition to these changes, the Council
intends to examine the approach described
below as a potential change to Bonneville's
residential conservation program for exist-
ing buildings.

Bonneville’s current practice requires that
each residential structure undergo a com-
prehensive audit before participating in the
conservation “buy-back” program. Bonne-
ville then pays up to 29.2 cents for each
kilowatt-hour estimated to be saved in a
retrofit house during the first year. This
method for caiculating the payment for
conservation savings has an apparent prob-
lem in that the payment varies substantially
based on the condition of the house and its
location. For example, conservation meas-
ures applied to a house in a cold climate
zone will save substantially more electricity
than if applied to a house in a moderate
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climate zone, and therefore will be eligible
for a higher payment. However, the cost of
installing the conservation masures does
not vary significantly between climate
zones.

The Council will consider an alternative
method for calculating the payment for sav-
ings of electricity that adjusts for the cli-
mate zone and existing condition of each
house. To reduce the administration costs
associated with each audit, this alternative
would offer financing for those conserva-
tion measures which on average have been
identified as being cost-effective to the
region. (Those utilities desiring to provide
comprehensive audits, or which are re-
quired by federal law to do so, may con-
tinue that practice.) If it is determined that
certain measures are on average cost-
effective to the region and these measures
are not present in the house, then the mea-
sures would be eligible for Bonneville fi-
nancing. One advantage of this alternative
is that it may reduce the number and length
of visits to the house.

This alternative involves five steps. First, the
Council would identify all conservation
measures which on average are cost-effec-
tive to the region. Second, the Council
would determine the average cost of those
measures on a cost per square foot basis,
assuming that the measures must be struc-
turally feasible. Third, Bonneville, in con-
sultation with the Council, the region’s utili-
ties, and others, would establish a financing
rate which would cover a percentage (up to
100 percent) of the average cost of region-
ally cost-effective measures. More than one
financing rate may be necessary to achieve
the penetration rates for low-income and
renter households and tenants as required
in this plan. The average cost multiplied by
the financing rate would yield the acquisi-
tion price. Fourth, the consumer would be
required to secure at least three contractor
bids (one of which the consumer may pro-
vide) and to have all structurally feasible,
regionally cost-effective measures instailed.
Fifth, upon inspection and approval of
completed work, the consumer would re-
ceive a payment equal to the lower of (a)
the low bid, or (b) the acquisition price (i.e.,
the regional average cost of the work mul-
tiplied by the "financing rate").

The Council will seek public comment on
this and other alternatives before including
any change in the plan. The Council will
soon begin a process to consider this mat-
ter. In the meantime, Bonneville should
ensure that the alternative described above
is considered in its conservation programs
and contracts and that no action is taken
which would prevent its implementation.

Expected Cost and Savings of Electricity

Through this program, Bonneville shall
acquire 165 megawatts of savings during
the next five years. The Council estimates
that the average cost of these savings will
notexceed 1.9 cents per kilowatt-hour. The
marginal cost of individual conservation
measures shall not exceed 4.0 cents per
kilowatt-hour. These measures are expected
to result in an average savings per building
of at least 3,200 kilowatt-hours per year for
space heating (a reduction of approximately
35 percent).

2. Residential Sector—
New Building Standards

New buildings present one of the most sig-
nificant opportunities for achieving cost-
effective conservation. The instaliation of
measures is far less expensive at the time of
construction, and many conservation meas-
ures can be incorporated into construction
but cannot be installed later without mak-
ing structural changes to the building. With
residential buildings lasting 50 years or
more, it is vital to ensure that any building
using electric space heat is built to efficient
standards—even during periods of surplus.

These model conservation standards have
been developed to ensure that new residen-
tial buildings using electric space heat are
buiit to produce all the savings of electricity
that are economically feasibie for the con-
sumer. To allow adequate time for local
review, adoption, and implementation of
these standards, the Council has decided
that the standards will become effective for
all residential buildings that receive build-
ing permits on or after January 1, 1986.

The Council's model standard for new resi-
dential buildings specifies only the maxi-
mum electric energy use permitted for

space heating in a new building. It allows
designers and builders to select any means
to achieve the specified energy-use budget.
For example, a house could attain the
Council's standard by increasing the
amount of insulation, by using a passive
solar design, by heating with geothermal
energy, or by combining all three
approaches.

The performance standards for the space
heating requirements of single-family and
multi-family dwellings are shown below:

Climate Zone*

1 2 3
Building Type  (kWh/sq t/yr) (kWh/sq ft/yr) (kWh/sq f/yr

Single~

Family 2.0 26 3.1
Multi-

Family 1.2 23 2.8

*Climate zones are based on the number of heat-
ing degree days experienced in a particular
location (Zone 1: less than 6,000; Zone 2: 6.000
to 8,000; Zone 3: in excess of 8,000).

These standards are based upon the cost of
electricity, using the Council's method of
estimating space heating needs. Other
methods may produce different results for
the same measures. However, the Coun-
cil's estimates of the electricity used by
energy-efficient homes in the Pacific North-
west are accurate to within less than 7 per-
cent of their actual use. Also, the Council
has not analyzed the economic feasibility
of these standards for consumers of other
space heating fuels.

These model conservation standards may
be adopted and enforced by a state or local
government or by utilities where utilities are
legally authorized to do so. Those entities
which choose not to adopt and enforce the
applicable standards should prepare an
alternative plan for achieving savings that
are comparable to those achievable through
the use of the standards. The alternative
plan may employ electric service require-
ments, rate designs, or any other technique
for achieving conservation. Failure to imple-
ment the standards or achieve comparabie
savings will subject utilities to the sur-
charge provisions of this plan (see Method
for Calculating Surcharges, Appendix D).
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Actions

State governments, local governments, or
utilities should:

21 ByJanuary 1, 1986, adopt and enforce
the applicable model conservation stand-
ards for new electrically heated residential
buildings; or

22 ByJanuary 1,1986, adoptand enforce
an alternative plan for achieving savings
comparable to those that would be achieved
through implementation of the applicable
model conservation standards. This plan
should be developed by or in cooperation
with the electric utility or utilities serving the
jurisdiction.

Suggested approaches to achieving these
residential performance standards are pro-
vided in Appendix J (Volume !, available
on request).

Bonnevllle Actions
Bonneville shall:

2.3 Develop a consistent procedure for
certifying compliance with these model
standards. This procedure shall be availa-
ble on or before January 1, 1985 and shall
be offered throughout the region.

24 Develop a procedure to review and
evaluate alternative plans to achieve com-
parable savings. This procedure shall be
available on or before January 1, 1985.

2.5 Develop and implement an educa-
tion program regarding the provisions of
these model standards for builders, archi-
tects, designers, real estate appraisers, code
officials, and lending institutions. This pro-
gram shall be in place and operating by
January 1, 1985 and shall be offered
throughout the region.

2.6 Assist the U.S. Department of Hous-
ing and Urban Development to develop
and adopt electric energy-efficiency stand-
ards for manufactured housing in the Pacific
Northwest. The standards should be cost-
effective for the region and economically
feasible for owners of manufactured hous-
ing. To the extent practicable, these stand-
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ards should be consistent with the stand-
ards in this section for other types of
construction.

27 Providetechnical and financial assist-
ance to the housing industry (including
builders, lenders, appraisers, etc.) for the
implementation of a uniform regionwide
energy-efficiency rating system for new
residential buildings. This rating system
should be similar to that used by the Envir-
onmental Protection Agency to provide
consumers with information about auto-
mobile fuel efficiency. The rating system
should be usable by the homebuilding and
lending industry and potential home buy-
ers to estimate future use of electricity and
qualification for home loans. This rating
system should be consistent with that used
for existing residential buildings. (see Bon-
neville action 1.9). This system shall be fully
implemented on or before January 1, 1986.

2.8 Develop and implement a program
which provides incentives for meeting these
model standards in residential buildings for
which building permits are issued before
January 1, 1986. The program shall be de-
signed to result in at least 25 percent of the
new residential buildings being built to the
Council’s model standard between Janu-
ary 1, 1984 and January 1, 1986. This pro-
gram shall include:

* Certification by the local utility, local
government, or by independent apprais-
ers of houses which meet or exceed the
applicable model standard.

® A public education and marketing pro-
gram which emphasizes the energy-
savings features and value of houses
that achieve the model standard.

e [Efficiency awards to builders of houses
which meet or exceed the applicable
model standard.

2.9 Develop and initiate a program to
provide financial incentives to homeowners
where governmental entities have adopted
and enforced the model standard, or a qual-
ifying alternative plan, prior to January 1,
1986. The incentives provided in this pro-
gram should be based on the estimated
amount of electric energy to be saved by
the dwelling (compared to an equivalent
dwelling built to current code) between the

time it receives its final certificate of occu-
pancy and January 1, 1986. The incentive
payment should be set at 4.0 cents per
kilowatt-hour saved.

2.10 Pay for the incremental cost above
that required to meet current code for a
sample demonstration of houses built to
the model standards. This program shall
include:

e A sample of at least 1,000 single-family
and 200 multi-family buildings which
are separately metered for space heat-
ing, waste heating, and other appliance
uses. The buildings should be located in
proportion to population distribution
across the region. The Council will con-
sider a reduction in the sample size
upon a demonstration that statistically
significant results can be obtained with
a smaller number of units.

* A measurement of the level of air infiltra-
tion and indoor air quality for the model
houses.

e (ccupant data, including the type and
number of appliances owned, family
size, use of wood heat, thermostat set-
tings, indoor air temperature, and other
information determined in consultation
with the Council.

® A control group of comparable build-
ings built to current code or practice.

These demonstration houses shall be in-
cluded in the number of houses built to the
Council's model standards between Janu-
ary 1, 1984 and January 1, 1986, under the
incentive program provided in action 2.7.

The program measures described in actions
2.3, 2.5, and 2.8 shall be carried out in
cooperation with state and local govern-
ments, utilities, trade and professional
associations, and other interested parties.

Councii Actions
The Council wili:

211 Investigate the feasibility of incorpo-
rating the Council’'s model standard for new
residential buildings into the International
Congress of Building Officials (1.C.B.O.)
Uniform Building Code.
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212 Investigate potential additions to the
model standard for new residential build-
ings; in particular, the establishment of
energy performance budgets for water
heating.

Expected Cost and Savings of Electricity

The Council estimates that these model
standards will produce at least 35 meg-
awatts of space heat savings in new build-
ings built during the next five years, assum-
ing the Council's medium-high growth rate.
The Council estimates that the average
cost of these savings will not exceed 2.0
cents per kilowatt-hour and projects that
these standards will reduce space heating
use by 60 percent. The Council further
estimates that the cost to Bonneville of
implementing these standards will not ex-
ceed 4/10 of a cent per kilowatt-hour. The
marginal cost of any individual conserva-
tion measure needed to achieve these mod-
el standards shall not exceed 4.0 cents per
kilowatt-hour.

3. Residential Sector—
Conversion Standard

It does little good to require that all new
residential buildings with electric space
heating satisfy model conservation stand-
ards if houses that are not built with electric
space heating can be converted to electric-
ity freely. The region would be inviting con-
sumers to circumvent the new building
standards. On the other hand, it would be
unreasonable to require that all houses
meet the new building standard before they
can be converted to electric space heating,
because certain conservation measures are
not structurally or economically feasible in
older buildings. To reconcile these differ-
ences, the Council has developed a model
conservation standard specifically for resi-
dential buildings that were granted building
permits before January 1, 1986 and are
being converted to electric space heating.
Residential buildings that are granted build-
ing permits after January 1, 1986 will be
required to meet the new building stand-
ards (Action 2) if and when they are con-
verted to electric space heat.

This standard will ensure that buildings
converted to electric space heat from other
fuels will meet minimum energy-efficiency

requirements. This standard may be adop-
ted by state or local governments or by
utilities where they are authorized to do so.
Entities which choose not to adopt this
standard should prepare an alternative plan
that will result in savings which are com-
parable to the savings achievable through
this model standard. Failure to implement
this standard or achieve comparable sav-
ings will subject utilities to the surcharge
provisions of this plan (see Method for Cal-
culating Surcharges, Appendix D).

Actions

State governments, local governments, or
utilities should:

3.1  ByJanuary 1, 1986, adopt and enforce
the model conservation standard described
in Appendix L for the conversion of resi-
dential buildings to electric space heating;
or

3.2 ByJanuary1, 1986, adopt and enforce
an alternative plan for achieving savings
comparable to those that would be achieved
through implementation of the model
standard.

Appendix L is contained in Volume Ii,
which is available on request. The standard
shall be effective for all conversions in
which the electric space heating system is
installed on or after January 1, 1986.

Bonneville Actions
Bonneville shall:

3.3 Develop a consistent procedure for
certifying compliance with this model
standard. The procedure shall be available
on or before January 1, 1985, and shall be
offered throughout the region.

3.4 Develop and implement an educa-
tion program regarding the provisions of
this model standard for electricians, fur-
nace dealers, home builders, architects,
designers, real estate appraisers, code offi-
cials, and lending institutions. This pro-
gram shall be in place and operating by
January 1, 1985, and shall be offered
throughout the region.

3.5 Develop a procedure to review and
evaluate alternative plans to achieve com-
parable savings. This procedure shall be
available on or before January 1, 1985.

The program measures described in actions
3.3 and 3.4 shall be carried out in coopera-
tion with state and local governments, utili-
ties, trade and professional associations,
and other interested parties.

Expected Cost and Savings of Electricity

The Council evaluated the potential con-
version to electric heat of unweatherized oil
and gas heated houses. This assessment
revealed that each conversion could cost
the region in excess of $8,300 per building
in new resource requirements over the next
twenty years. The Council estimates that
the model standard will reduce the annual
electric space heating needs in an average
house by approximately 5,000 kilowatt-
hours. These savings will reduce the cost of
new resource requirements by more than
$3,100 per building by requiring weatheri-
zation prior to conversion to electric heat.
Total regional savings will vary depending
on how consumers respond to future oil
and natural gas prices.

4. Residential Sector—
New Appliances

The Council decided against adopting mod-
el conservation standards for new appli-
ances because appliances now on the
market already meet the California appli-
ance efficiency standard and any new
standard for appliances should be coordi-
nated with other states.

Nevertheless, a demonstration program
would be useful to determine whether finan-
cial incentives could produce cost-effective
appliance efficiency savings. Many con-
sumers are unaware of the attractive eco-
nomics of purchasing a slightly more ex-
pensive, but markedly more efficient, new
refrigerator, freezer, or water heating sys-
tem when they replace their current appli-
ance. In addition, many major appliance
purchases are made by third parties, such
as builders and rental property managers,
who have little incentive to select efficient
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models. This program is designed to en-
courage the purchase of new and replace-
ment appliances which are more energy
efficient. This program focuses initially on
incentives, while investigating the neces-
sity and desirability of adopting standards
in the future.

Bonneville's program for new appliances
shali:

4A. Focusintially on refrigerators, freez-
ers, water heaters, space and water-heating
heat pumps, and solar water heaters.

4B. Provide dealer and/or customer in-
centives based on the efficiency of new
appliances compared to the shipment
weighted efficiency of comparabile models
sold the previous year.

4C. Allow manufacturers and distribu-
tors to receive direct payments from Bon-
neville for appliance savings of electricity
verified by actual appliance sales invoices.

4D. Offer financial incentives, including
incentives to dealers, sufficient to reduce
the number of older and less-efficient re-
frigerators and freezers that are being oper-
ated in the region.

Bonnneville Actions
Bonneville shall:

4.1 Develop andimplement aregionwide
appliance efficiency demonstration pro-
gram which incorporates the features de-
scribed above. This program shall achieve
the following rate of acquisition:

e By September 30, 1985, acquire 2 mega-
watts.

e By September 30, 1988, acquire a total
of 5 megawatts.

The program should assess the feasibility,
cost-effectiveness, and effect on market
penetration of (a) offering direct financial
incentives to manufacturers, distributors,
and/or dealers to encourage the sale of
energy-efficient major electric appliances,
and (b) offering third-party purchasers (e.g.,
builders, rental property managers, etc.)
direct financial incentives to install energy-
efficient major electric appliances.
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4.2 Fund a field research project which
assesses the effect of energy-efficient appli-
ances, including heat pump water heaters,
on the space heating requirements of fully
weatherized residential buildings and new
residential buildings that meet the Coun-
cil's model standards.

4.3 Develop and implement (in coopera-
tion with utilities, trade and professional
associations, educational institutions, com-
munity organizations, and other interested
parties) education and marketing programs
regarding energy-efficient appliances for
distributors, dealers, and purchasers
(homeowners, rental property managers,
etc.).

Council Actions
The Council will:

4.4 Assessthe effect of incentive, educa-
tion, and marketing strategies and pro-
grams on consumer purchases of energy-
efficient residential appliances.

4.5 Investigate, in conjunction with other
states (inciuding California), the desirabil-
ity and feasibility of establishing uniform
appliance efficiency standards.

Expected Cost and Savings of Electricity

Bonneville shall acquire 5 megawatts of
energy savings from more efficient appli-
ances during the next five years. The Coun-
cil estimates that the average cost of these
savings will not exceed 1.6 cents per kilo-
watt-hour. The marginal cost of individual
appliance conservation savings shall not
exceed 4.0 cents per kilowatt-hour.

5. Commercial Sector—
Existing Buildings

Bonneville does not currently offer any
conservation program for existing com-
mercial buildings (other than government
or institutional buildings). This plan calis
for the development of a program for this
sector which will provide approximately 20
percent of all conservation savings over the
next five years assuming the Council's
medium-high growth forecast. The rate of
acquisition for this program has been estab-
lished at a minimum level to develop and

maintain the region’s ability to acquire con-
servation in this sector.

Bonneville’s conservation program for this
sector shall:

5A. Include all regionally cost-effective
measures in existing commercial buildings
that use electricity for space conditioning.
A conservation measure shall be deemed
to be regionally cost-effective if it has a cost
of 4.0 cents per kilowatt-hour or less.

5B. Require, as a condition of receiving
Bonneville financial assistance, an audit
which meets Bonneville’s current minimum
requirements for commercial building aud-
its. The audit shall identify all structurally
feasible and regionally cost-effective meas-
ures that conserve electricity, and shall take
into consideration the effect of those meas-
ures on the consumption of non-electric
energy. Bonneville shall provide reimbur-
sement for auditing costs incurred by
commercial customers when audits are
performed by qualified personnel accord-
ing to Bonneville's current minumum re-
quirements, and when the audits result in
savings of electricity.

5C. Require, as a condition of receiving
Bonneville financial assistance, theinstalla-
tion of all structurally feasible and region-
ally cost-effective conservation measures,
including those operation and maintenance
procedures which have simple payback
periods of less than one year.

5D. Set financial assistance at a level
which will achieve the expected savings of
electricity at the lowest possible cost to
Bonneville ratepayers, up to the full cost of
the conservation measures, if necessary. In
no event shall the amount of financial
assistance for any measure exceed the
regional cost-effectiveness level of 4.0 cents
per kilowatt-hour.

SE. Provide technical assistance and
training for commercial sector building
operators.

5F. Provide for local utility inspection or
other qualified inspection of the conserva-
tion measure before the payment of finan-
cial assistance to the contractor or release
of the contractor's bond.
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5G. Allow individual entities other than
utilities (such as contractors, state and
local governments, and private firms) to
receive direct payments from Bonneville
for verifiable commercial sector electric
energy savings.

Bonneville Actions
Bonneville shall:

5.1 Develop and offer a regionwide com-
mercial conservation program which incor-
porates the features described above. This
program shall achieve the following rate of
acquisition:

e By September 30, 1985 acquire 20 mega-
watts.

e By September 30, 1988, acquire a total
of 90 megawatts.

5.2 Support the development and im-
plementation of comprehensive education
and training programs in energy-efficient
commercial building design, construction,
operation, and maintenance.

Expected Cost and Savings of Electricity

Through this program, Bonneville shall
acquire 90 megawatts of savings from exist-
ing commercial buildings during the next
five years. The Council estimates that the
cost of these savings will not exceed 1.9
cents per kilowatt-hour. The marginal cost
of any individual conservation measure
shall not exceed 4.0 cents per kilowatt-hour.

The average savings in electricity per build-
ing is expected to be approximately 30 per-
cent. These savings should be obtained
through the implementation of equipment
efficiency improvements such as lighting,
heating, ventilation, cooking, air condition-
ing and refrigeration, and building enve-
lope modifications.

6. Commercial Sector—
New Building Standard

For the same reasons described under 2.
Residential Sector—New Building Stand-
ards, it is vital to ensure that commercial
buildings using electric space conditioning
and’/or lighting are built to efficient stand-

ards—even during periods of surplus. This
commercial building standard has been
developed to ensure that new commercial
buildings are built to produce savings of
electricity that are economically feasible for
the consumer. To allow adequate time for
adoption and implementation of this stand-
ard, the Council has decided that the stand-
ard will become effective for commercial
buildings that receive building permits on
or after January 1, 1986.

This standard is a modified version of the
most recent model energy code of the
American Society of Heating, Refrigeration
and Air Conditioning Engineers (ASHRAE),
ASHRAE 90-80. The standard includes
equipment performance specifications,
lighting budgets, and minimum building
envelope efficiency requirements. The
lighting budgets are identical to those now
required by Seattle’s Energy Code, with the
exception of office and retail buildings. The
standard for office and retail buildings is
equivalent to the office standard currently
proposed by the California Energy Com-
mission (1.5 watts per square foot plus an
additional 1.5 to 3.0 watts per square foot
for task and spot lighting).

This model conservation standard may be
adopted and enforced by a state or local
government or by utilities where utilities are
legally authorized to do so. Those entities
which choose not to adopt and enforce the
standard should prepare an alternative plan
for achieving savings that are comparable
to those achievable through the use of the
standard. The alternative plan may employ
electric service requirements, rate designs,
or any other technique for achieving con-
servation. Failure to implement the stand-
ard or achieve comparable savings will sub-
ject utilities to the surcharge provisions of
this plan (see Method for Surcharge, Appen-
dix D).

Actions

State governments, local governments, or
utilities should:

6.1 ByJanuary 1, 1986, adoptandenforce
the model conservation standard described
in Appendix J for new commercial build-
ings that use electricity for space condition-
ing; and

6.2 ByJanuary 1, 1986 adopt and enforce
the model conservation standard described
in Appendix J for lighting for new commer-
cial buildings which do not use electricity
for space conditioning; or

6.3 ByJanuary 1, 1986, adopt and enforce
an alternative plan for achieving savings
comparable to those that would be achieved
through implementation of the model con-
servation standard for new commercial
buildings. This plan should be developed
by or in cooperation with the electric utili-
ties serving the jurisdiction.

Appendix J is contained in Volume Il
which is available on request.

Bonneville Actions
Bonneville shall:

6.4 Develop a consistent procedure for
certifying compliance with this model
standard. This procedure shall be available
on or before January 1, 1985 and shall be
offered throughout the region.

6.5 Develop and implement an educa-
tion program regarding the provisions of
this model standard for builders, building
owners, architects, designers, real estate
appraisers, code officials, and lending insti-
tutions. This procedure shall be available
on or before January 1, 1985 and shall be
offered throughout the region.

6.6 Develop a procedure to review and
evaluate alternative plans to achieve com-
parable savings. This procedure shall be
available on or before January 1, 1985.

6.7 Develop and implement a program
which provides incentives for meeting this
model standard in buildings for which
building permits are issued between Janu-
ary 1, 1984 and January 1, 1986. The pro-
gram shall be designed to achieve at least
15 average megawatts of savings. This pro-
gram shall include:

e C(Certification by the local utility, local
government, or by independent apprais-
ers of buildings which meet or exceed
the model standard.
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¢ A public education and marketing pro-
gram which emphasizes the energy-
savings features and value of buildings
that achieve the model standard.

e Financial incentives to architects and
engineers to prepare energy-efficient
alternative commercial designs which
meet the Council’s standard and are
approved by local building officials. Pay-
ment of the incentive shall be contingent
upon construction of the building
according to the approved design.

e Efficiency awards to builders when their
buildings meet or exceed the applicable
model standard.

6.8 Develop and initiate a program to
provide financial incentives to building
owners where governmental entities have
adopted and enforced the model standard,
or a qualifying alternative plan, prior to the
required implementation date. The incen-
tives provided in this program should be
based on the estimated amount of electric
energy saved by the building (compared to
current code) between the time it com-
mences normal operation conditions and
January 1, 1986. The incentive should be
set at 4.0 cents per kilowatt-hour.

The program measures described in actions
6.4, 6.5, and 6.7 shall be carried out in
cooperation with state and local govern-
ments, utilities, trade and professional as-
sociations, and other interested parties.

Council Actions
The Council will:

6.9 Investigate potential additions to the
model standard for commercial buildings,
in particular the establishment of total
building energy performance budgets,
more stringent lighting standards, and
mechanical system specifications. This in-
vestigation will include a review of the
ASHRAE 90-80E-LIG standard.

6.10  Investigate the feasibility of incorpo-

rating the Council’'s model standard for new
commercial buildings into the International
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Congress of Building Officials (1.C.B.O.)
Uniform Building Code.

Expected Cost and Savings of Electricity

This conservation standard should produce
approximately 45 megawatts of savings
from new commercial buildings during the
next five years, assuming the Council’s
medium-high growth forecast. The Council
estimates that the cost of these savings will
notexceed 1.7 cents perkilowatt-hour. The
marginal cost of any individual conserva-
tion measure shall notexceed 4.0 cents per
kilowatt-hour.

7. Commercial Sector—
Conversion Standard

As explained under 3. Residential Sector—
Conversion Standard, it does little good to
require that all new commercial buildings
using electricity for space conditioning
satisfy model conservation standards, if
buildings that are not built with electric
space conditioning can be converted to
electricity freely. Accordingly, the Council
has developed a model conservation stand-
ard specifically for commercial buildings
that were granted building premits before
January 1, 1986 and are being converted to
electric space conditioning. Commercial
buildings that are granted building permits
after January 1, 1986 will be required to
meet the new building standard if and when
they are converted to electric space con-
ditioning.

This standard will ensure that buildings
converted to electric space conditioning
from other fuels will meet minimum energy-
efficiency requirements. This standard may
be adopted by state or local governments
or by utilities where they are authorized to
do so. Entities which choose not to adopt
this standard should prepare an alternative
plan that will result in savings which are
comparable to the savings achievable
through this model standard. Failure to
implement this standard or achieve com-
parable savings will subject utilities to the
surcharge provisions of this plan (see
Method for Calculating Surcharges, Ap-
pendix D).

Actions

State governments, local governments, or
utilities should:

7.1 BydJanuary 1, 1986, adopt and enforce
the model efficiency standard described in
Appendix J for conversion of commercial
buildings to electric space conditioning; or

7.2 BydJanuary1, 1986, adopt and enforce
an alternative plan for achieving savings
comparable to those that would be achieved
through implementation of the model effi-
ciency standard.

Appendix J is contained in Volume I,
which is available on request. The standard
shall be effective for all conversions for
which the building permit is issued on or
after January 1, 1986.

Bonneville Actions
Bonneville shall:

7.3 Develop a consistent procedure for
certifying compliance with this model
standard. This procedure shall be available
on or before January 1, 1985, and shall be
offered throughout the region.

7.4 Establish a procedure for evaluating
alternative plans for achieving implementa-
tion of the Council’s model efficiency stand-
ard for conversion to electric space condi-
tioning. This procedure shall be available
on or before January 1, 1985.

7.5 Develop and implement an educa-
tion program regarding the provisions of
this model standard for builders, architects,
designers, real estate appraisers, code offi-
cials, and lending institutions. This pro-
gram shall be available on or before Janu-
ary 1, 1985, and shall be offered throughout
the region.

The program measures described in actions
7.3 and 7.5 shall be carried out in coopera-
tion with state and local governments, utili-
ties, trade and professional associations,
and other interested parties.
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Expected Cost and Savings of Electricity

The Council evaluated the potential for
conversion to electric space conditioning
of existing oil and gas heated and cooled
commercial buildings. This assessment re-
vealed that each conversion could cost the
region in excess of $6,000 per average
kilowatt of new resource requirements over
the next twenty years. This standard is
expected to reduce that cost by requiring
cost-effective lighting, heating, ventilation
and air conditioning, and water heating
efficiency improvements prior to conver-
sion to electric space conditioning. Total
regional savings will vary depending upon
how consumers respond to future oil and
natural gas prices.

8. Commercial Sector—
Demonstration Program

The Council’'s model conservation stand-
ard for new commercial buildings is a
slightly modified version of the ASHRAE
90-80 model energy code. That code does
not attempt to capture all savings of elec-
tricity that are possible below a cost of 4.0
cents per kilowatt-hour, nor even all those
that are economically feasible for consum-
ers. The Council is confident, based upon
its studies, that additional savings can be
achieved at prices that are cost-effective to
Bonneville and economically feasible for
consumers. This program is designed to
acquire some of those savings and develop
better information about actual levels of
use of electricity and potential savings of
electricity in commercial buildings. As the
need for additional resources develops, the
Council will be in a better position to fore-
cast the conservation available in this area,
and Bonneville will be in a position to
accelerate its program to acquire more
savings.

The objective of this program is to develop
a conservation program or model standard
for acquiring energy-efficiency improve-
ments in commercial buildings beyond
those required by the model conservation
standards in Action 6.

This program shall include:

8A. Financialincentives payable to archi-
tect/engineers, developers, contractor/
builders, and others who design and build
commercial buildings that operate below a
specified energy performance budget.

8B. Technical and financial assistance to
local governments to adopt model conser-
vation standards for new commercial build-
ings which exceed the Council’s standards
by providing technical and financial assist-
ance in the development and implementa-
tion of such standards.

8C. Incentive payments, set atanamount
up to the regional cost-effective limit of 4.0
cents per kilowatt-hour, for the value of
savings in electricity achieved beyond those
that would be realized at the energy per-
formance budget specified below. These
incentives shall be offered for all buildings
that use electricity, regardless of the type of
space conditioning system.

Bonneville Actions

Bonneville shall develop a demonstration
program for acquiring commercial conser-
vation savings beyond the savings that
would be realized under the Council’'s mod-
el standard. Specifically, Bonneville shall:

8.1 Design and initiate a demonstration
program which offers financial incentives
to secure construction of a total of 30 build-
ings, from at least five different building
categories. Incentives of 4.0 cents per kilo-
watt-hour on a levelized life-cycle cost
basis shall be paid for every kilowatt-hour
of savings which exceeds the Council's
model conservation standard for new com-
mercial buildings. Only those buildings that
meet or exceed the following total energy
budgets under normal operating conditions
will be eligible for the incentive.

8.2 Develop data on the construction
cost, actual and projected energy con-
sumption, and features of very efficient
commercial buildings constructed in cli-
mates similar to those found in the region.

Expected Cost and Savings of Electricity

Savings from this program are not cur-
rently included in the Council's resource
portfolio. This plan calls for developing, by
1988, a conservation program or model
standards for acquiring savings of electric-
ity in new commercial buildings in excess
ofthe Council's model standard. The Coun-
cil anticipates that this program could pro-
duce a 30 percent improvement in com-
mercial building efficiency over the Coun-
cil's model standards, at a cost of below 4.0
cents per kilowatt-hour.

9. Industrial Sector

The great variety of industrial uses of elec-
tricity in the Northwest and the inaccessibil-
ity of certain proprietary information make
it difficult to develop model conservation
standards or a uniform conservation pro-
gram for the industrial sector. The Councilt
has concluded that the most effective way
to acquire industrial conservation may be
through the use of financial incentives.

For this program to work effectively, Bon-
neville must fund technical assistance for
industrial consumers to help them identify
their potential savings, and must provide
consistent guidelines in its acquisition re-
quests. When Bonneville acquires conser-
vation from this sector, Bonneville should
publish a notice of its requirements and
solicit conservation proposals from North-
west industrial consumers. Bonneville can
then evaluate the proposals and select
those that offer the most cost-effective
savings.

Bonneville does not currently offer an in-
dustrial conservation program. This pro-
gram is designed to develop the Council’'s
and Bonneville’s understanding of the po-
tential for conservation in the industrial sec-
tor and place Bonneville in a position to
acquire industrial conservation when it is
needed.
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Bonneville's program for this sector shall
include:

9A. Solicitation of industrial conservation
projects either by Bonneville or through
retail utilities. The solicitation document
shall describe the characteristics of the
conservation that is needed. state a maxi-
mum acquisition price, and contain other
terms and conditions that would be neces-
sary in preparing a proposal.

9B. Payments at a level that will achieve
the expected electricity savings at the low-
est possible cost to Bonneville ratepayers,
up to the full cost of the conservation mea-
sures, if necessary. In no event shall the
payment for any measures exceed the
regional cost-effectiveness level of 4.0 cents
per kilowatt-hour saved.

9C. Independentverification of efficiency
improvements.

9D. Technical assistance for industrial
customers who reqguest it, for the purpose
of identifying industrial conservation proj-
ects.

Bonneviile Actions
Bonneville shall:

9.1 Develop a regionwide industrial con-
servation program which incorporates the
features described above. This program
shall achieve the following rate of acquisi-
tion:

e By September 30.1985. acquire 15 mega-
watts.

® By September 30, 1988, acquire a total
of 45 megawatts.

Council Actions
The Council wili:

9.2 Conduct. in cooperation with the
region's industrial customers, a detailed
survey to identify industrial conservation
potential above the 545 megawatts con-
tained in the Council's resource assess-
ment. This survey should identify conserva-
tion potential up to a cost of 5.0 cents per
kilowatt-hour.

10-18

Expected Cost and Savings of Electricity

This program shall produce 45 megawatts
of savings during the next five years. The
Council estimates that the cost of these
savings will not exceed 1.6 cents per Kilo-
watt-hour. The marginal cost of individual
conservation measures shall not exceed
4.0 cents per kilowatt-hour.

10. lIrrigation Sector

Developing conservation programs for the
irrigation sector presents problems similar
to those in the industrial sector. There area
wide variety of irrigation techniques, soil
conditions, crop requirements. and other
conditions that make it difficult to impose
model conservation standards or develop a
uniform conservation program for this sec-
tor. The Council therefore proposes a con-
servation acquisition program similar to the
one proposed for the industrial sector.

The objective of this program is to acquire
efficiency improvements in the use of elec-
tricity on new and existing irrigated acreage.
Bonneville’s program for this sector shall
include:

10A. Solicitation for irrigation conserva-
tion projects either by Bonneville or through
retail utilities. The solicitation document
shall describe the characteristics of the
conservation that is needed, state a maxi-
mum acquisition price, and contain other
terms and conditions that would be neces-
sary in preparing a proposal.

10B. Support for technical assistance to
irrigation consumers through such existing
agencies as the Agricultural Extension
Service.

10C. Payments at a level which will
achieve the expected savings of electricity
at the lowest possible cost to Bonneville
ratepayers. up to the full cost of conserva-
tion measures, if necessary. In no event
shall the payment for any measure exceed
the regional cost-effectiveness level of 4.0
cents per kilowatt-hour.

10D. Financial assistancetolendinginsti-
tutions and other agencies which provide
below-market-rate loans or other forms of
financial assistance to customers for the
purchase and installation of energy-effi-
cient irrigation systems or for efficiency
improvements to existing irrigation
systems.

10E. A requirement, as a condition of
participating in incentive programs, that
irrigation systems installed on newly irri-
gated lands be designed to produce all sav-
ings in electricity that are cost-effective to
the region. Incentive payments shall be
made available to defray increased capital
costs associated with such installations.
Irrigators who decline to participate shall
not be eligible for subsequent retrofit pay-
ments covering efficiency improvements
that could have been effected when their
systems were installed.

Bonneville Actions
Bonneville shall:

10.1  Develop aregionwide irrigation con-
servation program which incorporates the
features described above. This program
shall achieve the following rate of acquisi-
tion:

® By September 30, 1985. acquire 15 mega-
watts.

e By September 30, 1988, acquire a total
of 35 megawatts.

10.2 Initiate a demonstration project
which assesses the feasibility and cost-
effectiveness of working through agricultur-
al lendinginstitutions and other agenciesto
facilitate irrigation sector conservation.

10.3 Initiate a request for commercial
demonstrations of irrigation system effi-
ciency improvements, including but not
limited to flow meter development. deficit
irrigation. low-energy precision application
systems. irrigation scheduling. and ad-
vanced pump designs.

10.4 Initiate a demonstration project to
identify technically sound and practically
valid soil monitoring and irrigation schedul-
ing programs.
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10.5 Develop and implement programs,
through government agencies, universities,
and other existing institutions, to train irri-
gation specialists in soil moisture monitor-
ing and irrigation scheduling.

10.6 Develop and implement education
programs to demonstrate the potential for
electricity and cost savings through soil
moisture monitoring and improved irriga-
tion application techniques and systems.

10.7 Initiate amarket and technical assist-
ance program to aid farmers and irrigation
investment decisionmakers in making
sound, cost-effective investment decisions
on conservation equipment.

Expected Cost and Savings of Electricity

This program shall produce 35 megawatts
of savings during the next five years. The
Council estimates that the cost of these
savings will not exceed 1.6 cents per kilo-
watt-hour. The marginal cost of individual
conservation measures shall not exceed
4.0 cents per kilowatt-hour.

11. Power System Conservation

The power system offers a number of
opportunities for conservation through im-
provements in the efficiency of generation,
transmission, and distribution. Bonneville
and the Corps have continuing programs in
this area. The Council is unaware of any
comprehensive study of potential system
conservation, but current information on
improvements to hydropower generation
indicates that at least 270 megawatts of
savings can be achieved. Coordination of
existing programs and a study of other
potential improvements could identify sub-
stantially greater amounts of low-cost con-
servation.

The objective of this program is to improve
the region’s capability to acquire cost-
effective conservation through improve-
ments in the efficiency of electric power
generation, transmission, and distribution.

Bonneville Actions
Bonneville shall:

11.1  Continue existing programs to im-
prove the efficiency of power transmission
and distribution in the region. These pro-
grams shall be modified to the extent
necessary to gather data which might be
used to identify further efficiency improve-
ments.

11.2 Design and conduct studies of po-
tential improvements that could be made in
the efficiency of power generation, trans-
mission, and distribution at a cost of up to
5.0 cents per kilowatt-hour. These studies
shall be coordinated with the U.S. Army
Corps of Engineers, the Bureau of Reclama-
tion, and generating utilities. A report on
these studies shall be submitted to the
Council by January 31, 1985, in order to be
considered in the first scheduled review of
this plan.

12. State and Local Government

Bonneville’s current programs for state and
local governments include a street and area
lighting efficiency improvement program
and an institutional buildings program. Bon-
neville also offers technical assistance to
local governments and small power users,
and financial assistance to general purpose
local governments and Indian tribes.

The objective of this program is to assist
state and local governments to identify and
achieve cost-effective electric energy sav-
ings and resource development.

Bonneville Actions
Bonneville shall:

12.1 Develop and implement a program
to reimburse state and local governments
for the full incremental cost of adopting and
enforcing all model conservation standards
under this plan, so long as enforcement of
the model conservation standards program
as a whole is cost-effective. This program
shall be in place and operating by January 1,
1985 and shall be offered throughout the
region.

12.2 Develop and implement a region-
wide acquisition program which purchases
savings of electricity from state and local
government buildings and facilities. Pay-
ments for savings from local government
projects shall be made at levels that will
achieve savings of 10 megawatts by Sep-
tember 30, 1985, up to the full cost of the
conservation measures, if necessary. In no
event shall the amount of financial assist-
ance exceed the regional cost-effectiveness
level of 4.0 cents per kilowatt-hour.

12.3 Allow state and local governments
to receive direct payments from Bonneville
for cost-effective conservation savings.

12.4 Provide technical and financial as-
sistance to those jurisdictions and com-
munities wishing to identify conservation
and resource development projects.

12.5 Provide technical and financial as-
sistance in the revision and adoption of
land-use plans and zoning and subdivision
ordinances which affect on-site energy
use, solar access protection, solar orienta-
tion, and local permitting processes for
energy developments.

12.6 Initiate an assessment of energy
conservation and resource development
potential in state and local government
owned or operated buildings and facilities.
This assessment should take advantage of
information already gained from Bonne-
ville’s Institutional Buildings Program, Fi-
nancial Assistance Program, and Local
Government Technical Assistance Pro-
gram. The assessment should be com-
pleted by January 1, 1985.

12.7 Support the development of mech-
anisms to help state and local govern-
ments, utilities, and the private sector
cooperate in conservation and resource
acquisitions and to share energy manage-
ment information, technical expertise, and
experience.

12.8 Provide for continuation of Bonne-
ville’s Institutional Buildings Program and
Local Government Technical Assistance
Program at program levels at least equiva-
lent to those provided in 1982-1983.
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12.9 Modify its existing Institutional
Buildings Program to accommodate more
readily the savings in electricity from im-
provements in water and wastewater
treatment systems, and simplify the appli-
cation process for simple improvements
which can be justified without a compre-
hensive audit.

12.10 Expand regionwide programs
which provide technical and financial assist-
ance to state and local government entities
to provide assistance in implementing ele-
ments of this plan.

1211 Consult with state and local govern-
ments and local government associations
regarding the most appropriate mech-
anisms to provide for implementation of
model conservation standards, technical
and financial assistance, and the develop-
ment and acquisition of local government
resources and conservation programs, in-
cluding those which affect local govern-
ment buildings and facilities.

12.12 Provide maximum flexibility and
full opportunity for state and local govern-
ments in the implementation of this plan.

12.13  Terminate financial assistance for
street and area lighting improvements dur-
ing the current period of surplus. Streetand
area lighting improvements have a short
expected lifetime. These improvements
would contribute unneeded savings during
the surplus but would not last long enough
to offset later deficits.

Council Actions
The Council wiil:

12.14 Assemble information on the use
of electricity in public buildings and facili-
ties and incorporate that information into
its analytical system.

1215 Continue to examine the roles for
state and local governments, Bonneville,
and the region’s utilities, in the implementa-
tion of the plan. Disputes regarding these
roles may be brought to the Council for
clarification of the Council’s intention.
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Expected Cost and Savings of Electricity

The savings produced through efficiency
improvements in new and existing govern-
ment buildings and facilities were devel-
oped in conjunction with the commercial
sector programs and total 10 megawatts for
the next two years. By September 30, 1988,
a total of 15 megawatts shall be acquired
from this sector, of which 2 megawatts are
expected to be produced by water and
wastewater system efficiency improve-
ments. These savings are in addition to the
commercial sector. The Council’s twenty-
year target for this sector will be developed
following completion of the assessments
called for above. The Council estimates
that the average cost of these savings will
notexceed 1.9 cents per kilowatt-hour. The
marginal cost of individual conservation
measures shall not exceed 4.0 cents per
kilowatt-hour.

Other Programs

Resource and Other Program and
Policy Options

This section outlines additional short- and
long-term goals and objectives established
by the Council. Contained in this section
are Council decisions on renewable re-
sources; marketing interruptible power in
the region; sales of firm surplus energy in
the Southwest; policies on cogenerated
electricity, surcharges, and rate design;
combustion turbines; methods for quantify-
ing environmental costs and benefits;and a
brief summary of additional Council actions
during the next two years. This section lists
specific actions to be taken by Bonneville
and the Council over the next two years
and beyond.

One of the central features of this plan is the
ability to acquire an option on resources.
The current surplus of electricity will pro-
vide the region with time to conduct a thor-
ough analysis of the options concept. The
analysis, in consultation with Bonneville,
utilities, and resource developers, will seek
to identify federal, state, and local laws and
regulations and to resolve conflicts that
could pose barriers to implementation of
resource options.

13. Options

The options concept offers significant op-
portunity for dealing with planning uncer-
tainty. Like a new technology, this new
concept will require demonstration and
development before it can be depended on
to provide planning flexibility. The objec-
tive of this program is to work with state
siting authorities and federal and state reg-
ulatory agencies to resolve institutional,
regulatory, legal, and technical barriers to
the options concept.

This effort will help to resolve issues about
the efficacy of the options concept, includ-
ing the extent of control over a resource
Bonneville can reasonably expect under an
option. To accomplish this, regulatory un-
certainties under state and federal laws
which may impede development or restrict
the usefulness of options must be identified
and resolved.

The objectives of this effort are:

13A. tobetter define the elements of and
degree of regional control available through
an options arrangement by monitoring de-
velopment of actual hydropower options;

13B. to identify and resolve constraints
to effectiveness of options (including lim-
itations on effective “shelf-life” of resources
on which options have been obtained)
which result from federal and state agency
regulation and under other statutes;

13C. to identify potential for effecting
sales of resources outside the region to
overcome the problem of limited resource
shelf-life, and otherwise permit timely devel-
opment of resources which might other-
wise be lost to the region;

13D. to identify appropriate risk factors
and uncertainties which prevent resource
options from being considered “available;”
and

13E. determine the appropriate size of
the inventory of options to provide appro-
priate planning insurance.
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Bonneville Actions
Bonneville shall:

13.1 Enterintoacomprehensive process
of cooperation with the four Northwest
states in order to exchange information on
energy resource and energy facility siting.
The purpose of this arrangement will be to
coordinate information about projected re-
gional energy needs and the types of re-
sources that will satisfy those needs. This
exchange will lead to consistent federal
and state policies regarding projected re-
source acquisitions with due deference to
state siting constraints and considerations.

13.2 Create a state options task force
with representatives of the four states (and
in particular, any state siting authority),
Bonneville customers, public interest
groups, and the Council. The purpose of
this task force will be to develop provisions
for options in each state. For example, the
State of QOregon Siting Council has pro-
posed a method of banking sites for regional
resources within the State of Oregon. Al-
though a great many questions remain to
be resolved, this proposal provides a signif-
icant step toward the successful coordina-
tion of an options process in the region
such that the authority of the state Siting
Council is fully recognized while providing
the region with a reliable plan for meeting
its needs for resources through the options
concept.

13.3 Identify, by project, specific re-
sources which may be lost to the region if
decisions to acquire an option or to acquire
the resources are not made. This inventory
should recognize each resource sponsor’s
requirements for keeping the resource avail-
able to the region.

13.4 Explore opportunities for marketing
power and for removal of constraints to
marketing power outside the region which
could facilitate development of some
resources.

Council Actions
The Council will:

13.5 Establish a task force composed of
representatives of the Council, Bonneville,
utilities, and other interested parties to
identify for each resource type: (1) each
significant potential federal and state regu-
latory impediment to success of the options
program; and (2) proposed means of resolv-
ing that uncertainty through informal under-
standings with the affected agencies,
amendments to statutes or regulations, or
other means.

13.6 Adoptcriteriafor determining when
resources under options are sufficiently
firm to be counted as “available” within the
meaning of the Act.

13.7 Determine, with the assistance of
other analyses to be conducted as part of
this two-year plan: (1) the optimum size of
the options inventory to permit develop-
ment of an adequate supply of available
resources; and (2) the appropriate timing
for concluding option agreements to per-
mit adequate flexibility in the preconstruc-
tion process.

13.8 Develop alternative planning ap-
proaches if options prove to be unwork-
able. These approaches would have to re-
examine the appropriateness of planning
to a high demand forecast. Other methods
of obtaining resource flexibility and shorter
lead times will also be explored.

14. Hydropower

The objective of this program is to test the
options concept by pursuing options for
future hydropower development. The
Council has concluded that hydropower is
an important resource in this plan. In the
high growth forecast up to 920 megawatts
of hydropower would be needed and appear
to be available at less than 4.0 cents per
kilowatt-hour. The Council recognizes that
modifications to regulatory processes may
have to be made before hydropower can be
treated as an option in the Council’s plan-
ning strategy. Further, there is unresolved
concern regarding the effects of hydro-
power development on fish and wildlife in
the region. The Council’s two-year actions
address these concerns.

During this two-year action plan, Bonne-
ville shall acquire an option on each of the
following listed facilities only after a finding
has been made that the construction and
operation of each facility will have an insig-
nificant adverse effect on fish and wildlife
population and on habitat.

Such a finding may be made only after
consultation among representatives of Bon-
neville, the U.S. Army Corps of Engineers,
the Bureau of Reclamation, the Council,
state and federal fish and wildlife agencies,
Indian tribes, the region's utilities, and
interested non-utility sponsors.

Bonneville Action
Bonneville shall:

141 Acquire options on the following six
categories of hydropower facilities:

1. An existing dam, currently not genera-
ting electricity, with a capacity greater
than 15 megawatts.

2. An existing dam, currently not genera-
ting electricity, with a capacity of be-
tween 5 and 15 megawatts.

3. A new facility with a capacity greater
than 25 megawatts.

4. A new facility with a capacity between
10 and 15 megawatts.

5. A new facility with a capacity less than
10 megawatts.

6. A new facility with an exemption from
the FERC licensing process.

In acquiring options on hydropower sites,
Bonneville shall adhere to the provisions of
Appendix E.

Council Actions
The Council will:
14.2 Design a study to identify and rank
potential hydropower sites in the region.
This study will include representatives from

Bonneville, the U.S. Army Corps of Engi-
neers, the Bureau of Reclamation, the
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Council, state and federal fish and wildlife
agencies, affected Indian tribes, the region’s
utilities, and interested non-utility resource
sponsors. The organization of the study,
specific tasks necessary to meet the study
objectives and the funding sources will be
determined after the adoption of the plan
and in consultation with all of the parties
identified above.

Potential hydropower sites will be ranked
based on fish and wildlife concerns.

Category 1. Sites at which the construction
and operation of hydropower facilities will
have insignificant adverse effects on fish
and wildlife population and habitat.

Category Il. Sites at which the construction
and operation of hydropower facilities will
have significant adverse effects on fish and
wildlife populations and habitat, but may be
reduced to an insignificant level by devel-
opment and implementation of proven mit-
igation techniques.

Category lil. Sites at which the construc-
tion and operation of hydropower facilities
will have significant adverse effects on fish
and wildlife populations and habitat which
cannot be reduced satisfactorily because
of the critical nature of the habitat or popu-
lations affected, the lack of proven mitiga-
tion techniques, expense and delay, or any
other reason.

The study should be based on existing
data, studies, and literature to the extent
these are sufficient. The emphasis of the
study should be to first identify sites within
Categories | or Il in order to facilitate early
commitment to those sites.

The term ‘sites’ has been used in a broad
sense to cover both specific sites and
stream reaches. Although the comprehen-
sive study might take two years or more, a
progress report will be made to the Council
on specific sites currently in the FERC
licensing process by January 1985. This
information will be used in the next revision
of this plan, scheduled for adoption in
November, 1985. This study shall be coor-
dinated with other studies being done under
the Council’s fish and wildlife program and
with the Council’s efforts to refine current
hydropower data bases.
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14.3 Continue in its efforts to refine the
data base on existing and potential hydro-
power sites that are environmentally sound
and cost-effective. The Council will coordi-
nate this effort closely with the hydropower
ranking study discussed above.

15.  Market interruptibie Energy
in the Northwest

The objective of this program is to develop
additional markets for interruptible energy
in the Northwest. The effort to develop
additional means of retaining the economic
benefits of low-cost non-firm energy in the
region isthe mostimportant energy-related
economic issue over which the region has
control, and it should be treated accord-

ingly.
Bonneville Actions
Bonneville shall:

15.1 Initiate a policy to develop, to the
fullest extent possible, regional markets for
non-firm energy including industrial,
commercial, and irrigation markets.

15.2 Set an initial goal of 900 to 1,400
megawatts of potential interruptible load in
the industrial sector and conduct further
investigations to determine whether more
potential is available.

Council Action
The Council will:

15.3 Study whether the region should
develop Northwest markets for conversion
of existing firm loads to interruptible status.
Such loads might include the second quar-
tile of DS| power, some industrial loads of
utilities, and certain irrigation loads. Bon-
neville could purchase the right to interrupt
the load during a particular low-water event.
In the case of irrigation loads, farmers
could decide to use cheaper interruptible
power to serve a portion of their existing
firm loads. The interruptibility would be
gained solely through voluntary contrac-
tual arrangements between Bonneville and
the customer or utility and would not be a
condition of service for any customer. This
study will be done in consuitation with
Bonneville.

16. Sale of Firm Surplus Energy
to the Southwest

Bonneville and other regional utilities are
engaged in an effort to market the current
firm surplus to the Southwest. The Council
supports these efforts. The proposed sale
of the region’s firm surplus is entirely con-
sistent with efforts to market interruptibie
energy within the region. Neither effort is a
substitute for the other.

Council Action
The Council will:

16.1 Open discussions with the Califor-
nia Energy Commission regarding a sale of
firm surplus power. The Council intends to
consult with Northwest utilities and Bonne-
ville as part of this process. The Council
recognizes the potential benefits to both
Northwest and Southwest and is prepared
to use its regional power planning authority
to encourage a sales agreement that bene-
fits both regions.

17. Geothermal

The Council has concluded that a large
geothermal potential exists in the region for
both electric generation and direct applica-
tions that decrease the need for electricity.
(Direct applications of geothermal and
other renewable resources are considered
in chapter 7, Conservation.) However, the
precise size, characteristics, and technical
potential of the geothermal resouces has
not been determined. The objective of this
program is to encourage confirmation of
the region’s geothermal resource for elec-
tric generation so it can be developed
quickly when the need exists. The follow-
ing actions are expected to provide a base
forincluding geothermal resources in future
plans.

Bonneville Action
Bonneville shall:

17.1  Develop and implement a geother-
mal demonstration program that guaran-
tees the purchase of electricity from the
first 10 average megawatts generated at the
most promising environmentally acceptable
geothermal site available in the region. The
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site should be estimated to be able to pro-
duce at a capacity of 100 megawatts or
more over a 30-year period. There should
be aclear agreement that if the field is devel-
oped it would be available to the region at
competitive prices. The fixed purchase price
should be tied to the cost to Bonneville of
the energy from a new coal plant. Recog-
nizing the demonstration nature of this ven-
ture, Bonneville should be prepared to pay
aprice up to 50 percent higher than the cost
of energy from a new coal plant at the time
ofacquisition. If this program proves work-
able, and as need dictates, the Council will
consider expanding this program to other
promising sites in the region.

18. Wind

The objective of this program s to continue
to assess the potential of wind resources,
without investing in additional wind gener-
ation, so that this resource can be included
in the plan when it becomes cost-effective.
The action item listed below should not
affect Bonneville's current efforts related to
the wind resource assessment and develop-
ment.

Bonneville Action
Bonneville shall:

18.1 Conduct a study of the cost and
expected operating efficiency of wind gen-
erators using existing and potential wind
demonstration projects. The Council is
interested in determining the feasibility and
cost-effectiveness of including 50 average
megawatts in the next revision of the plan.
The Council will be assisted in making this
determination through the continued efforts
of Bonneville in collecting and assessing
data from existing demonstration projects.
Bonneville's proposed feasibility studies of
wind generators on the region’s coast will
also assist the Council in making this
determination.

19. Combustion Turbines

The objective of this program is to study
potential obstacles to the construction and
operation of combustion turbines and to
develop methods for overcoming those
obstacles. Although the Power Plant and
Industrial Fuel Use Act generally prohibits

use of oil and natural gas in new power
plants, it does provide for specific types of
exemptions. Preliminary Council research
suggests that one or more of these exemp-
tions may be available for combustion tur-
bines that are needed to meet unantici-
pated load growth and operate to “firm”
hydropower. The most likely exemptions
are those for:

e Peak loading;
e Cogeneration;
® Maintaining reliability of service;

e |ack of an alternate fuel at a cost not
substantially exceeding that of imported
oil; and

e Fuel mixtures involving alternate fuels.

State siting requirements present other
potential regulatory hurdles that need to be
investigated. Combustion turbines may
need to be sited close to existing gas or oil
pipelines, for example. Also, the Council
needs to know how much energy existing
combustion turbines can provide. The fol-
lowing actions will assist the Council in
planning to use combustion turbines as a
hedge against unexpected demand growth
in the higher growth forecasts.

Bonneville Action
Bonneville shall:

19.1  Acquire an existing natural gas com-
bustion turbine and petition the U.S. Depart-
ment of Energy for an exemption under the
provisions of the Fuel Use Act to allow use
of the combustion turbine as described in
chapter 5.

Council Actions
The Council will:

19.2 Study the likelihood of obtaining
further exemptions under the Fuel Use Act
for combustion turbines used pursuant to
the Council’s resource portfolio. If neces-
sary, the Council may request from the
Department of Energy formal interpreta-
tions of the exemptions as they would
apply to specific combustion turbine
proposals.

19.3  Study regulatory requirements, in-
cluding state siting standards, that would
apply to new combustion turbines.

19.4 Study the potential contribution of
existing combustion turbines and evaluate
the effect of the Fuel Use Act on their use.

19.5 Study the cost-effectiveness of com-
bustion turbines as a resource for making
use of the non-firm energy from the hydro-
power system.

19.6 Study and evaluate the impact of
Bonneville’'s forthcoming displacement pol-
icy on the operation of combustion tur-
bines and service to meet top quartile loads
of the Direct Service Industries.

Based on the results of these studies, the
Council will re-evaluate the role of combus-
tion turbines in the resource portfolio and
make changes as necessary in future revi-
sions of the plan.

20. Cogeneration

The cogeneration included in the high
growth forecast is not needed to serve
regional loads until 1993. Nevertheless, the
Council recognized the potential contribu-
tion of cogeneration to the region’s power
system and has decided that early actions
by Bonneville are necessary to preserve the
option of cogeneration in the mid-1990's.
The objective of this program is to preserve
cogeneration opportunities that are avail-
able before they are needed in the region.

The Council recognizes that the Federal
Power Act and the Public Utility Regula-
tory Policies Act affects much of the devel-
opment of cogeneration in the Northwest.
The Council will work with appropriate
agencies, Bonneville, utilities, and resource
developers to coordinate activities under
those statutes with the provisions of this
plan.

Bonneville Actions

Bonneville shall:

20.1  Assist potential cogenerators in ob-
taining access to tielines which will enable
them to market cogenerated electricity not

currently needed by the region. Once tie-
line access is obtained, Bonneville should
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find ways to use the region's non-firm
energy to displace cogenerated power.
When non-firm energy is being sold for less
than the cogenerator’s variable operating
cost, the cogenerator could substitute this
energy for cogenerated power for sale to
the tieline. The lower cost to the cogenera-
tor could be reflected in a shared-savings
price to the purchaser. Appropriate call-
back provisions should be made by the
cogenerator so that the region has access
to the power when needed.

20.2 Assist potential cogeneratorsin their
efforts to market cogenerated electricity in
the region.

20.3 Develop a program for acquiring
options that will assist potential cogenera-
tors, when making regular scheduled plant
modifications, to make appropriate invest-
ments that will permit addition of genera-
ting equipment at a later date. (An example
would be replacing a worn-out low-pres-
sure boiler with a high-pressure boiler.)
This program should be ready to be im-
plemented by the next revision of this plan.

21. Solar Generation and
Advanced Thermal
Technologies

New technologies will emerge that are not
currently being counted on to provide firm
energy. The region should be alert to any
potential for new, cost-effective resources.
The Council recommends that Bonneville
keep abreast of emerging technologies,
specifically solar. The Council and Bonne-
ville should follow closely the solar demon-
stration projects that are currently under-
way in California.

Bonneville Action

Bonneville shall:

21.1  Work to improve the data base on
solar insolation in the Northwest both on a
broad basis and at specific promising sites.
22. Biomass

The objective of this programis to continue
the Pacific Northwest Regional Bioconver-

sion Program as presently administered by
Bonneville to better develop data depicting
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the industrial and residential end use of
biomass.

Bonneville Action

Bonneville, in consultation with the Council
and the Pacific Northwest Bioconversion
Policy Group, shall:

221 Continue the Pacific Northwest Reg-
ional Bioconversion Program as it is now
described and funded by the U.S. Depart-
ment of Energy.

23. Large Thermal Plants

Large thermal plants require from 10 to 15
years of lead time before they can produce
power. Partly for this reason and because
of the related risks inherent in beginning a
long-lead-time plant, the Council has not
included large thermal plants in the twenty-
year plan except in the medium-high and
high growth forecasts in the late 1990's.
Should the Council's conservation pro-
grams not achieve the expected penetra-
tion or should the Council’'s options con-
cept prove not to be effective, the region
may have to rely on large coal and nuclear
plants in the future. To prepare the region
for this possibility, Bonneville, in coopera-
tion with regional utilities, must undertake
studies of methods to decrease the con-
struction time of large thermal plants.

Council Action
The Council will:

231 Conduct a study, in cooperation
with Bonneville, the region’s public and pri-
vate utilities, EPRI, representatives from
architectural and engineering firms, and
equipment manufacturers, to determine
whether and how the planning and con-
struction schedules of large thermal plants
can be reduced.

24. Method for Determining
Environmental Costs and
Benefits

The Act requires that this plan inciude, “in
such detail as the Council determines to be
appropriate,” a method for determining
quantifiable (measurable) environmental

costs and benefits. Those costs and bene-
fits will then be used to determine the cost-
effectiveness of various resources. Envi-
ronmental costs and benefits that cannot
be measured must be identified and given
due consideration. The Council's method
for determining quantifiable environmental
costs and benefits is contained in Appen-
dix C.

Bonneville Actions
Bonneville shall:

241 Prepare to implement the Council's
method and be prepared to make full use of
it for any contemplated resource acquisi-
tion.

24.2 Continue efforts to identify and
create data bases and undertake studies
that contribute to a better understanding of
environmental costs and benefits and the
techniques which may be used to evaluate
them. Efforts should be aimed at improving
the utility of the method as a planning tool
and as a tool for evaluating specific re-
sources. The method and the results of any
studies should be used to evaluate any re-
source Bonneville proposes to acquire.

25. Method for Calculating
Surcharges

The Act requires the Council to provide a
method in the plan which the Administrator
shall use in imposing surcharges. The
Council’'s method for calculating sur-
charges is presented in Appendix D.

The Council recommends surcharges for
the following model conservation stand-
ards:

® Model Standards for new residential
buildings, Action 2;

e Model Standards for new non-residential
buildings, Action 3;

® Model Standards for conversion to elec-
tric space heat in residential buildings,
Action 6; and

e Model Standards for conversion to elec-
tric space conditioning in non-residential
buildings, Action 7.
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Surcharges must be calculated in accord-
ance with the method provided in Appen-
dix D.

The conservation standards must be adop-
ted and enforced by January 1, [986. There-
after, utilities will be expected to achieve
the energy savings obtainable through
these standards or to demonstrate, through
adoption of other conservation measures
(including rate design), that equivalent sav-
ings have been accomplished.

Additional Council Actions
During Next Two Years

It is important that the Council be kept
aware of how this plan is being imple-
mented and how the region’s energy future
is unfolding. Without this process the Coun-
cil would be unable to respond to changing
conditions.

The Council has developed a program to
monitor implementation of the plan and to
evaluate the plan’s continuing suitability for
the region’s energy future. With this infor-
mation, the Council can take corrective
actions quickly.

Significant improvements to the region’s
energy planning capability have been ac-
complished over the last two years through
the use of models developed by the region’s
utilities and the Council. It is prudent for the
Council to improve energy planning skills,
methods, and models so that the Council’s
planning activities are of the highest pos-
sible quality. The Council has identified
special studies, enhancements to existing
models, and the development of newer,
more comprehensive energy planning tech-
niques centered around the growth fore-
casting model, the system analysis model,
and the strategic planning model.

The Council will continue to seek active
public involvement in all these activites.

During the next two years, Council activi-
ties will occur in the following areas:

26. Monitoring

A major objective of the Council in develop-
ing the plan was to deal effectively with the

obvious uncertainties facing the region. As
a result, the plan is much more than just a
document to be placed on a shelf; it estab~
lishes a continuing and adaptive process.
Therefore, a crucial Council function will
be to monitor any changes in the condi-
tions and assumptions on which the plan
depends, and Bonneville’s implementation
of the plan. This is important for two rea-
sons: (1) to ensure that Bonneville's actions
reflect the intent of the plan; and (2) to
ensure that implementation of the plan is
adaptive to changing circumstances and
new information, while still adhering to the
basic principles and objectives of the plan.
A more detailed summary of the Council’s
program to monitor and evaluate progress
is presented in Appendix A.

27. Demand Forecasting

271 Coordination of Load Forecasting
Activities. The Council will continue to
work toward a goal of coordinated demand
forecasting activities among Bonneville,
PNUCC, the Council, and other involved
parties. There are significant opportunities
for agreement on models, data, and basic
assumptions, thereby eliminating unneces-
sary duplication of effort and achieving a
common basis of understanding. The co-
operative efforts in developing the demand
models and forecasts for the plan were an
excellent start toward this goal.

27.2 Economic Forecasting Model. The
method by which forecasts of economic and
demographic data are developed should be
improved. The current model is not capable
of capturing the complex interaction be-
tween industries within the region, between
economic and population changes, and
between regional and national economic
changes. Bonneville has contracted to
develop a regional economic model which
would incorporate these interactions. The
Council will monitor progress on model
development so that this model can be
used to develop Council forecasts in the
future.

27.3 Industrial and Irrigation Forecasting
Model. The Council will improve demand
forecasting models in the irrigation and
industrial forecasting sectors.

27.4 Demand Model Valldation. An im-
portant area for the Council is the con-
tinued testing and evaluation of the demand
models based on the latest demand data
and conservation experience in the region.
Such testing of the models will lead to the
identification of areas where the models
can be improved or the underlying datacan
be refined. In addition to models used for
the plan, an alternative residential demand
model will be evaluated which was devel-
oped by the Council.

27.5 Short-Term Forecasting. Although
the Council’s forecasting and planning ac-
tivities are primarily concerned with the
long-term forecasts, monitoring of the plan
requires an understanding of short-term
developments that affect the long-term
forecasts used inthe plan. The Council will
become involved in the short-term forecast-
ing activities of Bonneville, PNUCC, and
othersin the region and will integrate those
activities into the monitoring of the plan. If
necessary, the Council will develop its own
short-term analysis capability to supple-
ment the available information and to en-
sure an adequate monitoring program. The
Council's goal is to have maximum involve-
ment of interested parties, and to ensure
coordination of short-term forecasting ac-
tivities in the region as they relate to the
monitoring activity.

27.6 Residential Electricity Use Survey
Data. Bonneville has been developing plans
for a new survey of residential use of elec-
tricity. This would be a follow-up on the
survey that forms much of the data base for
the Council’s residential demand models.
The Council has been participating actively
in Bonneville’s survey planning and expects
to continue such consultation. New data,
when available, will be used to update and
refine the residential models and to reas-
sess conservation actions that have taken
place since the previous survey in 1979.

28. Conservation and Resources

28.1 Conservation and Resources Data
Development. On a continuing basis, the
Council will seek additional and better
information related to all resources in the
Council's data base. In the near future, this
effort will concentrate on improving the
quality of the Council’s hydropower data.
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In FY84 and FY85, a broad effort will be
made to improve the Council's data base.
Attention will be focused on specific re-
sources as required. Emerging technolo-
gies such as wind, solar, and geothermal
will be closely monitored.

29. System Reliability and Rates

29.1  Decision Analysis Model. The con-
cept of risk analysis is a key element in the
Council's planning philosophy. Decisions
on resource mix, value of shorter resource
lead times, appropriate levels of resource
options, and the timing of options and re-
source acquisitions are all affected by the
complex interaction of uncertain variables.
While the planning models used by the staff
in development of the plan are excellent
tools for some purposes, they fall short in
the area of risk analysis. Thisisdue primari-
ly to the inability of the model to adjust
resource decisions internally as events un-
fold. The Council recognizes the need for.
and will develop, a tool which provides the
ability to rapidly examine the results of re-
source and option strategies applied dur-
ing the planning period.

29.2 System Anaiysis Model Enhance-
ment. While the system analysis model
played an important role in development of
the plan, it is still a very new tool and will
continue to evolve to meet the needs of
users. The Council expects to continue to
play both an advisory and an active role in
further model development.

30. Special Studies

During the process of developing this plan,
the Council discussed in public meetings a
series of issue papers and decision memos
on specific issues of importance. This pro-
cess has been particularly effective in stim-
ulating public involvement in the Council's
energy planning. and will continue through-
out the next two years.

30.1 Conditions for Resource Acquisi-
tion Other than Hydropower. Appendix E
of this plan lays out certain provisions that
Bonneville must adhere to when acquiring
hydropower resources. These provisions
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are included to protect fish and wildlife
from adverse impacts. During the next two
years, the Council will conduct a study to
evaluate criteria for the acquisition of ther-
mal plants.

30.2 Billing Credits. Bonneville is devel-
oping a billing credits policy which will be
released after this plan is adopted. The
Council will analyze the policy for conform-
ance to the plan. Based upon that analysis,
the Council may recommend modifications
of the policy. The Council will continue to
monitor and evaluate applications for bill-
ing credits to determine their effect upon
the plan.

30.3 WPPSS Schedule and Costs. The
plan assumes that the WPPSS No. 1, 2, and
3 plants will be completed on schedule and
within current budget estimates and will
contribute a large amount of power to the
region’s power supply. Changes from those
assumptions could alter considerably the
region’s energy picture and necessitate
modifications to the Council's plan. The
Council will closely monitor the construc-
tion schedules and costs of all WPPSS
plants, so that the region has early warning
of potential problems.

30.4 DS/ Loads. Recent changes in the
world aluminum market and in Bonneville
rates to Direct Service Industries (DSIs)
have raised the question of the outlook for
continued production by the aluminum
industry and other DSI customers in the
region. Because the DSIs account for a
large segment of electrical loads and Bon-
neville revenues. it is important for the
Council to keep abreast of change in the
outlook for their future. The Council will
review studies prepared by Bonneville, con-
sultants, the DSls. and other interested
parties.

30.5 Rate Design Studles. The Council
plans on studying alternative rate designs
further to determine the potential for in-
creasing the conservation penetration rates
and maintaining actual conservation sav-
ings. These studies will be done in consul-
tation with state public utility commissions.
Bonneville, and public and private utilities
in the region.

30.6 Additional Hydropower Flexibility.
Current practice limits hydropower system
flexibility to the amount of fall and winter
drawdown that can be carried by the one-
year critical streamflow level. The Council
will explore the circumstances under which
additional drawdown might be economi-
cally feasible.

30.7 Interruptible Power Markets. In a
preliminary finding, the Council estimated
a potential interruptible industrial electric
boiler market of 900 to 1400 megawatts.
The primary focus on this market study was
the forest products industry. Because of
the high expected availability of non-firm
energy during the spring runoff. potential
for serving additional, interruptible North-
west industrial loads exists. An additional,
more detailed. study will be done by the
Council. ‘

30.8 Reserves and Reliability Analysis.
The Council will continue to study the
operating reliability of the region's power
system. placing emphasis on the most
cost-effective method of providing power
system reserves. The Council will expand
this analysis to include the peak energy
needs of the system by using a new version
of the system analysis model that simulates
the hourly power requirements of the re-
gional system.

31. Public Information and
Involvement

The Council will continue its commitment
to an active public involvement and infor-
mation program. The Council believes that,
for the plan to be implemented effectively,
the public. state and federal agencies. In-
dian tribes, state and local governments,
utilities. and other interested parties must
be active participants. In addition. the Coun-
cil will undertake consumer education pro-
grams on energy conservation and will
develop a process for active public partici-
pation in revisions to the plan. These activi-
ties are further described in Appendix A.



“Ithe plan] may be amended from
time to time, and shall be reviewed
by the Council not less frequently
than once every five years”

Chapter 11
Plan Revisions and

Consistency Determinations

The Northwest Power Act recognizes the
need for this plan to be flexible and adapta-
ble to changing conditions. Section 4(d)(1)
of the Act provides that “[t]he adopted plan,
or any portion thereof, may be amended
from time to time, and shall be reviewed by
the Council no less frequently than once
every five years.” Section 4(i) of the Act
further provides that:

“The Council may from time to time
review the actions of the Administrator
pursuant to sections 4 and 6 of this Act
to determine whether such actions are
consistent with the plan and programs,
the extent to which the plan and pro-
grams is [sic] being implemented, and
to assist the Council in preparing amend-
ments to the plan and programs.”

Biennial Revisions

Recognizing that uncertainties and chang-
ing conditions will require frequent review
of the plan, the Council has decided to
review the plan formally every two years.
During the first two-year period, the as-
sumptions, forecasts, forecasting models,
and resource selection tools used to develop
this plan will be reviewed and improved as
better data become available. Other recog-
nized forecasting models will be examined
~in greater detail. Data collection activities
will be undertaken to improve the data
available to the Council and other regional
organizations. Bonneville, utilities, state and
local governments, and other interested
groups and individuals will be consuited
from time to time to gather and verify infor-
mation. Forecasting and planning models
will be revised to better reflect the condi-
tions existing in the region, and implemen-
tation of the programs in this plan will be
monitored.

On or before July 1, 1985, the Council will
propose a revision of this plan. The revised
plan will be made available for public com-
ment, and hearings will be held in accord-
ance with the requirements of the Act and
such procedures as the Council may an-
nounce when the revised plan is proposed.
As required by the Act, prior to developing
the revised plan the Council will request
fish and wildlife recommendations from the

federal and state fish and wildlife agencies,
the region’s appropriate Indian tribes, and
others. The revised power plan and fish and
wildlife program will be adopted by Decem-
ber 15, 1985. Subsequent biennial revisions
will be scheduled to coordinate with Bon-
neville’s rate case and budget processes, to
the extent practical.

The two-year planning cycle was adopted
to allow the Council enough time to con-
duct detailed research yet respond to
changing conditions. One year was consid-
ered too short to allow the Council to con-
ductthe research needed to develop useful
information and tools, to make the revi-
sionstothe plan, andto conduct the neces-
sary public participation programs. On the
other hand, a significantly longer period
would not allow the Council to respond to
the region’s changing electric energy needs.

Interim Revisions

The Council may revise this plan onits own
motion at any time. If proposed revisions
are substantial and non-technical, within
the meaning of section 4(d)(1) of the Act,
the Council will make the revisions avail-
able for public comment; will consult with
Bonneville, utilities, state and local govern-
ments, and other interested persons in the
region; and will hold public hearings as
required under the Northwest Power Act.
The Council will request fish and wildlife
recommendations regarding any major re-
vision of this energy plan from the federal
and state fish and wildlife agencies, appro-
priate indian tribes, and others. The Coun-
cil will publish its procedures atthe time the
revisions are proposed.

Council Review of Major
Resource Proposals

Pursuant to section 6(c) of the Act, the
Council will review each proposal by Bon-
neville to acquire a major resource. This
review will include all proposals to acquire
major resources, tc implement major con-

servation measures, to pay or reimburse
investigation and preconstruction expenses
of major resources, or to grant billing cred-
its or services for major resources. Foreach
such proposal, Bonneville must provide the
Council with a complete copy of the pro-
posal and a written decision including
Bonneville’s determination regarding con-
sistency with this plan. The Council may
then determine by majority vote whether
the proposal is consistent with this plan.
Bonneville may not implement any major
resource acquisition proposal if the Coun-
cil finds the proposal inconsistent with this
plan, unless Bonneville further finds that
the resource is needed to meet its obliga-
tions and Bonneville obtains Congressional
approval for that resource acquisition.

For purposes of section 6(c) of the Act, a
major resource is any resource that:

e Has a planned capability greater than 50
average megawatts; and

e |f acquired by the Administrator, is ac-
quired for a period of more than five
years. Such term does not include any
resource acquired pursuant to section
11(b){6) of the Federal Columbia River
Transmission System Act. [Act, section
3(12).]

Council Request for Action

Section 4(j) of the Act authorizes the Coun-
cil to request Bonneville to take an action
under section 6 of the Act (regarding the
acquisition of conservation and other re-
sources) to carry out Bonneville's respon-
sibilities under this plan. To the greatest
extent practicable within 90 days after the
Council’s request, Bonneville must respond
to the Council in writing specifying how
Bonneville will take the requested action or
any modification thereof or why such action
would be inconsistent with this plan or with
Bonneville's legal obligations under the Act
or other law. If Bonneville decides not to
take the requested action, the Council may,
within 60 days after Bonneville's response,
request Bonneville to hold an informal
hearing and to make a final decision.



Chapter 11

Fish and Wildlife Program
Revisions

Section 4(h)(2) of the Act requires that the
Council request fish and wildlife program
recommendations from the federal and
state fish and wildlife agencies, the region’s
appropriate Indian tribes, and others prior
to any review or major revision of this plan.
Section 1404(b)(1) of the fish and wildlife
program states that the Council will accept
recommendations for program amend-
ments on November 15, 1983, and on
November 15 every two years thereafter.
Amendments must be adopted within one
year after the deadline for submitting rec-
ommendations. The Council may also

amend the fish and wildlife program on its
own motion at any time, following the
procedures prescribed in the Act and other
applicable laws.

In order to coordinate the timing of the fish
and wildlife program amendments with the
revisions to this plan, the Council has
amended Section 1404(b) (1) of the fish and
wildlife program to accept recommenda-
tions for program amendments on Novem-
ber 15, 1983, December 15, 1984, and on
December 15 every two years thereafter.
The Council does not anticipate revising
the power portion of this plan in conjunc-
tion with the November 15, 1983 fish and
wildlife program amendment process.

To coordinate formal revisions of the fish
and wildlife program and this pian, the fol-
lowing schedules will apply:

Deadiine for
Fish and Wildlite

Revision of
Fish and Wildlite Revision of
Prog Energy Plan

November 15, November 15, None

1983 1983

December 15, December 15, December 15,
1984 1985 1985

December 15, December 15, December 15,
1986 1987 1987

Draft revisions of the fish and wildlife pro-
gram and power plan will be distributed for
public comment on or before July 1 of the
year shown for revisions. Subsequent bien-
nial revisions will be coordinated in a sim-
ilar fashion.
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available technology

The range of efficiency choices for electri-
cal appliances or other equipment that are
currently known technologies and are ex-
pected to be generally available in the mar-
ketplace at some time during the twenty-
year planning period.

average cost pricing

A concept used in pricing of 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

A unit of energy output over a specified
time period. It is equivalent to the total
energy in megawatt-hours divided by 8,760
(the number of hours in a year.)

baghouse
An air pollution control device which uses a
series of fabric bags to trap particles.

base load

The minimum load in a power system over
agiven period of time. Base load resources
run continually except for maintenance
and scheduled or unscheduled outages.

billing credit

Under the Northwest Power Act, a payment
by Bonneville to a customer (in cash or
offsets against billings) for actions taken by
that customer to reduce Bonneville's obli-
gations to acquire new resources.

“Blue Book”
See PNUCC “Blue Book.”

Bonneville Power Administration
(Bonneville)

A federal agency that markets the power
produced at ali federal hydropower damsin
the Columbia River Basin. Bonneville sells
power to public and private utilities, Direct
Service Industrial customers, and various
public agencies. The Northwest Power Act
charges Bonneville with other duties in-
cluding pursuing conservation, acquiring
sufficient resources to meet its contract
obligations, and implementing the Coun-
cil's plan.

Btu (British thermal unit)

The amount of heat energy necessary to
raise the temperature of one pound of
water one degree Fahrenheit (3,412 BTUs
are equal to one kilowatt-hour).

Buy-back

A conservation program that, in effect, pur-
chases electric energy in the form of conser-
vation measures installed by a consumer.
The consumer is paid a certain amount per
kilowatt-hour of energy saved.

capacity

Maximum power output, expressed in kilo-
watts or megawatts. In terms of transmis-
sionlines, this refers to the maximum load a
line is capable of carrying.

call-back

A power sale contract provision that gives
the seller the right to stop delivery of power
to the buyer when needed to meet other
specified obligations of the seller.

cogeneration

(1) The recovery of excess or “waste”
energy created by various industrial and
commercial applications to produce elec-
tricity; (2) the simultaneous production of
electricity and other useful energy from a
fuel source.

combined cycle

The combination of a steam turbine and a
gas turbine in an electric generation plant.
The waste heat from the first turbine cycle
provides the heat energy for the second
turbine cycle.

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.

curtailment

An externally imposed reduction of energy
consumption. Does not include response
to price.

cyclone
An air pollution control device using gravity
to remove large particles.

Direct Application Renewable Resource
The use of solar, wind, water, geothermal,
or other similar sources of energy to directly
reduce the electric power requirements of a
consumer.

drawdown

Release of water from a reservoir for pur-
poses of power generation, flood control,
irrigation, or other water management ac-

tivity.

electricity intensity

The level of electric use relative to some
measure of size or activity for a specific
sector of the economy. For example, con-
sumption of electricity per household or
use of electricity per employee.

electrostatic precipitator

An air pollution control device using an
electric charge to remove particles from
power plant stack emissions.

energy
That which does, or is capable of doing,
work. Energy is measured in terms of the
work it is capable of doing. Electric energy
is commonly measured in kilowatt-hours.

Average annual energy is the total kilowatt-
hours generated divided by the number of
hours in one year. The Northwest “Power
Year” extends from July through June.

equivalent availability

The ratio of the maximum amount of energy
a generating unit can produce, after ad-
justment for maintenance and forced out-
age, to the capabity of the unit. It also
represents an upper limit for a long-run
(annual or longer) capacity factor for a
generating unit. For example, a unit with an
equivalent availability 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.
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Federal Energy Regulatory Commission
(FERC)

A federal agency which regulates interstate
aspects of electric power and natural gas
industries. [t has jurisdiction over the
licensing of hydropower projects and the
setting of some rates. The FERC was for-
merly the Federal Power Commission.

firm energy

Electric energy which is considered as-
sured to the customers to meet all agreed
upon portions of the customers’ load require-
ments over a defined period.

firm surplus

An excess amount of firm energy for which
there is no market in the region at any
established rate.

forecast

An estimate of the level of energy that is
likely to be needed at some time in the
future.

generation

The act or process of producing electricity
from other forms of energy. Also, the
amount of energy so produced.

geothermal
Useful energy derived from hot rock, hot
water, or steam in the earth’s surface.

hydroelectric power (hydropower)

The generation of electricity using falling
water to turn turbo-electric generators. In
addition to providing energy, this type of
generation is well suited to providing peak
load power, due to the relative ease of
changing the amount of power output.

incrementai system cost
Inthe plan, this term refers to any additional
cost to the region’s ratepayers.

infiltration control

Conservation measures, such as caulking
and weatherstripping, which are taken to
reduce the amount of cold air entering or
warm air escaping from a building through
cracks around doors and windows and
poorly sealed vent dampers.

Glossary-2

Intercompany Pool (ICP)

An organization formed to coordinate the
power operations of the investor-owned
utilities of the Pacific Northwest. The ICP
includes Portland General Electric, Pacific
Power and Light, Puget Sound Power and
Light, Washington Water Power, Montana
Power Company, ldaho Power Company,
Utah Power and Light, and Sierra Pacific
Power Company.

interruptible power
Power that, by contract, can be interrupted
in the event of a power deficiency.

intertie

A transmission line or system of lines per-
mitting a flow of energy between major
power systems.

kilowatt (kW)
The electrical unit of power which equals
1,000 watts.

kilowatt-hour (kWh)

A basic unit of electrical energy which
equals one kilowatt of power applied for
one hour.

leach
To be dissolved and washed out by perco-
lating water.

level ditching

The construction of ditches around a reser-
voir so that when the reservoir's water level
is lowered, some water remains to preserve
wildlife habitat.

levelized cost

The present value of a resource’s cost
(including capital, interest, and operating
costs) converted into a stream of equal
annual payments and divided by annual
kilowatt-hours saved or produced. For ex-
ample, the amount borrowed from abank is
the present value of buying a house; the
mortgage payment including interest on a
house is the levelized cost of that house.

load
The amount of electric power required at a
given point on a system.

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.

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
consumption to the region due to addi-
tional resources being required. It does not
include consideration of such additional
costs to any specific utility due to its pur-
chases from Bonneville at average cost.

megawatt (MW)
The electrical unit of power which equals
one million watts or 1,000 kilowatts.

mill
A tenth of a cent. The cost of electricity is
often given in mills per kilowatt-hour.

net billed plants

Refers to the 30 percent share of the Trojan
Nuclear Power Plant and all of WPPSS 1, 2,
and 70 percent of WPPSS 3.

net billing

Refers to afinancial arrangement that made
it possible for the publicly owned utilities,
which owned shares in thermal projects, to
sell Bonneville all or part of the generating
capacity of these resources. Bonneville
credited and continues to credit the whole-
sale power bills of these utilities to cover the
costs of their shares in the thermal re-
sources. Bonneville then selis the output of
the thermal plants, averaging the higher
costs of the thermal power with lower cost
hydropower.

non-firm energy
Energy which is subject to interruption or
curtailment by the supplier. Same as second-

ary energy.

option
The purchase of a right to acquire a re-
source within a particular time on specified
terms.
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Pacific Northwest (The Region)
According to the Northwest Power Act, the
area consisting of Oregon, Washington,
Idaho, Montana west of the Continental
Divide, and such portions of Nevada, Utah,
and Wyoming as are within the Columbia
River Basin. Italso includes any contiguous
areas not more than 75 miles from the
above areas which are part of the service
area of a rural electric cooperative custom-
er served by Bonneville on the effective
date of the Act and whose distribution sys-
tem serves both within and without the
region.

Pacific Northwest Coordination Agreement
An agreement between federal and non-
federal owners of hydropower generation
on the Columbia River system. It governs
the seasonal releases of stored water to
obtain the maximum usable energy subject
to other uses.

Pacific Northwest Utilities Conference
Committee (PNUCC)

Formed by Pacific Northwest utility offi-
cials in order to coordinate policy on Pacific
Northwest power supply issues and activi-
ties. 1t 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 Coordinator Group. PNUCC
publishes the Northwest Regional Forecast
and the Blue Book, containing information
on regional loads and resources.

peak capacity
The maximum capacity of a system to meet
loads.

peak demand
The highest demand for power during a
stated period of time.

penetration rate

The annual share of a potential market for
conservation that is realized, as in “7 per-
cent of the region's homes have been
weatherized this year.”

photovoltaic

Direct conversion of sunlight to electric
energy through the concentration of solar
radiation through thin layers of semi-con-
ductor materials (silicon).

PNUCC “Blue Book”

Refers to a publication of the Pacific North-
west Utilities Conference Committee
entitted Long Range Projection of Power
Loads and Resources to Resource Plan-
ning, Northwest Regional Area 1982-1983
Through 2001-2002. It contains informa-
tion on regional loads and forecasts.

present value

The worth of future returns or costs in
terms of their value now. To obtain a pres-
ent value, an interest rate is used to dis-
count these future returns and costs.

quantifiable environmental costs and
benefits

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 quartiles. The top quartile is the
portion of that load most susceptibie to
interruption.

Region (See Pacific Northwest)

reliability

The ability of the power system to provide
customers uninterrupted electric service at
their point of service. Includes generation,
transmission, and distribution reliability.
The plan deals only with generation
reliability.

renewable resource

Under the Northwest Power Act, aresource
which utilizes solar, wind, water (hydro),
geothermal, biomass, or similar sources of
energy, and which either is used for electric
power generation or which reduces the
electric power requirements of a customer.

reserve capacity

Generating capacity available to meet un-
anticipated demands for power, or to gen-
erate power in the event of outages in nor-
mal generating capacity. This includes de-
lays in operations of new scheduled gen-
eration. Forced outage reserves apply to
those reserves intended to replace power
lost by accident or breakdown of equip-
ment. 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 planned
electric capability of generating facilities, or
actual or planned load reduction resulting
from direct application of a renewable re-
source by aconsumer, or from a conserva-
tion measure.

retrofit
To weatherize an existing structure.

shipment weighted efficiency

The weighted average efficiency of similar
appliances (e.g., 16- to 18-cubic foot frost-
free refrigerators) sold in a given year,
which is calculated by multiplying the unit
efficiency by that unit’s share of total sales.

simple payback

The time period required before the sav-
ings from a particular investment offsets its
cost. For example, an investment costing
$100 and resulting in a savings of $25 the
first year would be said to have a simple
payback of four years. Simple paybacks do
not account for future cost escalation, nor
other investment opportunities.

siting

The process of situating or locating a
power plant on a site, including any appli-
cable regulatory requirements.

space conditioning

Controlling the conditions inside a building
in order to maintain human comfort and
other desired environmental conditions
through heating, cooling, humidification,
dehumidification, and/or air quality modifi-
cations.

strategic planning model

The strategic planning model is acomputer
model that chooses the best set of re-
sources to minimize the cost of expanding
and operating the regional power system
while taking account of variations in water
conditions and long-term demand forecast
variations.

sunk cost
A cost already incurred and therefore not
considered in making a current investment
decision.
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surcharge

Under the Northwest Power Act, an addi-
tional sum added to the usual wholesale
power rate charged to a utility customer of
Bonneville to recover costs incurred by
Bonneville due to the failure of that cus-
tomer (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 con-
servation standards.

System Analysis Model (SAM)

One of the computer models used by the
Council to determine resource cost-effec-
tiveness. The model performs a detailed
simulation of the Northwest generating
system to estimate the cost associated with
a specified set of loads and resources. It
incorporates uncertainty associated with
hydropower, thermal availability, resource
arrival, and load fluctuation due to eco-
nomic cycles.

Glossary-4

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
disposal costs, end-of-cycle costs, fuel
costs (including projected increases), and
quantifiable environmental costs and bene-
fits Bonneville determines (using a method-
ology developed by the Council in its plan)
are directly attributable to the measure or
resource.

thermal resource

A facility that generates electricity by burn-
ing coal, oil, or other fuel, or by nuclear
fission.

tieline
Atransmission line connecting two or more
regional power systems.,

transmission

The act or process of transporting electric
energy. In the Pacific Northwest, Bonne-
ville operates a majority of the high-voltage,
long-distance transmission lines.

Washington Public Power Supply System
(WPPSS)

Municipal corporation and joint operation
agency in Washington comprised of repre-
sentatives of public utility districts and
municipal utilities. Based on power pur-
chase contracts of its members or other
utilities, WPPSS has the power to acquire,
construct, and operate plants and facilities
for the generation or transmission of elec-
tric power.

wet scrubber

A pollution control device using a solution
of water and limestone to remove sulfur
and other pollutants from stack emissions.



Appendix A
Role of the Council

The Northwest Power Planning Council
was created on April 28, 1981 in accor-
dance with the Pacific Northwest Electric
Power Planning and Conservation Act (the
Act) (P.L. 86-501). The Council is aregional
agency made up of eight members, two
each from the states of ldaho, Montana,
Qregon, and Washington, who are ap-
pointed by their governors and confirmed
by their legislatures. The Council is not an
agency of the United States government.

The Act’s purpose is to encourage conser-
vation and the development of renewable
resources in the Northwest to assure an
adequate, efficient, economical, and relia-
ble power supply, and to provide for broad
public participation and consultation in the
development of a regional power plan and
related fish and wildlife program.

The Council’s major responsibilities under
the Northwest Power Act fall into three
categories: (1) the adoption of a regional
energy plan and fish and wildlife program,
{2) monitoring the implementation of the
energy plan and fish and wildlife program
and taking corrective action as necessary,
and (3) informing the public about and
involving the public in regional energy and
fish and wildlife issues. This Appendix de-
scribes how the Council has met and will
continue to meet these responsibilities.

I. Legal Role of the
Council

Section 4(d)(1) of the Act requires the
Council to prepare a regional conservation
and electric power plan within two years
after the Council is established.

The plan must give priority to resources
which the Council determines to be cost-
effective (defined in the Act to mean
cheaper than the lowest-cost, similarly reli-
able, and available alternative measure or
resource). “Priority shall be given: first, to
conservation; second, to renewable re-
sources; third, to generating resources util-
izing waste heat or generating resources of
high fuel-conversion efficiency; and fourth,
to all other resources.” [Section 4(e)(1).]

The plan must set forth a general scheme
for implementing conservatiopn measures
and developing resources pursuant to the
conservation and resource acquisition pro-
visions of the Act. The plan must be de-
signed to reduce or meet the Bonneville
Administrator's obligations to provide
power “with due consideration by the Coun-
cil for (A) environmental quality, (B) com-
patibility with the existing regional power
system, (C) and protection, mitigation, and
enhancement of fish and wildlife and re-
lated spawning grounds and habitat, in-
cluding sufficient quantities and qualities
of flows for successful migration, survival,
and propagation of anadromous fish.”
[Section 4(e)(2).]

Toaccomplish the priorities established by
the Act, Congress required that the plan
include the following elements to be set
forth in such detail as the Council deems
appropriate: (A) An energy conservation
program, including model conservation
standards; (B) Recommendations for re-
search and development; (C) A method for
determining quantifiable environmental
costs and benefits; (D) A twenty-year fore-
cast of electric energy demand and a
twenty-year power resources forecast, in-
cluding the portion of demand to be met by
resources in each of the four priority cate-
gories; (E) An analysis of reserves and reli-
ability requirements and cost-effective
methods for providing reserves designed to
ensure adequate electric power at the low-
est probable cost; (F) A Columbia River
Basin Fish and Wildlife Program pursuant
to section 4(h) of the Act; and (G) A method
for calculating surcharges to be imposed
on a utility that fails to implement mode!
conservation standards or programs that
achieve comparable savings. [See section
4(e)(3) of the Act.]

The model conservation standards to be
included in the plan “shall include, but not
be limited to, standards applicable to (A)
new and existing structures, (B) utility, cus-
tomer, and governmental conservation pro-
grams, and (C) other consumer actions for
achieving conservation. Model conserva-
tion standards shall reflect geographic and
climatic differences within the region and
other appropriate considerations, and shall
be designed to produce all power savings
that are cost-effective for the region and

economically feasible for consumers, tak-
ing into account financial assistance made
available to consumers under [the Conser-
vation and Resources Acquisition] section
6(a) of the Act.” [Section 4(f)(1).]

Following adoption of the Council’s plan,
all actions of the Bonneville Administrator
pursuantto the Conservation and Resource
Acquisition section of the Act must be con-
sistent with the plan. [See section 4(d}(2).]

The Act requires that in the preparation,
adoption, and implementation of the plan,
the Council and the Administrator must
encourage the cooperation, participation,
and assistance of appropriate federal
agencies, state entities, local governments,
and Indian tribes. [Section 4(g)(3).]

Columbia River Basin Fish and
Wildiife Program

The Act requires the Council to obtain
recommendations and prepare a compre-
hensive program to protect, mitigate, and
enhance fish and wildlife, including related
spawning grounds and habitat onthe Colum-
bia River and its tributaries pursuant to sec-
tion 4(h) of the Act. This program was devel-
oped on the basis of the recommendations
and comments from Indian tribes, fish and
wildlife agencies, the utility community,
and others. After extensive public com-
ment, hearings, and consultation with
affected parties, the Council adopted its
Columbia River Basin Fish and Wildlife
Program on November 15, 1982. The power
plan presented here is compatible in all
respects with the fish and wildlife program.
A detailed description of the process used
in developing the Columbia River Basin
Fish and Wildlife Program is in Section 102
of that document.

Implementation Oversight

The Act also provides an oversight role for
the Council. Under section 6(c) of the Act,
the Council has the authority to determine
if major resource acquisitions (more than
50 average megawatts) proposed by Bon-
neville are consistent or inconsistent with
this Regional Conservation and Electric
Power Plan. If the Council determines that
a proposed major resource acquisition is

A-1
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inconsistent, Bonneville will be unable to
acquire the resource unless (1) it finds the
resource is needed to meet its obligations,
and (2) expenditure of funds for that pur-
pose is specifically authorized by an act of
Congress.

The Council will also review Bonneville's
actions under the provisions of the Act to
determine the extent to which its plan is
being implemented. (See Section Il of this
Appendix.) In addition, the Council may
request Bonneville to take actions under
the conservation and resource acquisition
provisions of the Act. [See section 4(j).]

ll. Program for Monitoring
and Evaluating
Progress

Regional planning is an ongoing process.
Because of the major uncertainties asso-
ciated with long-term electric power plan-
ning, the power plan must be flexible and
adaptable to changing conditions. Uncer-
tainties have been identified and dealt with
as an inherent part of the Council's power
planning activities. However, adapting to
uncertainty and changing conditions re-
quires not only that uncertainties be identi-
fied and the plan have the flexibility to react
to deviations, but also that the planning
process have the capability to monitor im-
plementation of the plan to provide advance
information and warning of deviations so
that appropriate Council responses can be
taken.

The need for the plan to be flexible and
adaptable to changing conditions is recog-
nized in the Act. Section 4(d)(1) of the Act
states:

The adopted plan, or any portion there-
of, may be amended from time to time,
and shall be reviewed by the Council not
less frequently than once every five
years.

Section 4(i) specifies:

The Council may from time to time
review the actions of the Administrator
pursuant to section 4 and 6 of this Act to
determine whether such actions are

consistent with the plan and programs,
the extent to which the plan and pro-
grams is being implemented, and to
assist the Council in preparing amend-
ments to the plan and programs.

In addition, section 4(k)(1) states:

Not later than October 1, 1987, or six
years after the Council is established
under this Act, whichever is later, the
Council shall complete athorough anal-
ysis of conservation measures and con-
servation resources implemented pur-
suant to this Act during the five-year
period beginning on the date the Coun-
cil is established.

Thus, the Council’s program for monitor-
ing and updating the power plan has three
major features:

1. The plan will be formally updated and
reissued on a regular basis.

2. The assumptions and forecasts used to
develop the plan as well as the imple-
mentation and effectiveness of the plan
will be monitored.

3. If necessary, additional Council actions
will be taken and the plan modified prior
to the formal plan revision.

Monitoring and updating the plan will be an
integral part of the regional planning proc-
ess. The major interactions among the var-
ious regional planning, legislative, and reg-
ulatory organizations involved in imple-
menting and monitoring the power plan are
illustrated in figure A-1. As shown, the
Councilisresponsible for developing, mon-
itoring, and updating the power plan. The
Council plans on maintaining programs to
encourage public participation and con-
tinued consultation of regional organiza-
tions in all phases of its activities. (Section
Il of this appendix describes past public
information and involvement activities and
future plans.)

Bonneville and a number of regional and
federal organizations are responsible for
implementing the recommendations of the
Council. [Section 4(j).] Bonneville is re-
sponsible for developing and administering

the recommendations and programs and
for providing proper signals to other
regional organizations. These organiza-
tions are responsible for responding to the
program'’s incentives, surcharges, or other
signals provided.

In turn, the Council will periodically moni-
tor the progress that both Bonneville and
other regional and federal organizations
have made toward achieving the goals of
the plan. The method used to monitor prog-
ress will be to compare the actual program
development and administration activities
of Bonneville and the response of the var-
ious regional and federal organizations and
the public to these programs with the
recommendations stated in the power plan.

The key aspects of this monitoring pro-
gramare outlined in the following sections.

Purpose

The purpose of the monitoring program is
to provide the Council with the information
necessary to determine whether or not the
forecasts, assumptions, analyses, and rec-
ommendations contained in the power plan
are developing or evolving as anticipated. If
the provisions of the plan are being met,
then there is no reason for changing the
plan or for future evaluation. If the provi-
sions are not being met, then additional
investigation and evaluation will be required
to determine the cause of the deviation and
to develop an appropriate response. The
purpose of the monitoring program is to
point out areas of possible discrepancy, not
to provide a complete evaluation of the
causes fora discrepancy. Monitoring infor-
mation is necessary but not sufficient for
evaluation.

Process

The key to any tracking and monitoring
system is the ability to compare forecast or
desired system behavior with actual behav-
ior. In the case of the plan, it is necessary
to develop indicators of actual demand
growth, conservation program effective-
ness, resource acquisition status, etc., to
compare with the assumption and fore-
casts made as part of the planning process.
This concept is illustrated in figure A-2,
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The Council — Develop Bonneville — Monitor
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Special Studies L Options (Policies and Siting)

As shown in figure A-2. “indicators” are
used to compare actual or historical behav-
ior with forecast or assumed behavior.
Indicators have three attributes: (1) actual
data must be available for them. (2) they
must either be forecast or have had values
assumed for them, and (3) they should be
parameters to which the forecasting pro-
cess is sensitive.

Examples of indicators of system perform-
ance shown in figure A-2 are: electrical use
per household, state population growth.
number of resource options with final per-
mits. and actual numbers of migrating fish.
The desired or assumed values would result
from the planning process while the actual
values result from data collected by other
regional entities or by the Council as part of
the monitoring functions.

Comparing actual with forecast behavior
requires an adjustment or reconciliation
process to account for other factors such
as economic activity and annual weather
conditions that may cause differences be-
tween assumed or forecast indicator values

-~ Program Administration

Federal Organizations
tOptions Policy
Fish and Wildlife Programs

Feedback to Next Plan or to Corrective Action

Figure A-1.
Power Plan Organizational Activities

and actual indicator values. Even after

ngg;’;’;’f’:f’gm Actual Value adjustments have been made for these fac-
Prior Plan of Incicators tors, however, differences may exist be-

tween actual and forecast indicators.

Sources of these differences may result

from random variations. systematic errors

in forecasting methodology. or variations in

/ implementation/compliance of programs
specified in the plan.

Compare

Weather
and Economic If deviations cannot be explained by look-

Activity Effects i e .
4 ing at these sets of indicators, and the devi-

Y ations represent a significant influence
which may require a change in policies or
programs, it may be necessary to under-
take some special data collection efforts
* (surveys or studies) to understand what is

Adjust for
Known Influences

Evaluate happening.
Random Variations, Systematic Errors,

Variances in Compliance/implementation

While the monitoring process presented in

; figure A-1is shown as a linear process, it
Inputs to utilizes an information “feedback loop”
Next Plan whereby the evaluation and analysis done

during one planning cycle will lead to
improved methods and data during the

Figure A-2. next planning cycle. When properly utilized
Conceptual Overview of Monitoring Process this feedback of information will allow the
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Council and other regional power planning
organizations to do a better job in regional
energy planning with each successive plan
update.

Emphasis

Because of the large number of uncertain-
ties influencing supply and demand for
electricity, and the lack of prior experience
in working with a monitoring system, the
initial emphasis will be on monitoring the
institutional response to the programs and
recommendations contained in the plan.
While the data collection system and indi-
cators can be established and utilized at
this time, it is likely that the major monitor-
ing function will be to see what programs
are actually established by institutions such
as Bonneville, utilities, state and local gov-
ernments, and consumers, in response to
the goals and policies established in the
plan.

Strategic and Tactical Goals

One of the problems associated with the
design of the monitoring system stems
from the difference in the time period
between the long-term plan (twenty years)
and the short-term monitoring period (two
years). Long-term plans and forecasts in-
clude techniques, data, and assumptions
suitable for the long-run trends. These
data, and assumptions are typically signifi-
cantly different in character and detail than
those intended for short-term planning and
techniques, forecasting. Accordingly, care
must be exercised when evaluating a long-
term plan and forecast over a short-term
period.

To help overcome this problem, the plan
has two levels of detail. The first level, the
twenty-year plan, is the strategic or policy
level. Factors considered at this level in-
clude long-term socio/demographic trends,
power demand, strategic resource availa-
bility, and general objectives and measures
of performance. In general, the long-term
strategic plan is prepared first; this is fol-
lowed by shorter range two-year action
plans which are tactical and operational in
nature and include greater detail. The two-
year plan presents the steps that must be

accomplished in the near term to reach the
goals set forth in the long-term strategic
plan.

Itis at this second, more detailed level, that
the majority of the monitoring activities
take place. Since the ongoing planning
activities will be based on a two-year plan-
ning cycle, it is logical that the monitoring
efforts focus on the two-year action plan
(chapter 10).

Status Reports

The status of all conservation and generat-
ing resources, programs, and recommenda-
tions contained in the plan will be moni-
tored. A monitoring status report has been
developed outlining the monitoring proc-
ess to be followed for each important pro-
gram and recommendation contained in
the plan that lends itself to this report for-
mat. The information contained in each pro-
gram monitoring statuss report includes:

* Program Identification. This section
identifies the program or recommen-
dation (conservation, resource option,
model building standard.fish and wild-
life measure, etc.).

* Program Description. This section gives
a brief description of the program or rec-
ommendation.

¢ Program Goals. Both the long-term stra-
tegic goals and the shorter-term tactical
goals of the program are presented in
this section.

* Implementation Organizations and Re-
sponsibilities. The purpose of this sec-
tion is to define the responsibilities and
actions required by various organiza-
tions to achieve the program goals.

® Program Evaluation Summary. The pur-
pose of this section is to summarize the
actual status or cost-effectiveness of the
program.

e Data and Information Sources. The
sources of data and information used to
monitor the program are listed in this
section.

® Trigger Action/Response Plan. This sec-
tion will outline, if possible, the actions
that will be taken by the Council in
response to various levels of deviation of
the actual program implementation from
the goals specified.

Functional Areas

The functional organization of the tracking
and monitoring system closely follows con-
ventional electric power planning functions
and the organization of the Council. There
are five major functional areas included in
the overall monitoring system. The moni-
toring activities to be conducted under
each of these areas are summarized in fig-
ure A-3 and briefty described below.

Economic/Demographic

The purpose of the economic/demogra-
phic monitoring activity will be to track a
number of indicators of regional economic
and demographic conditions. Since eco-
nomic activity within the Pacific Northwest
is partly determined by national economic
conditions, indicators of national economic
activity will also be monitored.

Demand Forecasting

The objective of monitoring demand fore-
castingistocompare the forecasts and assump-
tions contained in the plan with the actual
demand and conditions experienced.

Conservation and Resources

The objective of the conservation and re-
source monitoring area is to monitor the
performance, cost-effectiveness, and im-
pacts of all conservation and generating
resource programs as well as to track and
monitor the status of resources in the
option and acquisition phases. Resources
not included in the plan but potentially
available in the region will also be moni-
tored.

Rates and Reliability

The primary function of the reserves and
reliability monitoring area is to develop
revised resource acquisition schedules
using the conservation and resource data
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bases and the power system planning and
optimization models. The Council will also
monitor the implementation of rate recom-
mendations.

To develop a new resource acquisition
schedule, data on the actual status and per-
formance of the resources and the new
twenty-year demand forecast are used in
conjunction with the demand/resource
matching methods to develop a new twenty-
year resource acquisition plan.

Fish and Wildlife

The Council's fish and wildlife program
contains a number of measures for research
design, construction, operation, and main-
tenance of hydropower facilities. The moni-
toring activities associated with the fish and
wildlife program, including the oversight
activities of the Council's Fish and Wildlife
Committee, are presented as an integral
part of the fish and wildlife program. Addi-
tional measures relating to the impacts of
hydropower resources on the fish and wild-
life in the region are planned and progress
will be monitored over the next two years.

MONITORING PROGRAM

PURPOSE: To monitor implementation
of the power plan and recommend
changes to the plan if necessary

i1l. Public Information
and Involvement
Program

One of the fundamental purposes of the
Act is to provide for the participation and
consultation of the four Northwestern
states, local governments, consumers, Bon-
neville customers, users of the Columbia
River system, and the public in the devel~
opment of regional energy and fish and
wildlife plans and programs. [Section
2(3)(1).] The four-state regional Council
plays a crucial role in this process. The
Council is specifically directed by the Act to

;
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To monitor actual vs.
forecasted load and
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SUPPLY

FISH AND WILDLIFE

To monitor the performance
and acquisition schedule

Monitor implemen-
tation of the
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PURPOSE: To monitor
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PURPOSE: To monitor
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loads

CONSERVATION AND
RESOURCES

RATES AND RELIABILITY

Monitor the performance,
cost-etfectiveness, and
impacts of all exisiting
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Monitor rate recommenda-
tion and develop resource
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[ Monitor and coliect
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L Monitor schedule and
status of all resources

in R&D, feasibility

study, option, and
acquisiton phases

b Monitor BPA and State
power pilan implementa-
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L Manage ang conduct
special studies

Figure A-3.

Monitoring Areas and Activities

— Mornitor the rate
impact of resource
portfolios

- Monitor implemerntation
of rate recommenda-
tions

b Develop resource
acquisition schedules

. Manage and conduct
special studies-
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inform the Pacific Northwest public about
major regional power issues, obtain public
views concerning major power issues, and
secure the advice and consultation of Bon-
neville’s customers and others. [Section
4(g)(1).] The Act also requires the Council
to form a voluntary Scientific and Statistical
Advisory Committee to assist in the collec-
tion of relevant information in formulating
the energy plan and fish and wildlife pro-
gram. [Section 4(c)(11).] The Council ful-
filled each of these obligations in adopting
the fish and wildife program and energy
plan and will continue to fulfill its role in
involving and informing the public about
regional energy and fish and wildife issues
in the future.

The process which the Council used in
developing the Columbia River Basin Fish
and Wildlife Program is set forth in that
program which is integrated into the plan
as Volume Ill. The process which the
Council used in developing this energy
plan is summarized below.

The Council, from the time of its formation,
has committed itself to an active public
information and involvement program. This
commitment has included regular public
meetings and workshops throughout the
region, publication of amonthly newsletter,
and a variety of other efforts outlined below.

Immediately after its formation, the Council
began holding public meetings throughout
the Northwest. These meetings, held ap-
proximately twice each month, provided
opportunities for the public to present their
views to the Council on energy and fish and
wildlife issues. The Council also consulted
with the utility and industrial customers of
Bonneville, consumer and environmental
groups, state and local governments, and
Bonneville throughout the development of
the draft plan.

The Council, as authorized by section
4(c)(11) of the Act, formed a voluntary
Scientific and Statistical Advisory Commit-
tee (SSAC) in August 1881. The Committee
had 68 members from throughout the
Pacific Northwest representing federal,
state, local, and Indian tribal governments,
consumer and environmental groups, and
customers of Bonneville. The committee

worked through five subcommittees: Fore-
casting, Conservation, Resource Assess-
ment, Reserves and Reliability, and Fish
and Wildlife. Subcommittee mestings were open
to the public and were attended by Council
members and Council staff. An Executive
Committee coordinated the activities of the
subcommittees. Approximately 1,500 indi-
viduals and organizations received sub-
committee agendas and minutes.

In the fall of 1981, the Council issued a
Request for Proposals (RFP) for six major
studies: electricity-demand forecast model-
ing, conservation and resource assess-
ment, policy options and programs, rate
design and analysis, reserves and reliability
analysis, and quantification of environmen-
tal costs and benefits. The members of the
Advisory Committee and Bonneville re-
viewed the RFP before it was issued. Coun-
cil members, staff, and Advisory Commit-
tee members participated in contractor
interviews. During the spring of 1982 con-
tractors were required to make public pres-
entations to the Council and to the Scien-
tific and Statistical Advisory Subcom-
mittees. Final contractor reports were sub-
mitted in the summer of 1982, and the
Council began using these tools to develop
elements of the draft plan. The contractor
reports were announced in the Council
newsletter. They were distributed to approx-
imately 400 individuals and organizations
that requested them.

In developing its electric demand forecast,
the Council requested projections of eco-
nomic growth from over 200 businesses
and industries in the region. These
responses were used in developing the
Council’'s economic and demographic pro-
jections, which are the backbone of the
Council's electric demand forecast.

In March of 1982, the Council began pub-
lishing a monthly newsletter, Northwest
Energy News. The newsletter focuses on
regional energy news, major energy issues
(i.e., rates, forecasting, conservation, and
fish and wildlife}, and Council activities.
The newsletter is also used to notify the
public of Council meetings, subcommittee
meetings, public involvement activities in
the states, and the availability of Council
publications. The newsletter circulation is
currently about 12,000. Meeting notices
were also published in the Federal Register.

To encourage broad public involvement in
the preparation of the draft plan, the Coun-
cil identified 24 key issues to be addressed
in the draft. Papers were prepared on each
of these issues for review by the Scientific
and Statistical Advisory Committee and
other interested parties. Availability of the
issue papers was announced in the Coun-
cil’'s newsletter. Approximately 900 sets of
the issue papers were distributed to the
public. The Council revised the issue pap-
ers and developed decision memoranda
based on the comments of the Advisory
Committee and the public at large. The
Council then made decisions, incorporat-
ing the extensive public comment it
received.

From March through June of 1982, the
Council sponsored town hall meetings on
regional power issues in 22 locations
throughout the Northwest. These public
meetings were planned and organized by
the Council members from each state. The
Council produced a slide/tape show for the
meetings which explained the role of the
Council, its planning process, and major
issues to be addressed. The town hall meet-
ings provided an opportunity for the public
to become acquainted with the Council
and its decisionmaking process. All of the
town hall meetings were widely publicized
and well attended.

The town hall meetings were followed by
more intensive energy workshops during
the months of October and November.
These sessions served as a forum for the
public to discuss with Council members a
number of key issues facing the Council.

The Council worked closely with local
governments through the local government
associations in the four states. A paper on
local governments and the Act was distrib-
uted to all cities and counties in the region.

The Council expanded its public informa-
tion and involvement effort with the adop-
tion of the draft planin late January. During
February, the Council organized a series of
energy briefings to inform the public about
the draft plan. The Council produced a film
on the draft plan which was used for the
briefings and also distributed to utilities,
industries, and groups for their use. View-
graphs and background papers were also
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produced for the briefing and then distrib-
uted widely. The Council also conducted
an extensive direct mailing effort to various
interested groups about the plan. In late
February, the Council inserted a tabloid in
all of the region'’s daily newspapers (circu-
lation 2.6 million) to explain the major
issues in the draft plan and to encourage
participation in the hearings. The tabloid
was also distributed to libraries and to a
number of organizations. The Council also
produced and distributed a public service
announcement to announce the availability
of the draft. Over 14,000 copies of the draft
plan were distributed.

A series of public hearings to receive com-
ments on the draft energy plan were held
beginning in Pocatello, |daho (ldaho Field
Hearing) on March 7, followed by Missoula,
Montana on March 9; Boise, Idaho on
March 11; Coeur d'Alene, Idaho on March
14; Salem, Oregon on March 16and 17; and
Seattle, Washington on March 17 and 18.

Approximately 400 individuals and organi-
zations presented testimony at the hear-~
ings. By the close of the public comment
period on March 21, the council had re-
ceived 18,000 pages of comments from
over 1,200 individuals and groups.

The Council maintains a public reading
room at its central office in Portland where
the public can review contractors’ studies
and other reports as well as comments
received relating to the development of the
fish and wildlife program and the energy
plan. Council agendas and newsletters are
mailed to approximately 12,000 organiza-
tions and individuals. The Council main-
tains toll-free telephone lines (1-800-222-
3355 for Idaho, Montana, and Washington
and 1-800-452-2324 for Oregon) to encour-
age public access to the Council.

With the adoption of the pian, the Council
reaffirms its strong commitment to an active
public involvement and information pro-
gram. The Council will continue to hold
regular public meetings throughout the
region. These meetings will be a forum for
the Council to discuss ideas and to receive
recommendations during the planning proc-
ess from state and federal agencies, Indian
tribes, Bonneville and Bonneville custo-

mers, local governments, and the public on
major energy and fish and wildlife issues.
Consultations with these interested parties
on major issues will also continue.

Recognizing that all citizens who are inter-
ested in the Council's activities cannot
always attend public meetings, the Council
will maintain an extensive public informa-
tion and public involvement program. The
Council will continue to publish and make
available to the public, through an ex-
panded mailing list, Northwest Energy
News, along with other information on
regional energy and fish and wildlife issues.
All of this material, as well as educational
films produced by the Council, will also be
distributed through utilities, public schools,
universities, and public libraries. Also, the
Council will maintain regular contact with
regional news media and maintain and
upgradeits library and public reading room.
The Council’s Scientific and Statistical Ad-
visory Committee, which served the Coun-
cil so well in developing this plan, will be
reorganized to better support the Council
in the implementation phase of the plan.

The Council knows that this plan is not a
static document. As conditions change, or
if resources do not perform as expected,
revisions to the plan may be needed. The
Council will widely publicize its process for
making revisions to the energy plan and
fish and wildlife program to encourage
increased public involvement. The public
will be informed of proposed revisions to
the plan through published material and
through public briefing sessions. Through-
out this process, comments will be solicited
from the public on proposed changes to
the plan prior to Council adoption.

The Council is committed to making the
planning process they have developed
work. Since conservation, the major feature
of the Council's energy plan, is imple-
mented at the local level by many individu-
als, the Council will work closely with local
governments on the implementation of the
plan. In addition, the Council will establish
consumer education programs on energy
conservation.

The Council’s public involvement calendar
of the last two years is reproduced on the
following pages.
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Public involvement Calendar
All of the meetings on this calendar were open to the public. There was an opportunity for public comment at each meeting.

April 1981
April 28

May 1981
May 13
May 20-22

June 1981
June 2
June 9-10
June 23-24

July 1981
July 13-14
July 28-30

August 1981
August 11
August 31

September 1981
September 1
September 11
September 17
September 21
September 30

October 1981
October 13
October 14
October 16
October 23

November 1981
November 4
November 17
November 17
November 18
November 30

December 1981
December 2-3
December 4
December 8
December 15

January 1982
January 7
January 11
January 13
January 15
January 19
January 20
January 26
January 29

February 1982
February 3-4
February 16
February 17-18
February 18
February 19
February 18
February 23
February 25

March 1982
March 1
March 4
March 13
March 15-16

March 16

A-8

Council Meeting, Portland, Oregon

Council Meeting, Helena, Montana
Council Meeting, Seattle, Washington

Council Meeting, Boise, ldaho
Council Meeting, Portiand, Oregon
Council Meeting, Missoula, Montana

Council Meeting, Seattle, Washington
Council Meeting, Coeur d'Alene, Idaho

Council Meeting, Portland, Oregon
Council Meeting, Seattle, Washington

Council Meeting, Seattle, Washington
Conservation Subcommittee (SSAC)

Fish and Wildlife Subcommittee (SSAC)
Reserves and Reliability Subcommittee (SSAC)
Council Meeting, Butte, Montana

Executive Committee (SSAC)

Council Meeting, Portland, Oregon
Forecasting Subcommittee (SSAC)

Fish and Wildlife Subcommittee (SSAC)

Council Meeting, Seattle, Washington
Executive Committee (SSAC)

Conservation Subcommittee (SSAC)

Council Meeting, Idaho Falls, Idaho
Resource Assessment Subcommittee (SSAC)

Council Meeting, Portland, Oregon

Fish and Wildlife Subcommittee (SSAC)
Forecasting Subcommittee (SSAC)
Conservation Subcommittee (SSAC)

Council Meeting, Olympia, Washington
Resource Assessment Subcommittee (SSAC)
Forecasting Subcommittee (SSAC)
Executive Committee (SSAC)

Resource Assessment Subcommittee (SSAC)
Council Meeting, Richland, Washington
Conservation Subcommittee (SSAC)

Fish and Wildlife Subcommittee (SSAC)

Council Meeting, Portland, Oregon

Executive Committee (SSAC)

Council Meeting, Portland. Oregon

Resource Assessment Subcommittee (SSAC)
Reserves and Reliability Subcommittee (SSAC)
Fish and Wildlife Subcommittee (SSAC)
Conservation Subcommittee (SSAC)
Forecasting Subcommittee (SSAC)

Resource Assessment Subcommittee (SSAC)
Council Meeting, Missoula, Montana

Public Hearing on Fish and Wildlife Program,
Boise, Idaho

Public Hearing on Fish and Wildlife Program,
Portiand, Oregon

Conservation Subcommittee (SSAC)

March 16
March 17
March 18

March 26
March 30

Town Hall Meetings
March 23
March 25
March 29
March 30
March 31

April 1982
April 2
April 9
Apri! 20
April 20
April 20
April 21-22
April 22
April 22-23
April 23

Town Hall Meetings
April 2
April 5
April 12
April 13
April 13
April 14
April 15
April 19
April 27
April 29

May 1982
May 5
May 6
May 11
May 21
May 21
May 21
May 28

Town Hall Meetings
May 4

May 10

May 18

May 20

May 25

June 1982
June 2-3
June 14
June 15
June 17
June 18
June 18
June 21-22

Town Hall Meeting
June 21

July 1982
July 13
July 15
July 15
July 16
July 21
July 21-22
July 30

Forecasting Subcommittee (SSAC)

Council Meeting, Portland, Oregon

Public Hearing on Fish and Wildlife Program,
Toppenish, Washington

Public Hearing on Fish and Wildlife Program,
Missoula, Montana

Conservation Subcommittee (SSAC)

Kalispell, Montana
Missoula, Montana
Billings, Montana
Pocatello, Idaho
Helena, Montana

Resource Assessment Subcommittee (SSAC)
Forecasting Subcommittee (SSAC)

Reserves and Reliability Subcommittee (SSAC)
Executive Committee (SSAC)

Forecasting Subcommittee (SSAC)

Council Meeting, Seattle, Washington

Fish and Wildlife Subcommittee (SSAC)
Conservation Subcommittee (SSAC)

Resource Assessment Subcommittee (SSAC)

Butte, Montana
Pendleton, Oregon
Medford, Oregon
Coos Bay, Oregon
Lewiston, ldaho
Eugene, Oregon
Coeur d’Alene, Idaho
Portland, Oregon
Boise, Idaho
Spokane, Washington

Forecasting Subcommittee (SSAC)

Council Meeting, Portland, Oregon

Reserves and Reliability Subcommittee (SSAC)
Conservation Subcommittee (SSAC)
Forecasting Subcommittee (SSAC)

Resource Assessment Subcommittee (SSAC)
Fish and Wildlife Subcommittee (SSAC)

Bellingham, Washington
Tacoma, Washington
Seattle, Washington
Longview, Washington
Yakima, Washington

Council Meeting, Boise, Idaho

Forecasting Subcommittee (SSAC)

Executive Committee (SSAC)

Council Meeting, Seattle, Washington
Resource Assessment Subcommittee (SSAC)
Fish and Wildlife Subcommittee (SSAC)
Conservation Subcommittee (SSAC)

Portland, Oregon

Conservation Subcommittee (SSAC)

Reserves and Reliability Subcommittee (SSAC)
Resource Assessment and Program (SSAC)
Fish and Wildlife Subcommittee (SSAC)
Forecasting Subcommittee (SSAC)

Council Meeting, Portland, Oregon

Fish and Wildlife Subcommittee (SSAC)
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August 1982
August 10
August 11
August 20
August 26
April 1982
September 1982
September 1
September 9
September 14
September 16
September 17
September 24
September 27
September 29

October 1982
October 4
October 6
October 12
October 12

October 15
October 18

October 20-21
October 22
October 22

October 28

Energy Workshops
October 4

October 5

October 11
October 19
October 25
October 26

November 1982
November 3-4
November 5
November 15-16
November 19
November 22
November 29

Energy Workshops
November 17
November 18

December 1982
December 1-2
December 2

December 8
December 10

Conservation Subcommittee (SSAC)

Reserves and Reliability Subcommittee (SSAC)
Resource Assessment Subcommittee (SSAC)
Forecasting Subcommittee (SSAC)

Council Meeting, Portland, Oregon

Fish and Wildlife Subcommittee (SSAC)
Conservation Subcommittee (SSAC)

Council Meeting, Helena, Montana

Reserves and Reliability Subcommittee (SSAC)
Resource Assessment Subcommittee (SSAC)
Forecasting Subcommittee (SSAC)

Executive Committee (SSAC)

Energy Briefing, Eugene, Oregon

Council Meeting, Spokane, Washington
Conservation Subcommittee (SSAC)

Public Hearing on Fish and Wildlife Program,
Portland, Oregon

Public Hearing on Fish and Wildlife Program,
Boise, /daho

Public Hearing on Fish and Wildlife Program,
Missoula, Montana

Council Meeting, Seattle, Washington
Resource Assessment Subcommittee (SSAC)
Public Hearing on Fish and Wildlite Program,
Yakima, Washington

Forecasting Subcommittee (SSAC)

Butte, Montana
Spokane, Washington
Eugene, Oregon
Seattle, Washington
Dillon, Montana
Missoula, Montana

Council Meeting, Portland, Oregon
Conservation Subcommittee (SSAC)

Council Meeting, Portland, Oregon

Resource Assessment Subcommittee (SSAC)
Forecasting Subcommittee (SSAC)

Reserves and Reliability Subcommittee (SSAC)

Libby, Montana
Kalispell, Montana

Council Meeting, Portland, Oregon

Council Fish and Wildlife Committee,
Portland, Oregon

Conservation Subcommittee (SSAC)
Resource Assessment Subcommittee (SSAC)

December 15

December 15-16
December 17

December 20
December 21
December 21

December 28-29

January 1983
January 7
January 11
January 24
January 26-27
January 27

February 1983
February 8

February 28
February 28

Counci! Fish and Wildlife Committee,
Portland, Oregon

Council Meeting, Portland, Oregon
Council Fish and Wildlife Committee,
Portland, Oregon

Forecasting Subcommittee (SSAC)
Council Meeting, Portland, Oregon
Council Fish and Wildlife Committee,
Portland, Oregon

Council Mesting, Portland, Oregon

Council Meeting, Portland, Oregon
Conservation Subcommittee (SSAC)
Forecasting Subcommittee (SSAC)
Council Meeting, Portland, Oregon
Council Fish and Wildlife Committee,
Portland, Oregon

Council Fish and Wildiife Committee,
Portland, Oregon

Resource Assessment Subcommittee (SSAC)
Council Fish and Wildlife Committee,

Seattle, Washington

Energy Pian Briefings

February 22
February 22
February 23
February 23
February 24
February 25

March 1983
March 1
March 2
March 3
March 14

Energy Briefings
March 2

Boise, ldaho
Missoula, Montana
Idaho Falls, Idaho
Kalispell, Montana
Spokane, Washington
Butte, Montana

Conservation Subcommittee (SSAC)
Forecasting Subcommittee (SSAC)

Reserves and Reliability Subcommittee (SSAC)
Council Meeting, Coeur d'Alene, ldaho

Seattle, Washington

Public Hearings on the Energy Plan

March 7
March 9
March 11
March 14
March 16-17
March 17-18

April 1983
April 6-7
April 7

April 12
April 27

Pocatelto, Idaho (ldaho Field Hearing)
Missoula. Montana

Boise, idaho

Coeur d'Alene, Idaho

Salem, Qregon

Seattle, Washington

Council Meeting, Portland, Oregon
Council Fish and Wildlife Committee,
Portland, Oregon

Council Meeting, Portland, Oregon
Council Meeting, Seattle, Washington
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Appendix B

Reliability and the Hydropower System

Introduction

This appendix provides additional detail on
reliability issues and, in particular, on the
effects of hydropower variability on system
planning, operations, and reliability. First, it
describes the reliability questions: How reli-
able and at what cost? Next, it discusses
some outage cost studies performed by
Council contractors, and Council deci-
sions about the issues raised. Finally, it
describes in more detail hydropower sys-
tem variability, critical water planning, and
the Council’s decision to maintain that reli-
ability standard for the current plan. When
the term “reliability” is used in the plan, it
refers to generation reliability unless quali-
fied by the terms “transmission” or “distribu-
tion.”

Reliability Issues

The kind of system reliability that is dealt
with in the Council’s energy plan is reliabil-
ity of energy supply: whether the system
can meet the total monthly energy load
imposed upon it. The Council has not
reviewed existing utility standards for peak
reliability of the system although it plans to
do so in the next two years. Recent history
and continuing studies indicate that peak
demand on the Northwest system is not the
major consideration in initiating major plan
expenditures.

The primary existing reliability standard for
energy supply in this region is the critical
water standard. There are other rules of
thumb used in such documents as the
PNUCC “Blue Book” (the annual utility
planning document) such as the additional
half-year's energy load growth reserve.
These have not been employed in the
Council's planning process since they rep-~
resent merely additional reserve margins
on a long-term planning basis, and are
superseded by the Council’s options ap-
proach to long-term planning. Energy
reserve standards are also supported by
using realistic plant availabilities for large
thermal plants, which recognize downtime
for both planned maintenance and unfore-
seen outages.

There are two general issues to be dealt
with in reliability analysis. The first is the

decision about the appropriate level of reli-
ability for the system, and the second con-
cerns the mechanism for ensuring that
level of reliability is achieved. The first prob-
lem is by far the more difficult to analyze.
The appropriate level of reliability is a func-
tion both of the cost of additional energy
supplies and the cost imposed on con-
sumers should energy supplies be inade-
quate. More reliable service requires more
backup resources simply to meet the same
load, while less reliable service means
increasing chances that some customers
may not have all they want and are willing
to pay for. The Council conducted a study
of the costs to the different consumer
classes of energy shortages of various
amounts. These costs were based on a
study defined by energy shortages having a
duration of approximately 2 to 6 months
with substantial prior notice of the onset of
the shortage. The outage costs under these
circumstances, when customers are free to
reduce their least-valued uses, were rela-
tively low, particularly for residential and
commercial customers.

The Council’s Reserves and Reliability Sub-
committee raised several questions about
the results of that study. The first question
was about the use of consumer surplus
alone rather than total willingness to pay
(consumer surplus plus price) as relevant
measure of outage cost.

The second question, raised by the Re-
serves and Reliability Subcommittee, was
the need for what might be termed a “thresh-
old cost” attached to the shortage cost
estimates provided by the Council’s study.
The study implicitly presumes a smooth
transition from normal circumstances in
which customers are not faced with short-
ages to the situation in which customers
are faced with very small shortages, going
on to situations in which customers are
faced with larger shortages. The Subcom-
mittee pointed out that in the past (for
instance in 1973 and 1977, two recent low-
water episodes) there has been a substan-
tial buildup of political and administrative
activity before the first calis for voluntary
curtailment to the public were made. Be-
cause of the nature of the hydropower sys-
tem and our dependency upon the vagaries
of precipitation, the end of low-water condi-
tions tends to be relatively unpredictable.

All expressions of danger to system opera-
tions have to be expressed in terms of
probability rather than clear-cut assur-
ances. The complexity of the actual situa-
tion, given these conditions, was perceived
by those responsible for managing the
shortage in the region to lead to substantial
credibility problems if a correctly perceived
probable danger fails to occur because of
abrupt changes in weather patterns. Be-
cause of this, the Reserves and Reliability
Subcommittee argued that the smooth tran-
sition postulated by the report between
normal conditions and shortage conditions
would not occur, and that there was an
additional real, though difficult to measure,
cost which had not been evaluated in the
study.

Beyond that, however, thereis a significant
policy issue involved. Should the Council,
on the basis of a study of aggregated con-
sumer costs, plan a set of resources that
could require individual customers in dif-
ferent circumstances to face a shortage of
electricity? The Council believes the an-
swer to that question is “no."” If worse than
historical critical-water conditions should
occur, coupled with abnormally bad re-
source performance, the Council antici-
pates that high-cost resources would be
run and drought surcharges imposed so
that those whose requirement for con-
tinued service is high would be able to have
it, while those whose requirement is less
stringent would have additional incentive
for short-term conservation efforts. An al-
ternative solution that could be employed
in those circumstances would be a “buy-
back” of energy from consumers at the
short-run marginal cost.

Reliability Issues in Current
Plan

The Act, in section 4(e)(3)(E) requires the
plantoinclude “in such detail as the Coun-
cil determines to be appropriate” [4(e)(3)]:

an analysis of reserve and reliability
requirements and cost-effective meth-
ods of providing reserves designed to
insure adequate electric power at the
lowest probable cost.

B-1
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The Council has determined that the prim-
ary reliability issue in this first twenty-year
plan is the appropriate treatment of fore-
casting uncertainty. A secondary issue is
the appropriate water criterion to use. The
Council has determined that, for this first
plan, no change from the current water
standard will be made.

The Council does notintend to plan forany
shortages. The primary focus of the Coun-
cil's analysis has been the appropriate way
of dealing with the major uncertainty facing
the region—the level of future demand.
Traditional methods include setting a plan-
ning reserve level over the expected de-
mand to cover demand uncertainty and
planning additional generating resources
to provide this reserve. The Council's ap-
proach to the probiem of the appropriate
planning reserve level is completely differ-

ent. First, there is no “expected” demand
against which planning is done. Rather, a
range of demand forecasts is the target,
and the combination of flexible, short-lead-
time resources and options provides the
same level of reliability that is provided by
the traditional planning reserves. The Coun-
cil'sapproachis explained in more detail in
the discussion of options, demand fore-
casting, and the resource portfolio in chap-
ters 3, 4, and 5. Because of the current firm
surplus, the large availability of conserva-
tion resources in the region, and the low
likelihood of the high growth forecast occur-
ring, the Council has not felt the need to
analyze further for this first plan the con-
sumer costs of shortages or the risks and
possible benefits from pushing hydropower
system operation beyond the current flexi-
bility embodied in the critical-water stand-
ard.

The Council has determined that no analy-
sis of the operating reserves provided
through the DSl contracts is required in this
first plan due to the expected duration of
the current firm surplus.

Because of the nature of the regional
hydropower system, the reliability criterion
that has the largest consequence for re-
source choice and resource operation is
the choice of water condition to use in re-
source planning. The nature of the hydro-
power system and the implications of criti-
cal-water planning are described below.

The Regional Power
System

The electric power system in the Pacific
Northwest is dominated by hydropower.
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The Northwest system is unique in the
United States because of this character-
istic. Currently the hydropower system pro-
duces approximately two-thirds of the total
electricity used by the region. Even with
demand growth at the medium-high level,
hydropower would still be producing about
half of the region’s electricity at the turn of
the century. There are two key characteris-
tics to the Northwest hydropower system.
First, there is a large variation in annual
energy capability depending upon rainfall
and the snowpack accumulated in the
region each year. The average annual out-
put of the hydropower system is approxi-
mately 15,650 megawatts, which is about
3,300 megawatts or 25 percent greater than
the critical period energy capability, and
during a good year the annual capability
can be as much as 50 percent greater than
critical period capability. “Critical period”
refers to that sequence of water conditions
during which the lowest amount of firm
load can be carried. A second characteris-
tic, which is equally important, is that the
variation within the year can be even greater
than the variation across the water condi-
tions.

Over half of the annual firm energy from the
Northwest hydropower system comes from
natural streamflows; less than half comes
from reservoir storage. Figure B-1 shows
the variation in natural streamflow at The
Dalles on the lower Columbia. The rela-
tively low amounts and low variability of
natural streamflows between about Sep-
tember and the onset of the spring runoffin
about April are important in considering
the risks that can be taken in using the
reservoir storage.

The reservoir storage itself is significantly
limited. A large part of the hydropower sys-
tem water supply comes from the snow-
pack in the upper Columbia and upper
Snake river basins, in the mountains of Brit-
ish Columbia. Montana, and ldaho: but
only 40 percent of even the average runoff
is storable in the system’'s reservoirs. This
means that large portions of the total annual
water supply come during the spring runoff
of April. May, June, and July. Moreover,
most of the water from the melting 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. Figure B-2 shows the
amounts of electric energy available at vari-
ous probability levels above the critical
period quantities over the 102-year histori-
cal record for which data are available. The
variability of the hydropower system has
major effects on the economics of other
existing and new resources because it
influences the way they operate.

Critical Period Planning

Power system planning is currently con-
ducted on a critical period basis. The total
amount of energy resources required as-
sumes that the hydropower system will
produce no more energy than it did during
the worst conditions of the past. Critical
periods run from the beginning of a draw-
down season in August or September to
the beginning of the refill season with the
onset of the spring runoff in March or April.
The number of annual cycles of sequential

Average
Monthly
Megawatts

18000
16000
14000
12000
10000

8000

Jul Aug Sep Oct Nov

dry years the system can stand is a function
of the amount of reservoir storage and
generating resources (both existing and
new facilities coming on-line during the
period being studied). Currently, the worst
conditions are either the four-year se-
quence from August 1928 to March 1932,
or the more severe but shorter two-year
sequence from September 1943 through
April 1945, For this operating year, 1982-
1983, the two-year critical period is being
used. Thecommon reference to a four-year
critical period in regional planning docu-
ments does not mean that the region will
necessarily have four years to work out
problems before the system’s reservoirs are
empty. Nor does it mean that an exact repe-
tition of the water sequence from 1928
through 1932 is required for the system to
be in trouble. In November of 1977, follow-
ing the 1977 spring runoff, which was the
worst runoff since recordkeeping was
begun in 1879, the region was only one

Minimum

Dec Jan Feb Mar Apr

May Jun Jul

Non-firm electric energy available above critical period amounts
*Unshapeable firm surplus due to fish flow requirements.
Figure B-2.
Non-Firm Energy Availability — 102 Year Record
Percentages Indicate Percent of Time Less Than Amount Is Available
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year past the wet fall of 1976 when the
region’s reservoirs were high enough to sell
secondary non-firm energy and was within
five months of having empty reservoirs
under continued bad-water conditions.

Planning to critical water as described
above does not guarantee that demands
will always be met. Even worse water condi-
tions could occur. The Northwest Power
Pool currently uses the 1928-68 historical
water sequence for planning, and the criti-
cal period currently being used is the worst
four-year, two-year or occasionally three-
year sequence of flows during that period.
To determine if that period is representative
of the longer term, an independent statisti-
cal examination of the complete historical
record from 1879 to the present was made
by University of Washington researchers.
They concluded that the currently used
critical period is not an unlikely event, and
in fact it is by no means the worst possible
sequence that could occur. For instance, a
two-year sequence worse than the 1943-45
water sequence (two-year critical period)
could occur with something over 2 percent
probability and would have a recurrence
interval of approximately every 45 years.
Moreover, approximately 16 percent of the
years in the 102-year record start with
reservoirs less than 95 percent full indicat-
ing potential critical-water problems for
system operators. There will generally be
no non-firm energy in the years that do not
refill.

Within the confines of system planning, the
hydropower system does have some ability
to take advantage of the expected increased
availability of energy above that available
during the critical period. This flexibility in
the hydropower system’s operation means
that, although the total number of meg-
awatts of energy resources planned over
the critical period will be determined by the
critical period energy capability, the kinds
of resources that are used in that resource
mix should take into account the expected
higher availability over the various water
conditions and the seasonal pattern of that
water availability.

B-4

Because the hydropower system’s storage
capability is only about 40 percent of the
average annual runoff, the system’s flexibil-
ity is limited. The ability of the system to
take advantage in the fall of the large quan-
tities of secondary energy available on an
expected basis in the spring, is limited by
the risk that system operators are willing to
take before the spring runoff begins. The
maximum drawdown of the reservoirs for
energy generation in the fall and winter is
limited by the natural streamflow during the
one-year critical period, 1936-37, the low-
est single natural streamflow in the histori-
cal record. The hydropower system ran
against this one-year critical period up until
the late 1960's when the building of the
Canadian treaty projects increased the stor-
age capability of the system and increased
the length of the critical period beyond one
drawdown season.

The increased drawdown in the fall and
winter to the limits of 1936-37 water adds
approximately 1,000 megawatts to the aver-
age hydropower system firm energy capa-
bility over that eight-month period before
the first year’s runoff. This 1,000 megawatts
may be generically called “provisional
draft” since it is borrowed from the follow-
ing spring against the expectation of
greater than critical runoff from the snow-
pack. Going beyond 1,000 megawatts
moves the risk of emptying the reservoirs
one year forward in time, from before the
second year's runoff to before the first
year's runoff. Doing this would require
additional backup resources (probably com-
bustion turbines) and would substantially
increase the variability of power costs. In
addition, increased “provisional” draft
would decrease the probability of refilling
reservoirs at the end of the year. This could
have adverse affects on other reservoir
uses, such as resident fish and wilidlife,
recreation and drafts for irrigation, fish
flows, and other purposes. The Council has
not investigated the economics of this addi-
tional risktaking and does not feel it needs
to be investigated unless the region is look-
ing at a significant resource deficit.

The hydropower system has one additional
characteristic that is very important for the
analysis of resources. The total amount of
water available to the hydropower system
establishes a limit to the amount of energy
that can be produced. In a thermal-based
power system, energy is not limited. If
energy demand exceeds projections, it can
still be met if adequate capacity is available,
simply by providing more fuel to the power
plants. In such a system, capacity is the
most critical component, and providing
sufficient capacity is the major considera-
tion in generation planning. Conversely, in
the hydropower system, if energy loads
exceed the firm energy capability of the
system during a period of adverse flows,
there is no way in which demands can be
met, regardless of how much installed hydro-
power capacity is available. Hence, firm
energy capability is the critical quantity in
planning a hydropower-based system. In
the Pacific Northwest power system, hydro-
power plants have been expanded toensure
that system peak loads can be met, that
system capacity reserves will be adequate,
and that a substantial portion of the second-
ary energy potential can be utilized, but this
capacity would be of limited usefulness
unless system firm energy resources were
sufficient to meet energy demand. Al-
though the regional power system is evolv-
ing from a hydropower-based system to a
hydrothermal system, hydropower is still
the dominant source. Qur experience has
been, and further investigation is indicating
that it will continue to be, that the binding
constraint on the Northwest power system
is the total firm energy load rather than the
maximum peak load.
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Method for Determining Quantifiable
Environmental Costs and Benefits

Priority is given in the plan to resources that
are cost-effective. [Act, section 4(e)(1).]
The Administrator is required to “estimate
all direct costs of a resource or measure
over its effective life” in order to determine if
a resource or measure is cost-effective.
[Act, section 3(4)(A) and (B).] Quantifiable
environmental costs and benefits are
among the direct costs of a resource or
measure. Section 4(e)(3)(C) of the Act
required the Council to include “a meth-
odology for determining quantifiable envi-
ronmental costs and benefits under section
3(4)" in the plan. This methodology will be
used by the Administrator to quantify all
environmental costs and benefits that are
directly attributable to a measure or re-
source.

Proposed Method

A. ldentify the characteristics (technical,
economic, environmental, and other) of the
resource or measure in question. Quantify
each identified environmental effect in
terms of the physical units involved (e.g.,
acres of habitat, tons of SO, change in
water temperature).

B. Identify all potential environmental
costs and benefits (e.g., the economic
valuation of the effects of changes in the
environment) which will result from the re-
source or measure. Each one of the envi-
ronmental studies previously completed by
the Council should be continually sub-
jected to public review, comment, and
improvement. Research to identify the en-
vironmental costs and benefits of each re-
source in light of advancing knowledge
about environmental impacts and of tech-
nical changes in resources should be con-
tinued by Bonneville.

C. Screen the identified environmental
costs and benefits to determine whether a
meaningful economic evaluation can be
performed. In making this determination,
reference should be made to the work pro-
ducts of the Council—Study Module VI,
Nero and Associates, Inc., Reports to
Council (Tasks 1-6) on Quantification of
Environmental Costs and Benefits, Con-

tract 82-020. In particular, consideration
should be given to whether economic tech-
niques exist in a sufficiently developed
state to allow for a meaningful analysis of
the environmental cost or benefit.

D. Determine whether environmental
costs and benefits which can be meaning-
fully evaluated in monetary terms will be so
analyzed. This determination should in-
clude consideration of:

1. whether sufficient information exists or
can reasonably be obtained to allow for
an analysis of the environmental cost or
benefit;

2. whether the relative cost-effectiveness
of alternative resources is such that the
as yet unquantified environmental costs
and benefits would likely affect the deci-
sion on resource cost-effectiveness; and

3. whether significant costs or benefits
remain after considering the effect state,
or local standards may have on reduc-
ing the environmental cost.

E. Foreachenvironmental costand ben-
efit that will be quantified, an information
base should be assembied by the Adminis-
trator which analyzes the amount of infor-
mation available to quantify each cost or
benefit and assesses the uncertainty affect-
ing the ultimate quantity estimates. Fed-
eral, state, and local studies of such envi-
ronmental costs and benefits, scholarly
and professional quantifications, and data ob-
tained as a result of public comment should
be utilized to the extent appropriate.

F. A specific economic evaluation meth-
od should then be selected by the Adminis-
trator based on the type of environmental
cost or benefit, data available on character-
izing the environmental effect and related
environmental cost or benefit, experience
with the method (e.g., has it been success-
fully used in the past), and type of uncer-
tainties involved. The strengths and limita-
tions of the evaluation method vary with
each environmental impact and should be
documented. More than one evaluation
method may be necessary in order to cross
check and verify results.

G. For those environmental costs and
benefits where it is not possible to develop
monetary values, key physical and biologi-
cal parameters should be described and, if
possible, quantified.

H. Totheextentthat no quantification on
any terms is possible, the environmental
costs and benefits should be identified and
described and an assessment as to their
probable magnitude in relative terms
should be made. The environmental costs
and benefits of a resource should be given
due consideration by the Administrator
before the resource is acquired. Such envi-
ronmental costs and benefits may be found
to be sufficient to bar the acquisition. (See
chapter 2, Policy on Environmental Quali-
ty/Fish and Wildlife.)

I. Theapplication of the evaiuation meth-
ods should then take place. A record should
be compiled which describes the resource,
indicates what impacts were identified and
which measurement methods were se-
lected, documents each aspect of the cal-
culation, and supports the final result.
Throughout this process, the Administrator
should consult with the Council; the re-
source sponsor, interested persons, Bon-
neville customers, consumers, states, and
local political subdivisions. The Adminis-
trator should involve the public to the max-
imum extent appropriate.

J.  Allquantified environmental costs and
benefits should then be included in the
decision on resource cost-effectiveness.
Where the environmental cost or benefit
has been quantified in other than monetary
terms, the Administrator should make a
decision about the cost-effectiveness 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 resources 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 mea-
sure, with such unpriceable environmental
costs or benefits, more “costly” than the
next most “costly” resource or measure.
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Appendix D

Method of Surcharge

Section 4(f)(2) of the Act provides for sur-
charges on customers for those portions
of their loads within the region that are
within states or political subdivisions which
have not, or on customers which have not,
implemented conservation measures that
achieve savings of electricity comparable
to the mode! conservation standards. The
Council is responsible for drafting a “meth-
odology” for the calculation of surcharges.
Moreover, no surcharge may be imposed
by the Administrator unless the Council
recommends it by a majority vote. The fol-
lowing is the “methodology” for calculating
surcharges:

1. The following model conservation stand-
ards are subject to surcharges:

e Model Standards for new residential
buildings, Action 2;

e Model Standards for new non-resi-
dential buildings, Action 3;

¢ Model Standards for conversion to
electric space heat in residential build-
ings, Action 6; and

¢ Model Standards for conversion to
electric space conditioning in non-
residential buildings, Action 7.

2. The Administrator shall identify those
customers, states, or political subdivi-
sions which have not:

a. implemented the model standards
listed in paragraph 1; or

b. achieved comparable savings of elec-
tricity through other conservation
methods.

3. The Surcharge shall then be calculated
by Bonneville as follows:

Step 1. Determine the Administrator’s
increased load to be served due to the
failure to implement model standards

and/or achieve comparable savings. The
Council’s estimate of the actual savings
that will be achieved by the implementa-
tion of the model standard shall be the
basis for this determination. (NOTE: The
Regional Act refers to “energy savings
attributable to such conservation meas-
ures which have not been achieved.” Itis
that “energy savings” that is meant by
“increased load” in this methodology.)

Step 2. |dentify the incremental Bonne-
ville system costs and benefits resulting
from Bonneville service to the increased
load in the service area which did not
implement the standards or achieve com-
parable savings. The Council's plan shall
serve as the basis for selecting any addi-
tional resources needed to serve these
increased loads.

Step 3. Calculate the annual net cost in
any given year that will be incurred by
Bonneville because the savings calcu-
lated in step 1 are not achieved. The net
cost equals the costs identified in step 2
less any related benefits, such as re-
venues obtained through Bonneville's
sales, to meet increased load or other
benefits as determined by the Adminis-
trator. Where these costs include the
acquisition of resources necessary to
servethe “avoidable” load, the Council’s
resource plan shall serve as the basis for
identifying the cost of needed resources.

Step 4. Divide the annual net cost in-
curred by Bonneville in any given year
by the non-complying customer’s (or
jurisdiction’s) forecast total load on Bon-
neville for the given year to determine
that year’'s surcharge per unit of sales.

Step 5. If the computed surcharge is
below 10 percent “of the Administrator’s
applicable rates for such ioad or portion
thereof,” then a 10 percent surcharge
should be imposed. Any surcharge
above 50 percent will be limited to 50
percent of the applicable rates.

Step 6. Bonneville shall then impose the
computed surcharge.

. Any entity that chooses not to adopt a

particular model conservation standard
within the allotted period for adoption
and wishes to avoid a surcharge must
declare, before that period expires, how
it intends to achieve comparable sav-
ings. In addition, that entity must indi-
cate how itintends to demonstrate attain-
ment of comparable savings. Bonneville
shall determine, in consultation with the
Council, whether the alternative con-
servation plan of an entity will achieve
comparable savings. If Bonneville deter-
mines that it will not, Bonneville shall
notify the Council and the entity and
shall give the entity an opportunity to
cure the defect. A surcharge shall not be
imposed for any period prior to the
deadline for curing the defect. The al-
ternative conservation plan, including
monitoring and evaluation procedures,
shall be included in Bonneville's con-
servation or other contracts with the util-
ities who serve the area covered by the
alternative plan. The conservation sav-
ings to be achieved by the alternative
conservation plan may be offered to
Bonneviile for acquisition under a utility
conservation contract or a billing credit
contract as desired by the entity. The
method of determining the energy sav-
ings of such an alternative conservation
plan shall be included in the Bonneville
surcharge policy, as well as the method
for terminating the surcharge once
model standards have been imple-
mented or comparable savings are
achieved.






Appendix E

Conditions for Bonneville Financial
Assistance to Hydropower
Development in the Region

The Council includes the following condi-
tions in its plan in response to section
4(e)(2)(C) of the Northwest Power Act,
which requires due consideration of pro-
tection, mitigation, and enhancement of
fish and wildlife and related spawning
grounds and habitat, including sufficient
quantities and qualities of flows for suc-
cessful migration, survival, and propaga-
tion of anadromous fish.

1. Protection, mitigation, and enhance-
ment of fish: Bonneville shall not agree
to acquire power from, grant billing
credits for, or take any other actions
under section 6 of the Act concerning
any hydropower development in the
region without providing for:

(A) Consultation with the fish and
wildlife agencies and tribes, state water
management agencies, and the Council
throughout study, design, construction,
and operation of the project;

(B) Specific plans for flows and fish
facilities prior to construction;

(C) The best available means for aid-
ing downstream and upstream migra-
tion of salmon and steelhead;

(D) Flows and reservoir levels of suf-
ficient quantity and quality to protect
spawning, incubation, rearing, and migra-
tion;

(E) Full compensation for unavoida-
ble fish or fish habitat losses through
habitat restoration or replacement, appro-
priate propagation, or similar measures
which give preference to natural propa-
gation over artificial production of fish;

(F) Assurance that the project will not
inundate the usual and accustomed
fishing and hunting places of any tribe;

(G) Assurance that the project will
not degrade fish habitat or reduce num-
bers of fish in such a way that the exer-
cise of treaty rights will be diminished;
and

(H) Assurance that all fish protection
and mitigation measures will be fully
operational at the time the project com-
mences operation.

Protection, mitigation, and enhance-
ment of wildlife: Bonneville shall not
agree to acquire power from, grant bill-
ing credits for, or take other actions
under section 6 of the Act concerning
any hydropower development in the
region without providing for:

(A) Consultation with the wildlife agen-
cies and tribes, state water management
agencies, and the Council throughout
study, design, construction, and opera-
tion of the project;

(B) Avoiding inundation of wildlife
habitat, such as winter range or migra-
tion routes essential to sustain local or
migratory populations of significant wild-
life species, insofar as practical;

(C) Timing construction activities, in-
sofar as practical, to reduce adverse
effects on nesting and wintering
grounds;

(D) Locatingtemporary access roads
in areas to be inundated;

(E) Constructing subimpoundments
and using all suitable excavated material
to create islands, if appropriate, before
the reservoir is filled;

(F) Avoiding all unnecessary or pre-
mature clearing of all land before filling
the reservoir;

(G) Providingartificial nest structures
when appropriate;

(H) Avoiding construction, insofar as
practical, within 250 meters of active
raptor nests;

(I) Avoiding critical riparian habitat
(as defined in consultation with the wild-
life agencies and tribes) when clearing,
riprapping, dredging, disposing of spoils
and wastes, constructing diversions, and
relocating structures and facilities;

(J) Replacing riparian vegetation if
natural revegetation is inadequate;

(K) Creating subimpoundments by
diking backwater slough areas, creating
islands, level ditchings, and nesting struc-
tures and areas;

(L) Regulating water levels to reduce
adverse effects on wildlife during critical
wildlife periods (as defined in consulta-
tion with the fish and wildlife agencies
and tribes);

(M) Improving the wildlife carrying
capacity of undisturbed portions of new
project areas (through such activities as
managing vegetation, reducing disturb-
ance, and supplying food, cover, and
water) as compensation for otherwise
unmitigated harm to wildlife and habitat
in other pants of the project area;

(N) Acquiring land or management
rights where necessary to compensate
for lost wildlife habitat at the same time
other projectland is acquired andinclud-
ing the associated costs in project cost
estimates;

(O) Funding operation and manage-
ment of the acquired wildlife land for the
life of the project;

(P) Granting management easement
rights on the acquired wildlife lands to
appropriate management entities; and

(Q) Collecting data needed to moni-
tor and evaluate the results of the wild-
life protection efforts.

. All proposals for Bonneville support of

hydropower development should ex-
plain in detail how these provisions will
be accomplished or, where exceptions
are allowed, the reasons why the provi-
sions cannot be incorporated into the
project.






Appendix F

Economic Analysis of Resource Costs

To compare the cost of different energy
resources, two types of analysis must be
performed. The first is a cost analysis,
which measures the various costs of differ-
ent resources on a comparable basis. The
second is a system analysis, which demon-
strates how various resources interact with
an existing power system. This appendix
describes the first type, cost analysis.

Inflation distorts the cost decisions involved
in the provision of any energy resource.
Inflation makes the resource appear to cost
more if it is purchased at a later point in
time. To control for this distortion, three
concepts are utilized: Nominal dollars are
“actual” dollars, and include the effects of
inflation. These are the dollars that, at the
time that they are spent, no adjustments are
made for the amount of inflation that has
affected their value over time. Real dollars,
on the other hand, do not include the
effects of inflation. By removing the impact
of inflation on a dollar’s purchasing power,
a real dollar represents constant purchas-
ing power. That is, a real dollar has the
same value in 1989 that it had in 1949. To
convert nominal dollar costs to real dollar
costs, a base year is chosen, and all costs
are converted to that year's doliars; i.e., the
inflation that occurs between years is re-
moved. The Council uses a base year of
1980 and a forecast inflation rate of 6 per-
cent per year.

Even after costs are converted to real 1980
dollars, itis difficult to compare the costs of
different resources because costs occur in
different years. For instance, a hydropower
project involves a large outlay at the begin-
ning for construction, but the fuel (water) is
essentially free after completion. An oil or
gas-fired combustion turbine, though, has
a low construction cost, but the fuel cost is
high and may even escalate in real terms
(that is, it may get more expensive to run
even after removing the effect of inflation).

Because of the various resources available
in the region and the different capital and
operating cost structures associated with
each, two methods must be used to place
them on even footing for cost comparison
purposes. Present value and levelized cost
are the methods utilized. Present value
implies that money has a time value. That
is, when money is held is as important as
the amount of money held. A dollar is worth
more today than it is a year from now
because it could be invested during the
yearto earn a financial return. For example,
it could be deposited in a bank and earn
interest; a year from now, it would be worth
more than a dollar due to the interest
earned. Hence, the dollar a year from now
is converted back to its present value by
calculating, over the year, the interest or
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return foregone. Present value then allows
the equal comparison of costs of energy
resources by using a standard interest rate
and converting those costs back to a base
year. The series of costs that represent an
equal annual amount that will be converted
to the present value is called levelized cost.
For instance, the amount borrowed from a
bank is the present value of buying a house;
the mortgage payment is the levelized cost.
The standard interest rate used in calculat-
ing present value and levelized cost is
called the discount rate. The discount rate
used for the Council's analyses was an
inflation-free real rate of 3 percent. Interest
rates consist of a real rate and an inflation
premium. Since all costs were converted to
base 1980 dollars and inflation removed, a
real interest rate was used for the discount
rate.
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Appendix F

The application of all the concepts to a
generic nuclear plant, is illustrated in fig-
ures F-1, F-2, and F-3. Figure F-1shows the
nominal (actual) expenditures for the plant
through construction and during its opera-
tion. The line labeled “construction” repre-
sents the cumulative construction costs
from the start of the project in 1984 to the
time it comes on-line in 1993. The total
capital cost is $6.3 billion, which includes
labor and materials of $4.2 billion and inter-
est of $2.1 billion. For the purposes of this
example, the assumption has been made
that those costs are repaid to lenders at a
uniform rate of $800 million a year begin-
ning in 1993. Those annual payments are
represented by the “debt service line.” The
line labeled “O & M” (operations and main-
tenance) rises slightly faster than the rate of
inflation due to increased costs of nuclear
fuel. O & M starts at $200 million ayear and
rises to $1.6 billion per year by the end of
the plant’s thirty-year life. Again, all costs in
this chart include the effects of inflation
over time.

Figure F-2 takes the debt service line from
Figure F-1 and demonstrates the conver-
sion of nominal dollars to real dollars apply-
ing the present value and levelized cost
concepts. The line labeled “nominal” repre-
sents the repayment of the construction
costs from 1993 forward. Those costs in-
clude inflation. By converting to real costs,
hence removing inflation (line labeled “real
1993%"), the effect of inflation upon the
nominal repayment costs is illustrated.
Starting in 1993, debt service commences
at a fixed payment of $800 million per year.
QOver the years. repayment is subject to
general inflation, but cannot rise to reflect
it. Therefore, by the end of the repayment
period, the nominal repayment amount of
$800 million is worth $200 million in actual
1983 dollars. Inflation has decreased the
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Figure F-1.
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Capital Costs



Appendix F

value of a fixed payment because other
wages and costs have risen with inflation.
The declining real costs are then annual-
ized to levelized real costs (line labeled
“levelized 1993%"). This line represents the
constant debt service payments restated to
control for inflation. Finally, using the line
labeled “levelized 1980$,” the debt service
payments are restated to the base year
1980 dollars by removing inflation from
1980 to 1993 and calculating the present
value for shifting the costs back in time.
This process allows the comparison of cap-
ital costs of different resource projects by
controlling for timing, inflation, and interest
rates.

Figure F-3 goes through the same process,
but uses the O & M line from figure F-1 to
analyze operating costs. Operating costs
start at $200 million a year in 1993, and rise
in nominal terms (line labeled “nominal”) to
$1.6 billion by the end of the plant’s life. The
assumption is made that these costs rise
faster than general inflation due to the costs
of nuclear fuel. Those nominal costs are
controlled for inflation, and represented by
the line labeled “real 1993%" which reflect
the slightly higher (than inflation) cost
increases of fuel over time. Levelizing those
costs yields the “levelized 1993%" line. This
restates the stream of real dollar costs to
an annualized amount. “Levelized 19808,”
then, takes the levelized 1993 costs back to
1980 levelized costs by controlling for infla-
tion for those years and using present
value.

The various numbers that can describe the
same plant are summarized in table F-1.
The capital cost in nominal dollars is $6.3
billion. The first-year cost, as it would actu-
ally affect rates in 1993, the first year of
operation, is 14.5 cents per kilowatt-hour.
Levelized in 1993 dollars for comparison
with other resources that come on-line in
1993, the cost is 9.3 cents per kilowatt-hour.
Finally, converted to the base year used in
the Council analysis, the levelized cost is
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Figure F-3.

Levelized 1993 §

Operations Costs

Table F-1.

Cost Anaysis Summary

20

Total Capital Cost
Direct Construction
First Year Cost

Levelized 1993 dollars
(first year of operation)
Levelized 1980 dollars

$6.3" Billion
$4.2° Billion
14.5 cents per kilowatt hour

9.3 cents per kilowatt hour
4.6 cents per kilowatt hour

*Billions of nominal dollars.
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4.6 cents per kilowatt-hour. Table F-2 gives
a sample calculation of the levelized cost of
a conservation measure.

It is important to remember that the proc-
ess described 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 re-
sources mentioned above (the hydropower
plant and the combustion turbine) could
have quite different effects on rates in any
given year. The hydropower plant is the
most expensive in the first year; since the
capital cost is fixed, its real cost declines
through time as other costs and wages rise
with inflation. Grand Coulee was a very
expensive project when it was finished in
the early 1940’s. it is only the succeeding
forty years of inflation that made the cost of
about 0.2 cent per kilowatt-hour relatively
cheaper compared to the cost of new
power plants. A combustion turbine, onthe
other hand. has a large percentage of its
total cost in its fuel cost. If operated at rea-
sonable levels of annual output, its total
cost (capital plus fuel) could be lower inthe
first years of its operation than the hydro-
power plant. However, its fuel cost will con-
tinue to rise with inflation, if not faster, and
its relative rate impact will be much higher
twenty years from now than would thatofa
hydropower plant built now. A resource
like the hydropower piant could have the
lowest present vaiue and levelized cost
even though it has the highest first-year
cost. The Council's resource choice was
not based on the rate impacts in any given
year but was based on the present-value
cost, taking into account the costs and their
timing over the life of the resources.

Levelized cost numbers are appropriate for
rough comparison of resources. For the
final analysis. the resources’ operating
characteristics were simulated in the sys-
tem analysis model, and the costs from that
simuilation converted to present values.

F-4

Table F-2.
Sample Calculation of Levelized Cost of Conservation Measure

Measure Cost in 1980 dollars x Annual Capital Recovery Factor

Levelized Unit Cost = : -
Annual Savings in kWh

Annual Capital Recovery Factor

Measure Life (years) (3% Real Discount Rate)
5 0.218
10 0.117
15 0.084
20 0.067
25 0.056
30 0.051

Formula for Annual Capital Recovery Factor:

i1+ pN Where N = Measure Life
(- i)N 7 i = Real Discount Rate

Example: Water Heater Wraps

Measure Cost = $32

Annual Savings = 435 kWh

Annual Capital Recovery Factor = 117 (10 years)

Levelized Unit Cost = $32x 0.117
435 kWh

= $0.0086/kWh or 8.6 mills/kWh

NOTE: Toconvert from levelized 1980 dollars to levelized 1983 dollars, multiply by 1.163. This factor
represents the overall effects of inflation between January 1980 and January 1983.





