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FORECASTS FOR
THE FUTURE —
ELECTRIC ENERGY

ABSTRACT

Electric energy generation and use as well
as use of water and related land resources are
considered from a Nevada viewpoint. Factors
originating outside of Nevada are considered
because Nevada is a part of the West and the
Nation. Conservation measures. the subject of
the detailed and separate addendum to the re-
port, are summarized.
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TO THE CITIZENS OF THE STATE OF NEVADA

This report examines whether Nevada will import, export or
be self sufficient with respect to electric energy, together with
future water and related land resources guestions. The report
was edited and prepared by Victor R. Hill, of the Division's
planning staff, along with Robert E. Walstrom, Natural Resources
Consultant. Many other individuals and agencies provided exten-
sive input for which there is space for only partial acknowledge-
ment herein,

Nevada is currently a net importer of electric energy, and
must also import the fuel required for generation within the State.
Generation of electric energy in Nevada makes use of scarce water
and related land resources. In this regard, generation requires
considerable support. Accordingly, a preliminary listing of
valleys which might efficiently support electric energy generation
has been provided.

There are many things to consider related to Nevada's future
electric energy course. Some of the more apparent include press-
ures building outside of Nevada affecting availability of sites
and fuels. Transmission of electric energy is on a regional basis.
Therefore, siting of generating facilities cannot escape regional
import-export aspects. Inside of Nevada, this report examines
methods of efficiently achieving reasonable economic and environ-
mental balance, without a morass of regulations. However, recent
and future federal actions may become contrelling with respect
to regulations.

It should be noted that there is great interest for future
development of Nevada's geothermal resources. About 20% of the
State is thought to have promise for future geothermal explora-
tion. On a national scale, Nevada is estimated to be szecond only
to California for potential gecthermal development,

Additional emphasis in the report has been placed upon factors
of efficiency in the use and generation of electric energy. In
arid Nevada's future, conservation measures can help to prevent
having to face in some areas the hard decision of whether to drink
water or use it for coolant in electric energy generating stations.

Respectfully,

Roland D. Westergard
State Engineer
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Evaporative cooling tower at Rancho Seco.

Credit. R. E. Walstrom
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FORECASTS FOR THE FUTURE —

ELECTRIC ENERGY

CHAPTER 1
INTRODUCTION

This introduction identifies major issues necessary
to compite a State Water Planning report about electric
energy, for the period 1970-2020.

MAJOR ISSUES

Eftects Upon Nevada

Electric energy use and generation should be con-
sidered in terms of their effects upon population,
economic activity and resource use. The people of
Nevada make use of electric energy in their everyday
gconomic activities — residential, commercial and in-
dustrial. Generation of electric energy in Nevada makes
use of the State’s scarce water and related land re-
sources. With these effects in mind, tremendously pow-
erful and long term internal and outside forces will de-
termine whether Nevada is nearly self sufficient with

respect to electric energy or is a significant net importer
or exporter.

Nevada's Present Internal Position

Nevada presently imports about ¥ of its tatal electric
energy use and imports essentially all of the fuel needed
for the local generation of electric energy. Large por-
tions of the State are sparsely populated, and are devoid
of electrical service. In addition, the State's scarce water
and related land resources suitable for use in electric

1

gnergy generation are under increasing competitive"de-
mand for.other uses, particularly in urbanized areas.

External Factors

Over a long period of time, external factors due 1o
the energy situation have been felt by individual citizens
of Nevada. These pressures have appeared to indi-
viduals in terms of availability and costs of fuel for trans-
portation and agriculiure, as well as for electric energy.
Effects upon the State's citizens will continue 1o be felt
because forces which will impact Nevada are being
applied from outside of Nevada, on an ascending scale
of size. There is hardly any escape from external factors,
given Nevada's present energy resource position,

The following significant external factors are expect-
ed to combine to produce energy related pressure upon
the citizens of Nevada: :

Calitornia: This state passed a ‘'coastline initiative"
in November 1972. Coupled with exclusions due to pop-
ulated areas and environmental values, the coastline
initiative has slowed the availability of new electric en-
ergy generaling facilities. This may hurt Nevada's ability
to purchase electric energy in Califarnia, and could
possibly result in the need for additional gererating
capacity in Nevada.

11 Western Stales: In view of the uncertainty in the
present energy situation, entities in the 11Western States



Hoover Dam Generating Station near Boulder City, Nevada. Hydropower.,
Credit: U. . Bureav of Reclamation

Tracy Generating Station near Reno, Nevada. Fossii Fueled.
Credit: A. E. Walstrom

Rancho Seco Generating Station near Sacramento, California. Nuclear Fueled.
Credit: Sacramento Municipal Utility District
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and Alaska are looking at methods for better matching
use and generation of electric energy. A regional ap-
proach for all forms of energy is developing.

USA: On a national scale, government controls op-
grate upon the production of natural gas and the im-
portation of petroleum. It is uncertain how the combina-
ticns of sources and uses of energy will interact with
government in the future.

World: Energy practically available for use is pres-
ently short in the world: Increased compstition among
the industrialized nations is increasing the price, par-
ticularly for petrcleum and coal. As the availability of
petrcleum and coal diminish and the price increases,
nuclear sources must became more attractive.

Timing: Present energy technolegy and time limita-
ttons upon its ability to change are pertinent faciors.
Individual and government decisions — their number,
type, timing and sequence — limit technology and the
efficiency with which it is.applied. Timewise, we must
phase-in and phase-out practical energy technologies
according to limitations which are not shorter than the
interval to train operators and prcbably not much Ionger
than a human generation.

For instance, development of advanced nuclear re-
actor technology was directly undertaken about a gen-
eration ago and has recently become practical on a
large scale. Taking nuclear electric energy generation
as a limiting case, regulatory approvals and canstruction
require about 10 years in addition to development of
the technology.

Under these conditions, it is important to plan for
electric energy within the forseeable time limits of prac-
tical application of new technolcgy. Therelfore, we must
look at least to the year 2000, and probably somewhat
beyond, with major emphasis upon presently depend-
able large scale generating technology. Hydro, conven-
tional fossil fuel and nuclear electric energy generating
stations are the only practical producers which satisfy
the need.

Alternative Postures

Nevada must consider its own best interest in energy
matters, but still cannot be separated from ils position
in the Western States. Map 1A provides perspeactive
upon Nevada and a portion of the West as a region,
viewed from the Pacific Ocean. Map 1B shows the as-
sociated regional major transmission lines for electric
energy.

The important point is that Nevada is near the electric

load center of the region and there are available valleys
in Nevada with sites for generating electric energy.
Economical generation requires increasingly large-scale
facilities, which require huge amounts of capital, often
resulting in regional participation. Interest in develop-
ment of Nevada sites will fluctuate greatly with only
small regional shifts in policy. Of course a number of
sites would be needed under any condition by Nevada
to meet its own future needs.

A big question is whether development of sites in
Nevada valleys for regional benefit amounts to an op-
portunistic or a vulnerable economic-environmeantal
posture for Nevada. The answer would depend upan the

-amount and method of use of Nevada's scarce water

and related land resources.

To prudently assure protection of the State’s interest,
serious consideration should be given to achieving self
sufficiency. A significant import or export posture should
also be considered.

Alternative Postures
1. Continued significant import.
2. Nearly self sufficient.
3. Significant export.

For any posture, short term use of scarce water and
related land resources should allow for the option of
reasonable long term recovery of these same resources.
With this option in mind, a preliminary siting-rating sys-
tem utilizing the concept of reasonable economic-
environmental balance has been developed. A number
of valleys appearing to have the best potential for siting
conventional and nuclear electric energy generating
facilities were tentatively selected, using the siting-rating
system.

Barring unforeseen upsets, this report has provided
basic information for future water and related land re-
source options, as the normal course of evenis deter-
mines a future electric energy posture for Nevada.
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CHAPTER 2
PURPOSES OF THIS REPORT

OVERVIEW

As part of the State Water Planning effort, the Division
of Water Resources is publishing a series of planning
reports pertaining to future population, economic ac-
tivity and resource use features for communities of
interest within Nevada. Included are counties, cities,
water and related land resource areas, economic
regions, and rural areas.

Electric energy’, statewide and regionally, requires
substantial support from water and related land re-
sources. A comparable situation was last assessed on a
statewide basis in 1949, when the Federal Power Com-
mission published Power' Market Survey, State of Ne-
vada. The 1949 report was done largely at the instigation
of then State Engineer Alfred Merritt Smith, also Secre-
tary of the Colorado River Commission of Nevada.

Use of electric energy is a nearly all pervading
economic activity. From a planning standpoint, it is
prudent te have a good idea of the amount and distri-
bution of electric energy use and generation with the
passage of time, so as to better focus upon internal and
outside oppartunities and problems.

PURPOSES

The majer purpose underlying this report has been
to attempt to provide appropriate answers for these

7

major questions:

For Electric Energy Use And Generation
1. How many mega watt-hours (energy), where and
when? (See Tables 2 and 6 and associated
narrative.)
2. How might energy be practically conserved?
{See Chapter 4.)

For Electric Energy Generation Cnly

3. How many acre-ieet of plant water use, where
and when? (See Tables 4 and 5 and associated
narrative.)

4. Where might facilities best be focated, consider-
ing both economy and environment?
(See Chapter 4 narrative under “'Siting.” See also
Appendix A in separate addendum to this report.)

Despite the obvious necessity for internal Nevada
focus on these guestions, it is important tc emphasize
that the State cannct escape moving in a Western
regional context and sometimes a national context for
sources of electric energy. Therefore, the previous major
questions for Nevada are highly appiicable to the West-
ern States, and are justifiably addressed on both State
and regional bases.

Regional balance between generation and use of
electric energy has been predicted to occur about 2000,
based upcn analysis of past amounts and distributions
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Transmission lines and towers near Hoover Dam.
Credit: U. S. Bureau of Reclamation
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of generation.? This regional balance is important assur-
ance of future well being for ali States involved.

Unfortunately, predicted regional balance cannct be
extended to Nevada's individual situation. Qutside focus
is presently assured by Nevada’s electric energy import
posture, potential generating sites in mostly closed,
trough shaped valleys, and sparsely distributed popula-
tion, as well as nearness to the regional electric load
center. These conditions will not allow prediction of
Nevada's fulure generating capacity, although electric
energy use for Nevada has been reasonably projected.

Hence, being self sufficient with respect to electric
energy may be prudent for Nevada, but it is not the most
important of guestions. The important major questions
are whether Nevada can continue to import significant
amounts of electric energy, or whether Nevada will ex-
port significant amounts of electric energy to contribute
to the regional balance.

Variations in population, economic activity and re-
source use have a way of periodically interchanging
energy import-export roles. Consequences for Nevada
of being in one role or the other can be better under-
stood in terms of picturesque phrases, ‘'— importing
water over a power line”, and "— exporting water over
a power line.” These opposing roles are matched for a
price where local water resources suitable for support-
ing electric energy generation are scarce and foresee-
ably under strong competitive demand, while outside
sources of electric energy want to keep it for their own
uses, rather than sell it.

The bulk of this report has been dedicated to being
prepared for the normal course of development of these
major import-export alternatives, while maintaining the
long term integrity of the State's water and related land
resources.

Problems associated with the quantitative aspects of
how much electric energy, where and when at first
glance might tend to eclipse the necessity for conserva-
tion of electric energy. Conservation on a large scale will
lessen overall probiems, because electric energy has
become an all pervading favorite, for which there pres-
ently is no practical, large scale replacement.

Conservation ot electric energy involves proper use
of tactors of efficiency which are discussed in Chapter
4, "Conservation for Electric Energy Generation and
Use". Siting is probably the maost important efficiency
factor from economic and environmental viewpaoirits.

Efficiency for both generation and use of electric
energy (source-use combinations) are important ele-

9

ments in this large scale conservation effort. Efficient
substitution of other energy forms for electric energy is
also important. Efficient matching of source-use combi-
nations can be idealized, but it is mare eificient to think
in terms of really successful existing combinations. Care
should be exercised that attempts at substitution of cther
energy forms for electricity does not in the overall pic-
ture require a larger total amount of available energy.

Source-use combinations for efectric energy have
developed in many places through a long period of time.
These combinations are the product of extensive exper-
ience, and are probably the most efficient for the prasent
situation. Any attempts at immediate change must be
subject to very careful scrutiny for total effects upon the
factors of efficiency.

1Because this report has been written in sections, by persons from
diverse backgrounds and inlerests, electric generating plants and
other facilities are referred to differently. In some sections the dis-
cussian will contain reference to “‘electric energy generaling ...”
In other sections, the reference will be to "electric power generating

.. For the Division of Water Resources, the focus is mostly upon
energy, because annual water use depends upon energy more than
power. For utilities, the focus is mostly upon power, because in-
stalled electric generating capacity depends upon demand for power
more than energy.

Energy and power are related because power is energy expended
per unit of time. For a service area, on an annual basis, the total
energy generated divided by the time in one year will give the
average electric power generated for that year. Of course, power
demand varies quite a bit above and below the average on a daily,
weekly and seasonal basis — both predictably and unpredictably.

In this repon, we are attempting to focus mosily upon the long
term electric energy use and generation, and assaciated interactions
with water and related natural resources.

2See Table 6 and Figures 6, 7 and 8 with associated narrative.
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Overton Wildiife Management Area on Lake Mead.
Credit: U. S. Bureau of Reclamation
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CHAPTER 3

AMOUNTS OF ELECTRIC ENERGY

GENERATION AND USE

FUTURE MEANING

This chapter provides numbers and narrative to show
some of the most probable future meaning for Nevada
and the West, in terms of per capita electric energy.

Powerful Forces Interacting

Every day we use water and electric enargy on such
a free basis that few of us ever need to think beyond
whether something happens when the faucet is turned,
or the switch is pushed.

Nevertheless, these small, repeated exercises of
choice constitute the powerful forces behind total use of
electric energy and evolution of its technology. This sit-
uation is why predictions of amounts and distributions
and times of occurrence of population, electric energy
use, and associated water uses are important for pur-
poses of maintaining reasonable options for Nevada.

LISTING OF PROJECTIONS'

Most Probable Basis

Projections presented in the following portions of this
report relate to providing a most probable numerical
basis for accomplishing this report’s purposes, and have
not advocated policy of encouraging or discouraging
growth. Major projections include items listed in Table 1.
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Study Boundaries

As part of the Nevada State Water Plan and the
WESTWIDE Study?, the Federal -Power Commission's
San Francisco office and the Division of Water Resources
cooperated in making & set of electric energy projec-
tions for the State of Nevada.

Usually, the Federal Power Commission is concerned
with electric energy use in Power Supply Areas (PSA’s),
which cross State boundaries, but follow county lines in
most cases. However, an agreement was made to cut
the PSA’s at the Nevada State boundaries, so that the
base data and projections would cover only Nevada.

A study published in 1949 provided base data for
older Nevada areas designated Power Market Areas |,
I, Il and 1V, in the period 1930 through 1945. This report
provides base data for Nevada portions of the newer
PSA’s designated 41, 46B, 47 and 48, in the period 1950
through 1970. Map 2 shows the clder Power Market
Areas, and Map 3 shows the present Power Supply
Areas (PSA’'s). Correspondence between older and
newer areas is only approximate and is as follows:

Correspondence
PSA 41 is Area |l less Eureka and White Pine Counties,
plus McDermitt Township in Humbaoldt County.
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Recreation associated with generation at Rancho Seco.
Credit: Sacramento Municipal Utility District
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PSA 46B is Area | less McDermitt Township in Humboldt
County.

PSA 47 is Area Il plus Eureka and White Pine Counties.

PSA 48 is Area IV, which includes Clark and Lincoln
Counties.

Nevada Projection Approach

Population projections were made at the Division of
Water Resources by an approach which uses only fed-
eral 10 year census data. The approach has been based
upon the fact that there is a highly stable relationship
between numbers of people and how they are distrib-
uted. As such, the projections are policy free. They pro-
vide an unbiased baseline from which 1o view various
material and economic needs of the population, in terms
of per capita use rates — electric energy, water, income,
etc.

Principal sources of historical energy data used to
assist in making estimates of future loads are the power
system statements submitted 1o the FPC by electric util-
ities. Electric energy projections provided by the FPC
were based upon the approach of applying projected per
capita use rates to the population projections. The rea-
sonableness of the numbers so obtained by the FPC was
verified independently.

Coolant water projections are based upon the
present average technology in steam electric generat-
ing stations, which use about .7 gallons of water for every
kitowatt hour produced. It has been assumed only for
purposes of water calculation that there is no net export
or import of electric energy across Nevada's borders,
and that conventional generating facilities will use evap-
orative cocling systems. These conditions of water-
electric energy equivalency are not now completely true,
and are expected to be oniy approximately true in the
future, but are very convenient for discussion and for

accounting. Conditions have been noted on Table 4
and Figure 4.

Past and Expected Paiterns

Table 2 provides historic electric energy usage data,
1930-1970, and projections, 1970-2020. Data prior to
195C are listed by PSA’s for convenience rather than the
older Power Market Areas. Energy requirements are
shown for each class of use for those portions of FPC
Power Supply Areas 41, 46B, 47 and 48 within the bound-
aries of Nevada. The sum of requirements for the four
areas gives Nevada's total requirements, which are de-
picted for area and class of sales by Figures 1 and 2.
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Table 3 provides historic data and projections for
population and per capita electric energy use and Figure
3 shows per capita electric energy use. Coolant water
needs for the four areas and the State are listed in Table
4 and shown by Figure 4.

Energy requirements in all four areas increased at
rapid rates over the 1950-1971 period. Average annual
growth rates in the two major load areas, PSA 46 (north-
western Nevada) and PSA 48 (southern Nevada) areas,
were equal for the period, both 10.4 percent. The average
annua! increase in PSA 41 (northeastern Nevada) was
10.5 percent while that in PSA 47 around Tonopah and
Hawthorne was 7.65 percent. Even this lowest rate of
7.65 percent means a doubling of requirements about
every 9.4 years. The combined requirements of the
Renc-Lake Tahoe and Las Vegas areas comprise almost
86 percent of the States’ 1971 total requirements.

For the State as a whole, commercial energy use,
with a 13.3 percent 21-year average annual rate of
growth, is the fastest growing class. Residential use is
next with a 12.3 percent growth rate. In 1971, the two
classaes of use made up 67 percent of the total Nevada
requirements. When combined with industrial use, the
three classes of use in 1971 account for 89 percent of
total requirements.

Electric energy requirements for the distant future
are subject to many predictable and some major sur-
prise factors which influence growth. However, for plan-
ning or any other purposes, major surprises cannot be
reasonably taken into account. With these qualifications,
future per capita requirements have been reascnably
defined through use of available statistical data. The
intent has been to avoid too low or too high estimates of
requirements. If resulting estimates are too low, the in-
stalled power supply may be inadequate for the devel-
oping area economy. If the resulting estimates are too
high the worst that can happen is that there may be
excess capacity for a brief period or construction of
some facilities may need to be postponed.

For estimates of residential and commercial require-
ments, trends of persons per customer were prepared
from the numbers of customers reported in power system
statements and from population estimates. The past
energy use per customer for each class was obtained
from historical data and then projected, with modifica-
tions as needed toc conform to economic data, to pro-
duce reasonable estimates of future use. Total residential
and commercial requirements were obtained by multi-
plying the number of custamers by the use per customer.



Future estimates of the remaining classes of use were
made by extrapolating past trends with adjustments
made as economic projections dictated. The estimates
were checked by the FPC to be certain that they reflect
a reasonable estimate of growth in per capita use, based
upon available data and judgment born of past experi-
ence. As stated earlier, the reasonableness of the FPC
numbers was verified independently.

Nevada’s prospects for continued electric load
growth appear streng and the estimates shown on Table
2 show such a continuation. Energy requirements are
expacted to nearly double between 1971 and 1980 from
6,260 GWh3 to 12,311 GWh, and then to experience a
gradually decreasing rate of increase over the remain-
ing period of forecast. Energy requirements are esti-
mated at 53,500 GWh in 2020. The estimates reflect
gradual saturation of high energy using appliances, a
slowing population growth rate, and concurrent slaowing
in industrial and other growth.

In 2020 energy requirements in PSA 48 area are ex-
pected to constitute almost three-fourths of total Nevada
requirements. The combined requirements of PSA 46
and PSA 48 are estimated to be almost 98 percent of the
total electric energy required in the State.

Population-Water-Energy Situation

People need both water and electric energy. Where
and when there is significant economic competition for
water to satisfy both of these needs, the population-
water-energy situation should be viewed as an integrated
whole. Such is the case in Nevada.

Statewide, electric energy use is growing a lot faster
than municipal and industrial water use, which in turn is
growing & little faster than population. Generation of
electric energy requires large amounis of coolant water,
which are often obtained in ecanomic competition with
even larger demands for municipal and industrial uses.
In the urbanized areas of Nevada, particularly the Las
Vegas Valley, competition for use ot the scarce water
resource is expected to intensify in the future. Addition-
ally, environmental concerns involve both energy and
water use. _

Table 5 provides projections for Nevada's popuia-
tion, municipal and industrial water use and electric
energy use for the pericd 1970 through 2020. Figure 5
shows that use of electric energy is becoming econom-
ically more important with respect to municipal and
industrial water use. Under these conditions, water re-
quired for generation of electric energy also increases

FORECASTS FOR THE FUTURE — ELECTRIC ENERGY

in relative value with respect to municipal and indus-
trial use.

The future of electric energy use (E) relative to mu-
nicipal and industrial water use (W) is characterized by
the ratio, E/W, and is a result of what people are doing
to make use of water and energy at future times.

By the end of the study period, 2020, Table 5 and
Figure 5 indicate that:

1. Per capita electric energy use, E/P, will be about
190% above the 1970 value.

2. Per capita municipal and industrial water use,
W/P, will be about 15% above the 1970 value.

3. Electric energy use relative to municipal and in-
dustrial water use, E/W, will be about 150% above
the 1970 value.

Number of Nevada Generating Stations

Electric energy use projections provided in Tables
2 and 5 can be converted to the number of generating
stations statewide, assuming Nevada is nearly self-
sufficient with respect to electric energy. !f the average
size generating station in Nevada is assumed in the fu-
ture to produce 500 megawatts, 5 stations would be
required at 1980, 9 stations at 1990, 13 stations at 2000,
17 stations at 2010 and 20 stations at 2020. Chapter 4
preliminarily lists 26 valleys which might efficiently sup-
port electric energy generation.

GROWTH PATTERNS OUTSIDE NEVADA

interpretation of Outside Pressures

For Nevada, with its own internal pressures, the
outside pressures will mostly determine the State’s future
electric energy posture.

Chief concern for Nevadans is how California and
the West will fare with respect to the rest of the nation.
If the West becomes self sufficient, or exports electric
energy, then probably Nevada will not see scarcity, Hf
the West and particularly California, is short, then Ne-
vada may have to tighten its belt at some time with
respect to electric energy use. It is of comfort 1o Nevada
and the cther States in the West that regional balance
between generation and use of electric energy has been
predicted to occur between 1995 and 2000.

Further analysis of the future electric energy situa-
tion for Nevada, California and the West, is based upon
past amounts and distributions of electric energy gen-
eration in a national context.

14
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Study Boundaties

For purposes of this report, the national context has
been viewed from the four regions defined by the U.S.
Bureau of the Census. These are:

Four Census Regions
1. West
2. South
3. Northeast
4. North Central

Alaska, Hawali and Puertc Rico have not been spe-
cifically examined in this study. This is because their
electric energy transmission systems are not connected
with the main body of the States.

In addition to the previcus four regions, another
group of States has been selected to further show the
total applicability of the results to be discussed. Five
States, at least one from each region, were selected:

Selected States
1. Californta {(West)
2, 3. Texas, Florida (South)
4, New York (Northeast)
5. Michigan (North Ceniral)

All five States have exhibited a relatively high popula-
tion growth rate coupled with a large base population.
All have seaports and conduct varying amounts of for-
eign trade. All exhibit varying characteristics for water
and related land resources, climate, economy and pop-
ulation. As a group, these selected States could be ex-
pected to show a consistent sampling of what each part
of the nation is dcing. Therefore, these States should
also mirror what the nation is deing with respect to pop-
ulgtion and electric -energy — just as well as any of the
four regions could mirror these national activities.

Map 4 shows the four census regions of the nation,
with all 11 of the contiguous Western States being out-
lined. Outlines are also provided for -the enfire three
remaining regions. In addition, the five selected States
are cross-hatched.

Regional Projection Approach

Regional and national population and electric energy
generation projections have been made by the same
technique used to make Nevada's population projec-
tions. The technigue is independent in principle of the
purposes and pelicy inclinations of the investigator. As
such, the projections resulting are as free as personally

i5

possible of what are usually called “policy aspects”.
This unbiased base line approach for viewing per capita
needs of the population is covered by Part 3 of Appendix
E in greater detail. There it is re-emphasized that the
amcunt and distribution of per capita electric energy
generation has tremendous momentum through the long
term, is difficult to distort and conseguently is highly
predictable.

Past and Expected Patterns
Table 6 provides historic and projected data for the
period 1920-2020. Figures 6, 7 and 8 illustrate the data.

Table Figure Categories of Data
6 ¢} 1. Population
6 7 2. Electric energy generation
6 8 3. Per capita electric energy
generation
6 none 4. Ratios of per capita electric
energy generation for paris
of the nation to the nation.
(Part/Total).
Figure Groupings Covered by Data
6,78 1. The four census regions and
the nation
6,7,8 2. The five selected States as
a classification
6,7,8 3. California

Population and electric energy annual growth must
slow down in the nation. What this means is that both
will continue to grow, but at decreasing annual amounts,
and at some future time couid achieve "'net zero growth”.
Barring huge upsets, this zerc growth will not cccur for
population or electric energy prior to 2020, the end of
the period of concern for this study.

Prior t¢ 1960, the nation’s long term population
growih was occurring at an‘increasing annual amount.
At about 1960, this increasing annual growth reached a
maximum and "inflected’ or “turned arcund"”. Since in-
flection, long term population growth has continued, but
at a decreasing annual amount.

The nation's long term annual amount of electric
energy growth is expected to inflect about 1975 while
the comparable per capita annual growth is also ex-
pected to inflect about 1975 Important annual growth
inflections have occurred or are expected to occur as
shown by Table 7.



TABLE 7: IMPORTANT INFLECTION TIMES
FOR LONG TERM GROWTH

Per Capita
. Energy Energy

Area Population Generation Generation

Nation 1960 apx. 1975 apx. 1975 apx.
Selected " " "
South " " "
Northeast " " "
North Central " " "
West v " "

California 1960 apx. 1975 apx. 1975 apx.
Nevada* 1982 apx.* 1986 apx.* 1975*

Notes: Apx. means approximately, Long term dates are given ap-
proximately.

“Electric energy use rather than generation for Nevada. Division of
Water Resources projections were used instead of FPC projections
for determining inflections for Nevada. These projections are main-
tained open file.

From Table 7, the West and California are listed as
having inflections in annual growth for total generation
and per capita generation at 1875. Nevada also has an
inflection in annual growth at 1975 — for per capita use.

If total use and generation in the West and California
do not get out of reasonable balance, then perhaps
Nevada’s total etectric energy use, which appears head-
ed for inflection in annual growth at 1986, will not be
locally burdensome. However, if electric energy should
become short in areas surrounding Nevada, higher costs
will be incurred by Nevada's individual citizens. These
costs will show up in utility investments for new generat-
ing capacity inside Nevada and in higher prices for im-
ported electric energy, where and when available. Costs
must be ultimately passed on to the consumer.

Effects of the Arab oil embargo felt in 1973 and 1974
have alerted people to the short {erm facts of life for
conservation of electricity. To what extent effects of the
short term oil embargo are coupled with and have
masked the inflections shown in Table 7 is difficult to
say. One difficulty is that the projections are long term
and are not tabulated for exact annual comparisions.
Certainly, electric energy use and generation annual
growth rates for Nevada and California have slowed.
This slowing should be attributed to being right at the
generation inflection point, as well as effects of the short
term Arab cil embargo.

With the coupling of these two apparent causes for
slowing of annual growth in electric energy use and

FORECASTS FOR THE FUTURE — ELECTRIC ENERGY

generation, a short term but false impression of security
could be created. It must be emphasized that plans for
new facilities should be based upon long term caonsider-
ations, and not a short term false impression of security.
Any holiday in long term preparations could have un-
comfartable resulis for Nevada.

A further emphasis on the meaning of the inflections
presented in Table 7 for Nevada's growth is this. Electric
energy policies and related assumptions conceived for
larger and slower growing areas may not be applicable
to Nevada. Nevada's rural areas use about one-half as
much electricity per capita as does the nation and the
urbanized areas use considerably more than the nation.
Cuts in funding for rural electrification will hurt expec-
tations of the rural areas. Curtailments in new generating
capacity inside Nevada coupled with lack of importiable
electric energy due to shortage elsewhere will hurt ex-
pectations of the urbanized areas. For Nevada, the im-
pact of shortage upon individual citizens is greater than
in surrounding areas with more temperate weather,
lesser per capita needs and greater resources to call

. upon.

PRUDENCE OF SELF SUFFICIENCY

All of the previous discussion points to the prudence
of Nevada's attempting to become nearly self sufficient
with respect to electric energy. There are more than
enough sites to achieve this. However, the economic
and environmental considexations must be carefully and
reasonably weighed.

1To avoid confusion over the meanings of the words “predict,”
“forecast’’ and ‘project” it is necessary lo say that they may be
used interchangeably for all Division of Water Resources generated
population and electric energy numbers presented herein. This
convention is used to emphasize that these numbers are the product
of a theory of growth and prediction method which are independent
in principle of the policy inclinations of the investigator. As such,
predictions, forecasts and projections are our best estimates of
future canditions, barring huge upsets, and can be used with a high
degree of confidence —in contrast fo future conditions contrived
from mere assumptions.

2The WESTWIDE Study was inaugurated subsequent 1o the passage
of the Colorado River Basin Project Act (P. L. 90-537) in September
1968. The Bureau of Reclamation, in the Department of Interior, was
assigned to work with States whoily or partly West of the Continental
Divide in furthering their water planning efforts. Nevada has made
extensive use of the state and federal study team formed under
WESTWIDE, and subsequently, continued under Nevada auspices.

5Gigawatt hours. See Table 1 for further explanation.
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MAP 2
NEVADA PORTIONS OF FPC
POWER MARKET AREAS L 11, lll & IV

(Prior to 1950 for purposes of this report)




UTILITY SERVICE AREAS

Sierra Pacific Power Co.
Nevada Power Ca.

B Others

- Large portions of the State are sparsely
populated and devoid of electric service.

N

MAP 3

NEVADA PORTIONS OF FPC
POWER SUPPLY AREAS 41, 46B, 47 & 48

(1950 to circa 1970 for purposes of this report)
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The 48 Contiguous States In 4 Regions ¥: WEST,
SOUTH,
NORTHEAST,
NORTH CENTRAL

# Alaska, Hawaii and Puerto Rico not shown.

Selected States: CALIFORNIA (West), TEXAS, FLORIDA (South), NEW YORK{Northeast),
and MICHIGAN (North Central)

WEST

The 11 Contiguous Western States, wholly or partly West of the Continental Divide:
WASHINGTON, OREGON, CALIFORNIA, IDAHO, NEVADA, MONTANA, WYOMING,
UTAH, ARIZONA, COLORADO, and NEW MEXICO.

MAP 4
UNITED STATES OF AMERICA
THE 48 CONTIGUOUS STATES IN 4 REGIONS
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TABLE 1
PROJECTIONS IN THiS REPORT
Type of Projection Description Base Data
and Time Pariod of Coverage Pages Tables Period
1. Population from a. Nevada! and its 23,24 3.5 1920-1970
1970 to 2020 at four Power Supply
10 year intervals Areas (PSA’s)
b. California 25 6 1920-1970
c. West 25 8 1920-1970
d. Nation 25 6 1920-1970
2. Electric energy a. Nevada and its four 21,23 2 1930-1970
generation from 1970 Power Supply Areas
to 2020 at 10 year (PSA’s)2
intervals? b. California 25 6 1920-1970
c. West 25 6 1920-1970
d. Nation 25 8 1920-1870
3. Per Capita Electric a. Nevada and its 23,24 3,5 1950-1970
energy generation from four Power Supply
1970 t0 2020 at Areas (PSA’s)2
10 year intervals b. California 25 6 1920-1970
c. West .25 8 1820-1970
d. Nation ) 25 6 1920-1970
4. Coolant water equivalent a. Nevada and its 24 4 Based upon
to generation from four Power Supply .7 gallons of
1870 to 2020 at Areas (PSA's) water per KWH
10 year intarvals* of electric
energy generated.

Notes:

1 Nevada population projections were previousty published in State Water Plan report No. 5, entitled, “Forecasts for the Future —
Population.”

2 Use rather than generation for Nevada only. Nevada's historical use data is not complete until the late 1940's. Per capita electric
energy use estimates were made by the FPC, and multiplied by Division of Water Resources population numbers to arrive at total
electric energy use.

3 TWh means terawatt hours, and is also written TWH. A TWH is 1,000 gigawatt hours (GWH). A GWH is 1,000 megawatt hours
(MWH). A MWH is 1,000 kilowatt hours (KWH). A KWH is 1,000 watt hours (WH). A kilowatt (KW) is about 3/4 of a horsepower
{HP), omitting the factor of time.

S0, a KWH of slectricity is equivalent to about 3/4 of the output of a cne horsepower engine operating for one hour. A GWH is
one million KWH, and is equivalent to the output of a 3/4 million horsepower engine cperating for one hour.

4 Amounts of water are given in acre-feet per year [AF/Y). An acre-foot of water is the amount required to cover an acre one foot
deep, and is approximately 1/3 million gallons.
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TABLE 3
NEVADA GROWTH PATTERNS FOR POPULATION, PER CAPITA
USE AND TOTAL USE OF ELECTRIC ENERGY
1970 1980 1990 2000 2010 2020
POPULATION
{In terms of
resident persons)
Nevada 488,738 770,000 1,082,000 1,319,000 1,477,000 1,564,000
PSA 41 15,044 23.300 29,475 33.600 35,685 36,725
PSA 47 23,827 26,700 29,100 31,225 32,700 34,100
PSA 41 and 47 38,871 50,000 58,575 64,825 68.385 70,825
PSA 46B 174,022 239,800 305,625 357,275 389,665 403,165
PSA 48 275,845 485,700 717,800 896,900 1,018,950 1,090,000
ELECTRIC ENERGY USE
(In terms of giga
watt hours annually)
Nevada 5,838 12,311 22,402 33,912 45,146 53,550
PSA 41 81 186 325 461 573 652
PSA 47" 108 184 282 384 483 561
PSA 41 and 47 189 370 607 845 1,056 1,213
PSA 468 1,605 3,341 5,756 8,522 10,879 12,657
PSA 48 4,044 8,600 16,039 24,545 33.211 39,680
PER CAPITA USE
(In terms of kilowatt
hours per person annually) .
Nevada 11,945 15,875 20,704 25,710 30,566 34,239
Equivalent in Men* 23 30 39 49 58 ) 65
PSA 41 : 5384 7,982 11,026 13,720 16,057 17,753
PSA 47 4,533 6,891 9,691 12,298 14,470 16,452
PSA 41 and 47 4,862 7,400 10,363 13,035 15,442 17,127
PSA 46B 9,223 13,932 18,834 23,853 27.919 31,394
PSA 48 14,660 17,706 22,345 27,366 32,593 36,404

Notes: *Refer Table 22 for additional information. Estimates based upon a person’s work output for one hour being 0.06 kilowatt hours.

Data tabulated for the period subsequent to 1970 are the product of numerical and graphical interpolation techniques.
Accuracy o the number of significant figures provided is not intended; likewise for 1970.
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TABLE 4
COOLANT WATER NEEDS FOR NEVADA'S FUTURE ELECTRIC ENERGY GENERATION
1870 1980 1990 - 2000 2010 2020
COOLANT WATER NEEDS
(In terms of acre-feet
per year)
Nevada 12,552 26,446 48,124 72,850 96,983 115,036
PSA 41 174 398 698 990 1,230 1,401
PSA 47 232 396 606 824 1,038 1,204
PSA 41/47 406 794 1,304 1,814 2,268 2,605
PSA 46B 3.451 7177 12,364 18,307 23,370 - 27,190
PSA 48 8,695 18,475 34,455 52,728 71,344 B5,241

Nofes: Assuming no net import or export of electric energy. Water use based upon .7 gallons per kilowatt hour.

Data tabulated for the period subsequent to 1970 are the product of numerical and graphical interpolation technigues. Accuracy
to the number of significant figures provided is not intended; likewise for 1970.

TABLE 5
PROJECTIONS FOR NEVADA’S POPULATION, MUNICIPAL AND INDUSTRIAL WATER USE
AND ELECTRIC ENERGY USE, 1970-2020 :
Projected Quantities for Study Period, 1970 to 2020
*(See Table 2 for Historical Data)
Subject of ’ :
Projection Symbol 1970 1680 1980 2000 2010 2020
Population (P 489 770 1,082 1,319 1.477 1,564
Water Use (M & 1) (w) 224 - 368 530 662 756 815
Elec. Epergy Use* (E) 58.4 123 224 339 452 536
Ratios Comparing the Above Projected Quantities
Per Capita (E/P) 119 160 S 207 257 306 343
Elec. Energy Use
Per Capita (M & I) (W/P) .458 478 490 502 512 521
Water Use
Elec. Energy Use (E/W) 261 334 423 512 .598 658
Relative to
Water Use
Percent Increase in Importance Above 1970 Conditions, as Calculated from Ratios Above
Per Capita (E/P) none 34% 74% 116% 157% 188%
Elec. Energy Use
Per Capita (M & 1) (W/P) none 4% 7% 10% 12% 14%
Water Use
Elec. Energy Use (E/W) none 28% 62% 896% 129% 152%
Relative to Water Use

Motes: Population is in terms of thousands of resident persons.

Water use in terms of thousands of acre-feet per year, and does not include coolant water use for future stream electric energy
generating plants. M & | means municipal and industrial.

Electric energy use is in terms of megawatt hours per year divided by the constant one hundred thousand (10°). The constant
divisor was selected merely to make the numbers easier to tabulate. So, to arrive at the actual projected energy use, the tabulated
number would have to be multiplied by 100,000.
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ELECTRIC ENERGY USE BY AREA
GIGA WATT HOURS ANNUALLY

FORECASTS FOR THE FUTURE — ELECTRIC ENERGY
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FIGURE 1
NEVADA ELECTRIC ENERGY GROWTH PATTERNS BY AREA

(Data taken from Table 2)
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{Data taken fram Table 2}
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PER CAPITA ELECTRIC ENERGY USE BY AREA

FORECASTS FOR THE FUTURE — ELECTRIC ENERGY
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FIGURE 3
NEVADA PER CAPITA ELECTRIC ENERGY GROWTH PATTERNS

{Dala taken from Table 3}
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{Data taken from Table 4)
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(Data taken from Table 5)
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CHAPTER 4

CONSERVATION FOR ELECTRIC ENERGY

GENERATION AND USE

LIMITATIONS

Efficiency

To mitigate the effects of expected shortages, conser-
vation measures should be applied to both the sources
and uses of electric energy taken together with water
and related land resources, where economically, en-
viranmentally and technically justified. The combinations
of sources and uses are primarily determined in the
market place and by evclution of technology, which pro-
vide practical limits to conservation. However, there are
also social (regulatory, planning) limits and less obvicus
natural limits. All of these timitations may be described
in terms of degrees of efficiency. '

As previously stressed, source-use combinations are
the product of extensive experience, and are probably
the moest efficient for the present total situation. To avoid
paying a long term penalty in total energy efficiency, any
attempts at immediate change of source-use combina-
tions must not be exempted from the competition of the
market place, for mere short term electric energy benefit.

Finally, efficiency for electric energy generation and
use should be considered in the total context of effects
upon population, ecoromic activity and resource use
in both the short and long term.

Factors of Efficiency
The separate addendum to this report is composed
of appendices organized around the individual factors

33

of efficiency and the technaclogy of water use in energy
processes. There is no question that these factors are
wrapped up in.the total environment in which we carry
on our affairs. Nobody has yet learned how to under-
stand or control complexity of this magnitude — it just
operates on the basis of many small, individual deci-
sions, which seem to be ““invisible’". However, occasion-
ally some important facts stand out partiaily from the
total complexity. This is the status of the factors of ef-
ficiency and the justification for taking an expanded look
at them in the individual appendices, which are sum-
marized following:

For Electric Energy Generation:

Appendix A, Siting

A preliminary siting-rating system was developed,
which attempts to take into account reascnable eco-
nomic and envircnmental balance, at a high level of
efficiency, without a morass of regulations. However,
recent and future federal actions may become control-
ling with respect to regulations.

A tentative selection was made of 26 valleys or hy-
drographic areas, which might efficiently support electric
energy generation facilities. Tentative selection was
parily based upon adequate ground water o support
1,000 megawatts of electric generating capacity. In the.
neighborhood of 15,000 acre-feet of perennial yield
would be required', Valleys in developed urban and
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Control room at Rancho Seco during construction phase.
Credit: R. £, Walsirom
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rural areas have been temporarily set aside from con-
sideration, pending study beyond this report. \ncluded
in the set aside classifications are the Las Vegas Valley,
as well as other valleys in the Carson, Truckee, Humboldt
and Walker River systems.

Electrical generating capacity close to larger electric
load centers is economically efficient. Planners often
say, “Keep the people and the facilities 10 serve them
close together” — sc as to cut down on the total facilities
required. However, there are limits to closeness where
quality of life has been built and will continue to depend
upon use of scarce water and related land resources.

If there is intense competition for existing water re-
sources in an urbanized valley or area, it would probably
be necessary to site generating facilities which would
use additional water in a nearby but not water short lo-
cation. The same would be true for agricultural areas, it
generating facilities would infringe upcn existing rights.
Each situation should be judged on its own merits.

Valleys tentatively selected are listed by name and
State Water Plan identification number, in the order of
increasing perennial yield? of the ground water basin:

Dixie Valley 128; Smoke Creek Desert 21; Kobeh
Valley 139; Frenchman Flat 160; King's River Valley 30;
Newark Valley 154; Coyote Spring Valley 210; Fish Lake
Valley 117; Lower Reese River and Whirlwind Valleys 58,
60; Clayton Valley 143; Clover Valley 177; Pahroc Valley
208; Pahranagat 209; Snake 195; Black Rock Desert 28;
Diamond Valley 153; Amargosa 230; White River Valley
207; Muddy River Springs Area 219; Railroad Valley 173;
Ruby Valley 176; Quinn River Valley 33; Big Smoky Val-
ley (North) 137b; Steptoe Valley 179; Spring Valley 184.

Appendix B, Alternative Processes

Practical replacement processes for proven existing
electric energy sources, such as hydra (base load), con-
ventional fossil fuels and nuclear, are not expected to be
available on a large scale much before the year 2000.

There is extreme interest in Nevada for an early
technical breakthrough leading to utilization of geo-
thermal resources. Presently, 13 areas in Nevada are
identified by the U. S. Geological Survey as Known Geo-
thermal Resource Areas (KGRA), and about 20% of the
State is thought to have potential for future geothermal
explaration. On a national scale, Nevada is estimated to
be second only to California for potential gecthermal
energy develupment. The most promising developments
are for generation of electricity and for heating and cool-
ing of structures.
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For supplying peak power needs, pumped storage
generation is expected to become mare attractive as the
size of Nevada's electric energy load increases and
transmission systems in the 11 Western States become
more highly interconnected. As part of a recent recon-
naissance study, the Federal Power Commisison and
Nevada have tentatively identified a sampling of potential
pumped storage sites in Nevada.

Direct conversion of solar radiation into electricity is
expected to be the most ideal, large scale, long term
solution 1o electric energy probiems. However, direct
conversion of solar radiation into electricity is presently
too expensive and experimental for large scale use. A
related aspect is that sclar operated non-electrical heat-
ing and cooling systems for structures are expected to
come into limited use, thus relieving some of the need
for scarce electricity.

Appendix C, Rate of Use
Reduced time on line for appliances and equipment

. as well as scheduled avoidance of use during periods of

peak demand could ease pctential shortages. This
amounts to slowing the rate of energy use, and theretore
generation, as well as an attempt to achieve greater
efficiency at some lesser total amount of generation.

On the average, Nevadans use sufficient electric
energy to employ quite a few people at hard manual la-
bor in producing that energy. In 1970, each of us made
use of electric energy equivalent to 23 people working
full time. Projections indicate that this “people equiva-
lent to energy use” will become about 30 in 1980, about
39 in 1990 and about 48 in 2000.

Certainly, it each of us had to get on the treadmill to
produce electric energy, the use would drop. We dan't
have to do this, but the previous comparison serves a
useful purpose to gain attention for the problem.

Appendix D, Design

More efficient design for heating, cooling and light-
ing by residential, commercial and industrial appliances
and equipment would use less energy. Better insulation
of structures would also be a more efficient design factor.
Costs of more efficent design would be balanced against
long term savings in operation.

For Electric Energy Generation and Use:

Appendix E, Natural Limits
a. Available Energy. In energy terms, what is theoretic-
ally contained in a fuel, what we take in process and



what is needed for the job are greatly different in
amount. Reduction of the wasted energy portion of
these differences in energy required between job and
process and between process and fuel would in-
crease the available energy for doing work. This
could be achieved by more efficient job-process-fuel
combinations.

Itis the concept of reducing waste of available energy
which can lead to significant improvement in the pre-
vious combinations, subject to judgment in the market
place, available technology and the natural limitations
of thermodynamics.

b. Process Operating Temperature. Efficiency in any
energy process improves as the source temperature
rises within design limits above some lower base
temperature required to operate the process. Electric
energy is capable of producing high temperatures,
and consequently, is potentially highly efficient. How-
ever, not all processes require high temperatures,
and design might reasonably be shifted away from
scarce electricity for these processes, again subject
to judgment in the market place, avaiiable technology
and the natural limitations of thermodynamics.

c. Amount and its Distribution. For purposes under con-
sideration, amount (or number) and its distribution
applies to population and related activities, in which
electric energy generation and use and general re-
source uses and economic activities are included.

Amount and its distribution for population and electric
energy generation and use has the quality of natural
limit, because there is a tremendously stable, long
term, straight-line relationship between total amount
" and its distribution by area or class. In this regard,
refer to Figures 6 and 7, where the iines are essen-
tiaily straight, except close to the origin, which is dur-
ing the period of early and somewhat undeveloped
growth. Barring huge upsets, the behavior shown by
the figures will continue to be essentially straight and
smoath, This is the manifestation of a natural limit.

Character of this limit cannot be greatly changed
without huge upsets, which means that population
and electric energy generation and use cannot be
efficiently redistributed? on a large scale.

Appendix F, Reguiatory Situation

Hegulaticns usually operate to slow the rate of tech-
nological growth and efficient’applications of source-use
or job-process-fuecl combinations previously described.

FORECASTS FOR THE FUTURE - ELECTRIC ENERGY

Regulations can also serve to directly or indirectly retard
or accelerate some aspects of population growth.

Appendix G, Technclogy of Water Use for
Energy Processes

The preceding title has been chosen by the U. S.
Geological Survey, for their Circular 703, published in
1974. The entire text of the circular has been reproduced
for the addendum to this repart, because of the need to
present the most recent water requirements for energy
processes of cancern to Nevada and the West. Circular
703 is maintained open file at the Division of Water Re-
sources and at the U. 8. G. S. Cffice in Carson City.

1Refer to Appendix G for discussion of water consumption by electric
energy generation and other energy processes.

2Perennial yield may be defined as the maximum amount of natural
discharge that economically and legally can be salvaged over the
long term by pumping.

3Numbers of people are distributed by place and other important
classifications which might include age, sex, race, religion, weaith,
health, education, skill, housing, employment stalus, etc. Elggtruc
energy generation and use are distributed by place and ciassmcg-
tion having to do with the previously mentioned scurce-use combi-
nations or job-process-fuel combinations.
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