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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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‘1. SUMMARY

This report details the preliminary methodology‘and results of an

~ ongoing assessment of the impacts of future (to 2000) coal use in Cali-

forn1a The assessment forms an 1ntegra1 part of the National Coal
Utlllzatlon Assessment (NCUA) belng conducted cooperatlvely by six of -
the ERDA national laboratories for the Division of Technology Overview,
Office of Environment and Safety. Each laboratory is conducting a
paralielvinvestigation for its study region. Assessments for the six

study regions will be integrated by Argonne National Laboratory to'pro—

vide a cdmprehenSive assessment of the impacts and constraints associ-

ated w1th increased utilization of coal in the United States

A common basis for these assessments has been adopted. An

" initial. set of four national coal utlllzatlon scenarlos was constructed

that features alternative coal technologles for comparatmve assessments.

Each scenarlo, dlsaggregated to the regional level, spe01f1es the type

_and number of facilities, and erls ‘for each reglon for the time span

from 1976 to 2000. Lawrence Berkeley Laboratory is responsible for the
1ntegrated assessment of the scenarlos for the State of California. In
OHdUCtlng the assessments, candidate sites for fac111t1es are selected;
on the basis of which analyses areiperformed to evaluate the impacts on
air qua11ty, water and other resources, local and state economy, and
health and safety

The organlzatlon of sectlons in this report follows the log1c in

the above assessment. Sections 2 and 3 prov1de historical data

~ that characterlze the region and its energy "supply and use for the past

15 to 20 years, ‘and describe the set of four alternative scenarios for
future energy supply to California. Section 4 discusses the charaeter—
istics of the coal- fired power plants that will be operating in Califor-:-
nia and the propertles of the coal that will be burned in them.

Sections 5 and 6 present the economic and environmental 1mpacts for the
Recent Trends scenario (scenario 1). These impacts are statew1de’and
are not site specific. Section 7 includes a description of the regula- B

tory agencies and their interaction in the siting process for power




plants. Section 8 describes the procedure used in this study for
identifyingllocations suitable for siting of power plants. Water
requirements for power plants included in each of the four scenarios
were estimated for each aggregated subarea for 1985 and 2000 and are

presented in Section 9. Air quality and health and safety impacts,

-

discussed in Sections 10 and 11, were estimated for one coal-fired
power plant to be located in Northern California. Details of the models
for estimating the statewide economic impacts and the site specific air
pollutant emissions are described in the appendices. A summary descrip-
tion of each section is presented below. | »
Energy supply scenarios for California were disaggrégated from the
four Pacific Region scenarios developed by Brookhaven National Léboratory.
These scenarios specify in detail the quantities of major energy supply
sourcgs for 1975, 1985, and 2000. Major sources include coal, petroleum,
natural gas; solar and geothermal, and electricity supply by type of
generation. " Scenarios for 2020 will be forthcoming at a later date.
Each of these four scenarios emphasizes different amounts and type of
coal use. The first scenario, or the Recent Trends scenario, extrapo-
lates current low quantities of coal use in California. The second and
third scenarios call for increased coal use for conversion to synthetic
fuels and for electricity generation respectively. The fourth scenario
postulates increased coal use for both electricity generation and syn-
thetic fuels production. In California, coal use is assumed only for
electricity generation and for industrial production; scenarios 1 and 2
are therefore identical as are scenarios 3 and 4 except for minor
differences in natural gas supply in the latter two scenarios.
Statewide economic impacts and pollutant residuals were calculated
for the Recent Trends scenario (scenario 1). Economic impacts include
estimates of direct capital and manpower requirement for construction
and operation of all facilities required for energy supply andvestimates
of consequent changes in value added and indirect manpower requirements. -
These impacts were estimated with the models described in Appendix A.
In-state capital outlays and manpower requirements geherally decrease .
over time, although these show an irregular behavior since many of the ' '

energy facilities are built in large discrete units. The construction
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of coal related facilities to generate power“%rém!the single coal-fired’
power plant assumedvin this scenario requires roughly $4OO million (1974
constant dollars), a small outlay compared to a total capltal requlre- '
ment of $11 b11110n for all the energy fac111t1es. The manpower requlre-

ments are also a relatlvely small fraction of the total The dlrect and

_1nd1rect value added both decrease, although 1rregu1ar1y, through to’

2000. However,over the twenty five year per1od 1975-2000, the d1rectﬁ
economic 1mpacts constltute an 1ncrea51ng fraction of the total’ economlc
1mpacts This 1nd1cates a shlft away from cap1ta1 1nten51ve to more |
labor intensive energy fac111t1es

Of the statewrde pollutant residuals, air pollutants from coal -

related fac111t1es are of s1gn1f1cance to this study In Callfornla

these coal fac111t1es 1nc1ude coal tralns and a coal power plant

.Quantltles of the three ma]or pollutants emitted by these fac111t1es-—

‘partlculates, ox1des of n1trogen and sulfur ox1des--were est1mated

These amount to less than ten per cent of the statew1de emissions of
these pollutants by enercy and transportat1on fac111t1es dur1ng the 1975-'
2000 perlod , |

The 31t1ng of power plants in Callfornla is governed by a complex
set of rules and regulatlons. The pr1mary regulatory respon51b111ty for

power plant siting rests with the Ca11forn1a Energy Resource Conservation

- and Development Commlss1on (CERCDC),;establlshed by the passage of the

Warren -Alquist Energy Act of 1974 Although this Act has gone far to
bring together the process of power plant 51t1ng under a 51ng1e agency,
it has not resulted in a one- step permit process For example the
authority of federal agencles to issue separate perm1ts accordlng to
their respon51b111t1es is recognlzed , ’

The 51t1ng procedure administered by the Comm1551on is a three-
year, two-stage process. The first stage.beglns w1th the utility's
submission of a Notice of Intent (NOI). The 18- month NOI process allows
for public notice and part1c1pat10n and ascertalns the need for a
generic-type plant and its environmental 1mpacts‘for several alternative

sites If the NOI is approved, the utility'can file an Application of

_Certlflcatlon (AFC), which ascerta1ns how well a spec1f1c plant de51gn

51tuated on a part1cular site will conform to the approprlate standards.
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The approval of the AFC authorizes plant construction and operation.

During this three-year procedure the Commission will consider the
rules and regulations of other state agencies such as the Coastal
Commiséion, the Air Resources Board, the Water Resources Control Board,
the State Lands Commission and local agencies. To what extent the
Commission can or will abide by the regulations promulgated by these
agencies is still unclear since no power plant has yet been sited under
the new Act. However, the Act has effectively consolidated the siting
procedure and greatly reduced the discretionary authority of the many
state and local agencies that formerly held independent site approval
authority. _

To permit detailed analysis of impacts on water resources, air
quality and health and safety aspects, site regions were selected to
accommodate the power plants specified in the four NCUA scenarios for
California. The area of the regions was determined by the type of
impacts analyzed. For example, since water resources impacts were
analyzed at the aggregated subarea (ASA) level, locations of all power
plants were specified by ASA regions. Each ASA region is an aggregation
of counties. On the other hand, for air quality and health impacts
analysis the coal-fired power plant sites were designated at a more
specific (sub county) level. )

The siting analysis for this assessment utilized an exclusionary
siting methodology in which areas of California were eliminated from
consideration as potential power plant sites on the basis of selected
criteria. The exclusionary criteria were: )

1) air quality maintenance areas (AOMA's) —
2) zone III earthquake intensity areas o
3) areas with significant biological resources
4) urbanized areas as defined in the 1970 census and
projected urbanized areas of 1990
5) prime agricultural lands and agricultural preserves
6) coastal areas
7) special state and federal lands
These exclusionary criteria eliminated substantial portions of Cali-

fornia secondary criteria were then applied to evaluate the remaining



areas. These secondary cr1ter1a are of two types Theifirst called
avoidance criteria, “took ‘into account those features or alternat1ves :
wh1ch would not . necessarlly prevent power plant construction but which
nevertheless represent some add1t10na1 constra1nt or added costs. For '
example, flood prone areas were avoided although power plants can be

de51gned to w1thstand floods Second, certa1n opportun1t1es exist wh1ch

‘make some areas more. de51rab1e than others for power plant sites, such

?

as prox1m1ty to rall transportatlon or transm1551on lines. These are -
referred to as opportunlty criteria. These cr1ter1a both exc1u51onary
and secondary, are llsted in Section 8. The maJorlty of the exclus1onary
criteria were: mapped on transparent overlays, wh1ch resulted in a map of
perm1551ble areas for coal power plant locatlons w1th1n wh1ch site areas
could be selected by appllcatlon of secondary cr1ter1a
' Based on these criteria an 800 . MWe coal power plant stlpulated in

all four 1985 California scenarlos was slted in ASA 1802 in “Tehama
County (North Central Callfornla) For the year 2000 an additiOnal 800" MWe
unit was added at the same site along with six other 800 MWe units, two at
each of three sites in Southeastern California. For the water resource
1mpact ana1y51s all water- consumlng power plants were 51ted by ASA regions.

Fresh water requlrements for power plants in 1975 were small,
(32, 000 acre- ft), since most of the power plants were located near the
coast and used sea water for coollng By 2000 however the fresh water

requlrements for the new, inland power plants spec1f1ed in the Callfornla‘

'scenarlos will be as high as 400 000 acre-ft per year.. Comparisons of -

*prOJected water demands w1th deVeloped supplles have 1ndicated that fresh

water shortages w111 occur in many areas by 2000 The 400,000 acre-ft

per year demand for power plants w111 then pose an additional burden on

_developed supplles

By the year 2000 statew1de water requ1rements for scenarios 1 and
2 the Recent ‘Trends and: Accelerated Synfuels" scenarios, are 25 percent
larger than requirements for scenarios 3 and 4, the High (oal Electric

and ngh Coal Electr1c and Accelerated Synfuels scenarlos This difference

is due to the expanded use of less efficient nuclear capac1ty in
scenarios 1 and‘z, and the out-of-state siting of some of the coal

. capacity in scenarios 3 and 4.



The inland siting of most of these nuclear power plants in Central
California (ASA 1802), a water-deficient region with groundwater over-
draft, poses a serious freshwater availability problem. Supplies of
cooling water will therefore have to come from agricultural waste waters
or from water transfers from other users. Similarly, water for coal power
plants in the southeastern desert region (ASA 1806) will have to come
from uncertain groundwater sources or from agricultural waste waters or
from transfer of water from other users.

Air quality impacts due to coal combustion in the 800 MWe coal
power plant in North Central California were investigated. Coal used in
the power plant was assumed to have a heat content of 12,000 Btu per 1b,
a sulfur content of one percent, and an ash content of ten percent. The
power plant was assumed to have scrubbers and precipitators as pollution
control equipment. The pollutant concentrations were estimated using a
short-range (50-60 Km) Gaussian Plume Model with first order chemistry
and a flat surface with choice of surface cover types for deposition.
Due to data limitations, climatological data for Sacramento, California
was assumed to approximate the weather conditions at the Southern
Tehama County site,

The model indicates that the levels of major pollutants, partic-

ulates (TSP), SO NOX produced solely by the power plant are lower

than the annual agerage federal or state Ambient Air Quality Standards
for all three pollutants. These pollutants also fall below the short
term l-hour, 3-hour, and 24-hour standards, with the only éxception being
the 24-hour TSP standard. The plant emissions exceed this standard by
50 percent. Moreover, TSP and NOx concentrations have been fairly high
in the surrounding communities with TSP levels having exceeded the pri-
mary TSP standard by a factor of 2. Power plant emissions will add to
this ambient background pollutants, thus further aggravating the TSP
pollutant problem.
Health and safety impacts resulting from this air pollution and r
from the mining, processing and transportation of coal were estimated
from data and information contained in the Brookhaven National'Labora—. y
tory's '"Handbook for the Quantitation of Health Effects'. Sulfates and

TSP are the only two major pollutants for which we have adequate



<quant1tat1ve data on health impacts. - For this preliminary assessment

we estlmated .the effects of sulfates on mortallty rates. It was
assumed that ‘the power plant will be sited so that the population w1th1n
ten kllometers from the plant will be small and hence the effects of the
high concentrations of.TS? cloSe to the source can be neglected.

The areal,distribution of.annual-aVerége sulfate"concentration
levels'at gfound level has estimated7by using the air pollution model.
This was superimposed on a map of the reglon to estimate the population -

distribution exposed to each sulfate concentratlon level. The product

(mean sulfate concentration x populatlon at risk) coupled with a linear

dose response relationship provided an estimate of the mortality rate
associated with sulfate pollutants.  For the 800 MWe coal-fired powerw

plant sited in Tehama. County, the rate was estimated as 0.3 fatalities

vper year. It should be emphésized»that this‘figure has large uncertain-

ties assoc1ated with it, and at this stage should not be used for drawing
quantltatlve conclusions.

“The mining health effects and accidents were assumed to be
proport10na1 to the amount of coal mined, whereas transportatlon accidents
were assumed to be proportlonal to the trlp—mlles incurred. The expected
annual fatalltles for mining range from 1 to 4.8; while for transporta-
tion: the estlmate is. three fatalltles per year. Most of the transporta- 1
tion fatalities result from accidents between trains and motor vehicles |

occurring at rail-highway crossings.



2. REGIONAL ENERGY TRENDS

The State of California consunes more energy than is produced
indigenously. Historically, most of this energy has been prOV1ded by
fossil fuels--namely 0oil and natural gas. In-state supplies of these
resources are diminishing; in fact, California has not been 'self-
sufficient' in terms of energy supply demand balances of these two
fuels since the late 1940°s or early 1950's.

The supply-demand balance for the major energy types is presented
in Tables 2-1 through 2-5. Data for the years 1960, 1965, '1970, and
1975 are shown to illustrate the regional trends and shifts in fuel use.

Crude 0il supplies and product sales are shown in Table 2-1.

In state crude 0oil production peaked about 1969 , and Ca11forn1a is
presently experiencing declining on-shore production. In contrast,

demand for oil has continued to increase, although the growth rate has

_slowed in the last five years. The growth in consumptlon has occurred

in two main categories transportation fuels (which in 1975 accounted for

‘more than 25'pércént~of the total energy use in this state) and -in the

past five years, residual fuel o0il. The use of residual fuel o0il has

increased due mainly to‘the decline in availability of natural gas for

utility boiler fuel. Most utilities in the state expect that natural

" gas will be completely{unavailable'for electricity generation after 1980.

Natural gas supply and end use consumption trends are shown in
Table 2-2. The in-state production trend is similar to that of oil;
production peaked in 19685; and has declined since, to a level almost

50 percent lower. Canadian supplies have taken up part of this decrease,

‘with the remainder supplied by sources in the southwestern United States.

The total ;supply available to California dropped between 1970 and 1975.
As a consequence, industrial and electric utility consumption dropped ~ -
in 1975. Eléctric utilities are lowest on the prioity list for gas and
have begun to use residual fuel oil.

In 1960, the two major sources for electricalvenergy for California
were natural gas-fired generation and hydroelectric generation, as shown

in Table 2-3. Hydroelectricity increased over the fifteen-year period
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Table 2-1
California Petroleum Supply and Sales®
1960° 19657 1970° 1975°

Crude 0il Sources—in 106 barrels/yr, (1012 Btu/yr)

California 300 (1740) 313 (1814) 379 (2197) 296 (1717)

Other States 17 ( 97) 25 ( 144) 74 ( 432) 60 ( 348)

Foreign Imports 64 ( 373) 74 ( 428) 55 ( 322) 189 (1096)
Total 381 (2210) 412 (2386) 508 (2951) 545 (3161)
Oili§a1es——in71012 Btu/yr 7 B L -

“Gasoline N 752 7§34 7 1153 1244

Jet Fuel 137 275 411 351

Distillate 163 214 236 292

Residual 500 431 421 809

Other .« _411 _459 560 _ 336
Total 1963 2313 2781 3032

%The difference between the supply and sales is mainly due to refinery
and transport losses, and miscellaneous product imports and sales.

b
Ref. 1.

CRef. 2.
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Table 2-2
California Natural Gas S\_;pplya and Salesb

BT

1960 195 1970 1975

Source—Marketed Productlon—-ln 10 ft tiolz'Btu)‘

California 515 644 642 368°

Imports , K .
Canadian =~ 0 151 . 294 365d
Southwestern U.S. 838 1004 - ' 1262 llEgﬁ'

Total 1353 (1454) 1799 (1934) 2198 (2363) 1892 (1987)’

End Use—in 1012 Btu )
Residential . 394 526 594 . 664
Commercial a7 176 - . 226 208
Industrial 342 4120 615 ' 557
Electrical Generation 348 ‘ 530 684 295
Miscellaneous 264 : 278 ' 230 235

 Total | 1465 1922 2349 ,_1533*

'

Supply figures 'are from Ref. 3 for 1960, 19653 and 1970 periods and are'i
converted to energy content using 1075 Btu/ft (Ref. 1). ‘ .

End use data are from Ref 1 for 1960 1965 and 1970 and from Ref 2.
and Ref. 4 for 1975 i

CRef. 5; includes productlon from federal OCS land off Callfornla _
dkec 2. The conversion to Btu assumes 1050 Btu/ft (also from Ref. 2)

®This category includes production and processing use, transportatlon,
chemical feedstocks and other mlscellaneous uses

fThe slight mismatch of total supply and demand is due to. roundlng errors,L.
and to different data sources.
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Table 2-3
Electrical Energy Generation and Sales for California (109 kWh)

19602 19654 19702 1975
Generation
Hydroelectric 17.4 30.5 37.9 40.7
Natural Gas 31.7 51.6 67.4 27.3
Fuel 0il 14.6 10.4 13.0 48.3
Geothermal 0 0.3 0.6 3.2
Nuclear o 0.3 3.1 6.1
Total (in-state) = 63.7 - 93.1 122.0 125.6
Transfers ' - 1.9 9.3 23.8
Coal (out-of-state) - L= 3.7 10.7
Total Generation 63.7 95.0 135.0 160.1
Sales (end use)
Residential 19.8 23.0 34.6 43.5
Commercial v 14.0 30.0 48.3 40.9
Industrial 22.1 ©29.7 39.1 44.8
Other 0.3 0.4 1.1 16.2
Total SalesC 56.2 83.1 123.1 145.4

a'Dau:a from Ref. 1.
bData from Ref. 2.

“The difference between generation and sales is predominantly due
to transmi-sion losses.
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1960 through 1975, while natural gas use peaked in 1970, then declined
by nearly 60 percent in the last five.years. . As<we noted earlier, thie
decline has been made up pr1mar11y by re51dua1 fuel oil. " During thie‘
period both geothermal and nuclear power plants were constructed and .
placed in operation in California. However by 1962 it was ‘necessary
for California to import electrlcal energy and power from out-of- state
sources, primarily from the Bonneville Power Admlnlstratlon in ‘the’
Pacific Northwest. By 1970, imported electrical energy accounted for
10 percent of the supply, most of which came from Bonneville Power
Administration, (shown as 'Transfers' in Table 2{3) and. the remainder
from coal-fired facilities partially owned by two Southern Californie
utilities. In 1975, the fraction of 1mported electrlcal energy was

22 percent of the total supply . : (

Electr1c1ty consumptlon 1ncreased about 7.5! to 8 percent per year
from 1960 to 1970 and at a growth rate about half that between 1970
and 1975. The largest growth in- consumptlon occurred in the commerclal
dector. These end-use data are also shown in Table 2-3.

Two other fuels contrlbute to California energy supply, L1qu1f1ed
Petroleum Gas (LPG) and Coal, -as shown in Table 2_4., LPG productlon,and ,
consumption has grown about 3 perceut per year, aithough for 1975 the
supply level shown may be an'underestimate,fsince:refineryvproductiqn;of .
LPG apparently has not been included. Coal supply has been rearly" ‘
constant for the past 15 years. The coal imported into California has
been‘mainly high Btu, low sulfur metallurgical grade coal for coking use
in steel making.6 More recently, there has been some coal used as fuel
_for'cemeht making. Another source, not shown in the tables is wood,
which between 1960 and 1970 (the*iast year for which we have data) pro-
duced between 15 and 18 x21012 Btu per year.l |

Total primary energy supply to California is summarized in Table 2-5.
Petroleum and natural gas predominéte during the past fifteen years. »
Electrical energy conversion has increased its consumption of fossil fuels
during this time period. <California has grown increasingly relient upon
imported energy. In 1960 63 percent of the total energy.suppiy came from
in-state Tesources. By 1975 this'had'dropped to 42 percent.

The historical data on energy supply and demand for California
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Table 2-4 . .

Miscellaneous Energy Sources and Uses

1960 1965 1970 1975
a T a ‘ b
LPG—Supply 42 49 66 - 69
LPG—-—Usesa
Residential, Commercial 18 - 24 25 c
Industrial | - 1 7 c
Transportation _' 4 3 3 c
Miscellaneous 15 21 31 c
_7 L q - - — e _ P
Coal~—Supply . 52 57 56 55
Coal—Uses The predominant use %s coking coal
for steel production.”’" Since 1970,
a small amount has been used for fuel
in cement plants.
Ref. 1 for 1960, 1965, 1970.
bRef. 2.

“Data incomplete.
dRef. 6.

Lawrence Berkeley Laboratory estimate based on past trend and
an evaluation of end-uses,
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. L Table 2-5., 5o
_Primary Energy Supply ‘to Ca11forn1a (10 _Btu)

. Co “'1960~~=, Y1965 -7 01970 700 T 19

Petroloum 2210 2386 "‘2951, a6l

Y Newmallas o lse 1o ST
Hydroeleetrféa;\"}: ’v _'. . -L | .n.f~» ST
mestate 0 aze 0 sos  Usiet Yy
Transferé'” B S 0o : 19; f ,..;,93‘ .

Nuclea_ra o ‘P: . 0 o 3 “t:31 A 61
LPG, oA 9 es 6

Coal . ) . o
Non-electric f:b._ o 52~¢"j”2w 57
Electrlc Gen. B vl o Oif,‘

Total P,.‘ , 3032 »Pta“ 4?§éb;ﬁ

Resonree Use- - |
Total In-state \t 2468 2814 3272 %
Percent In- state o 63 R ,59 r by i 55 e

Percent Natural Gas 377 41 - .40f
Percent. Petroleum ' 56 50 T 49

“
L rse

42
T42

¢

) 32 " -
tézr‘ N .

Converted to prlmary energy equlvalent using 10, 000 Btu/kWh
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rely upon two main sourCes.l’z However; one should note that other
sources we have consulted do not agree prec1se1y in some of the details.
We have attempted to resolve some of these dlfferences, as shown by the
values in our tables. For 1975, there are also differences between
values listed here and those that appear in the $ection on scenarios.
Again, part of the disagreement is due to different accounting assump-
tions in the various data sources. In this section we have converted
non-fossil fuel sources of electrical energy into fossil-fuel equivalent
energy inputs, using 10,000 Btu per kWh. Arguébly, this conversion may
be misleading, since it understates the thermal‘requirements for geo-
thermal production of electrical energy (15 percent efficient) and over-
states the thermal equivalent of stored water (90 percent efficient). We
point these problems out as caveats to the reader. |
We have not endeavored here to show projeéfibhs of future energy
supply and demand. Refexehce_s contains a synopsis of oil, nafural gas,
uranium and thorium reserves and expected depletions. Neither oil nor
gas supplies in California are expected to show major production increases,
hence continued dependence on imports of these.fuéls is likely for the
near future. Large quantities of Alaskan oil are expected to.be avail-
able on the West Coast by 1978. Although the ultimate transportation
route and disposition of this oil are unclear, part of this oil may bel

used to offset the in-state supply deficit.
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3. SCENARIOS

Scenarios for California were disaggregatéd from the four Pacific
Region scenarios developed by Brookha?en thionél'Laborathy.' The
Pacific Region includes the states of Alaska, Hawaii, Washington, Orégdn’
and California. These scenarios form a part of the scenarios developed"
by BNL for each census region in the U.S. Each scenario includes detailed
demand and supply figures for 1975, 1985, 2000 and 2020 for five major
sources of energy: 1) coal; 2) nafural gas; 3) pétroleum' 4) electricity
and 5) solar and gedthermal The supply scenarios for the Pacific Reglon '
were designed to meet the demand prOJected by detailed categories in |
the demand scenarios. A second set of scenarios based’ in 'part on the
results in this report will be formulated at a later date.

Since the main objective of the NCUA is‘t6=ana1yze!impatts due’ to
implementation of the various supply options, especially coal, only
the supply scenarios for the Pacific Region have*been diSaggregated to
California. Analysis of scenarios for Alaska, Oregon; Hawaii and

Washlngton was conducted at Pac1f1c Northwest Laboratory, Ri¢hland,

‘Washington.

Four California Energy Supply Scenarios were constructed to
reflect a set of alternative fuel mixes for energy supply'to California.
The total energy supplled to California remains relatlvely unchanged
among each of the four scenarios as does the quantlty of- energy availa-
ble from electricity, petroleum, natural gas, solar and geothermal
sources; howéver, each scenario emphasiZeS a ‘different amount of coal
use. The first scenario assumes that reéént'trends in’energy_develbp—
ment will continue to dominate over the fqreseeable future (to 2000);
that is, there will be very little in-state coal use for California.

The second and third scenarios emphaSize>developﬁént of coal conversion
to liquid and gaseous fuels and coal-fired eleétfiéity'generation,
respectively, both in and out of state. The highest use of coal occurs
in the fourth scenario where both coal-firédﬂe1e¢tricity generation and

coal conversion to synthetic fuels is' emphasized.
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Projections for these scenarios were developed for each of the
three years 1975, 1985 and 2000. A similar set of figures for 2020
will be forthcoming at a later date. In all four scenarios coal use in
California is restricted to electricity generation and for process and
industrial heating. Conversion of coal to synthetic fuels is not
assumed to occur in California.

Our choice of growth rates or of energy supply projections for
each of the three years was constrained by the energy projections made
by Brookhaven National Laboratory in their Pacific Region Scenarios and
by the projections made by PNL for the Pacific Northwest. Within these
constraints and lacking a sophisticated model for projecting growth
rateé and fuel mixes, we resorted to a judgmental projection of the
electricity supply growth rate. Growth rates for other forms of energy
supply were determined by subtracting the PNL projéctionS»from the BNL
Pacific Scenario pro;ectlons

Electricity supply until 1985 in each scenario grows at 3.6
percent per annum. This rate may be compared with the 3.4 percent per
annum growth in electricity demand forecasted until 1995 by the CERCDC.
Electricity growth rate figures between 1985 and 2000 are far more
uncertain. It is generally expected that California's population growth
rate will continue to decline over the next few decades. Electricity
supply growth would therefore be expected to decrease between 1985 and
2000 unless electricity were used to substitute for other forms of
energy or the per capita consumption were to increase for other reasons.
We assumed that electricity supply between 1985 and 2000 would grow
at 2.2 percent per annum.

The electricity supply fuel mix and the consequent power plant
schedules generally follow the utility siting proposals as submitted to
the CERCDC,1 but at our assumed slower growth rates (see Tables 3.1 through 3.4).
The major exception is the degree of coal utilizatfon in each scenario.
To enable a broad assessment of impacts due to coal utilization we
assumed a relatively broad range for the coal-fired electric capacity to
be located in California. By the year 2000 this ranges from one power
plant in the 1) recent trends and 2) accelerated synfuels scenario, to

eight power plants in the 3) high coal-electric and 4) high'coal—electric
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Table 3.1

Electr1c1ty Supply A
(1015 Btu) ... .1
2 Scendrios
1) Recent Trends ., 2) Accelerated Synfuels

1975b . 1085, . 2000
Coal ‘ .036% .036%+.018 © .055%+.018
0il: Conventional o .165 © Bl U306

Turbines o : .»004 , .011

Gas , .093 0.0 0.0
Nuclear - .021 ' ':143A,H'»‘f..'.34f
Geothermal ‘ 014 ;630._' .062
Solar : .0 nods%“' - .02
Hydro® E 219 5§ Y 315
Pumped Storage ' 009 .012
Subtotal o .548 769 - 1.061
Less Pump Losses o _:::_ ‘ Z7003 -.005
Electricity Generated ) .548 L Tes 1.056
Distribution Losses: | ; -=.052 C ﬁiOSS: =078
TOTAL SUPPLY/DEMAND . 496 . .71 978

aDesignates out-of-state coal capacity'loéated'in the moUntain states
(Los Alamos Sc1ent1f1c Laboratory study reglon)

Quarterly Fuel and Energy Summary, Vol. 1, No. 4 Fourth Quarter 1975
Ca11forn1a Energy Resources Conservatlon and Development Comm1551on

Includes interstate transfers from the-Pa01f1c Northwest.

sl
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Table 3.2

Electric Capacity
(MWe)

Scenarios: (1) Recent Trends: (2) Accelerated Synfuels

Type of Plant Cgiiziiy 1975 . 1985 2000
Coal .75 22762 2276%+800  3120%+800
0il: Conventional .6 13635 21694 - 19194

Turbines 1 1083 1416 3750

Combined Cycle .6 24 1500 3500
Gas .6 7726 0 0
Nuclear 6 1379 8245 19545
Geothermal .7 502 1502 2978
Solar } 4 0 250 2000
Hydroelectric .5 7385 8518 9385
Pumped Storage .1 1055 3000 _4000.
In-state Total _ 32789 46925 | 65152
Out-of-state Total + 2276% + 2276° + 32672
TOTAL 35065 49201 68419

NOTE: Load factors were used to calculate capacity additions to exist-
ing 1975 capacity. ' : : - :

Capacity totals do not include hydroelectric capacity in Pacific
Northwest which supplies some electricity to California. ‘

Designates out-of-state coal capacity located in the mountain states
(Los Alamos Scientific Laboratory study region).

bFigures for 1975 are from Table 10, "Analysis of California Energy In-
dustry," J.A. Sathaye, et al., LBL 5928, January 1977.
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Table 3.3

Electr1c1ty Supply
(10 BTU)

SCENARIOS: (3), Hi Coal Eléctric v (4) Hi Coal Electric and
' ' o . v . Accelerated SynFuels

1975 1985 2000

Coal | | ~.036P .036P+.018  .144P + 095
Nuclear: _ : .021 143 .158 -

8The fuel mix for these scenarios is identical to that for the Re-
‘cent Trends scenario except for changes in the coal and nuclear
capacity projections.

bDe51gnates out-of-state coal capac1ty located in, the mountaln states
(Los Alamos Scientific Laboratory study reglon) :
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Table 3.4

Electric Cépacity
(MWe)

SCENARIOS:? (3) Hi Coal Electric  (4) Hi Coal Electric and
Accelerated SynFuels

Type of Plant Capacity . 1975 1985 2000
Factor
’ b b b
Coal .75 2276 2276 +800 4243 +6400
Nuclear .6 1379 8245 9045

NOTE: Load factors were used to calculate capacity additions to 1975
capacity.

%The fuel mix for these scenarios is the same as that in the Recent
Trends scenario except for changes in coal and nuclear capacity pro-
jections.

bDesignates out-of-state coal capacity located in mountain states
(Los Alamos Scientific Laboratory study region).
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and accelerated synfuel scenarios ~ The, 1ncrease An coal plants in
scenarios 3 and 4 is balanced by a decrease in nuclear plants in these
scenarios. The follow1ng paragraphs brlefly descrlbe the con51derat10ns
used in developing-the fuel mix.

Over the past few decades California has ma1nly re11ed on hydro—
electric and oil- and gas-fired power plants for. electr1c1ty supply
Most of the economical hydroelectric sites have already been developed
while development of -some of the major remalnlng.51tes.15 precluded by
the California Wild and Scenic Rivers Act. . Potenfial'fdf'future develop-
ment at most of these sites is therefore small. As a result hydroelectr1c
capacity in the scefiarios 1ncreases by only 2000 MWe Constructlon of
new conventional oil-fired power plants is not llkely due to the uncertain
nature of both fuel oil and natural gas suppl1es Use of natural gas is
already restricted and will be phased out by 1980. However,_to a limited
extent utilities do plan to construct combustion turbines and comblned
cycle power plants. These would use distillate oil as fuel. Com- -
bustion turbines would serve as peaking units while the more efficient
comblned cycle units would serve to meet 1ntermed1ate base loads. The
scenarios reflect these changes in scheduling of oil- fired units.

Vapor-dominated geothermal resources are currently utilized to
generate electricity to a limited extent ( 500 MWe). Future develop-
“ment of this resource along with hot water dom1nated geothermal resources
is under actlve investigation. Extensive development of hot water-dominated
sources in the Imperial Valley and the eastern Sierra could provide up to
15,000 MWe2 of power by 2020. Our scenarios include 3,000 MWe by the year
2000.

Nuclear energy, a potential major source of energy, still has all
the well-known problems of nuclear waste disposal, accident risk, safety
hazards, etc. The high side estimate for this resource in two of the
scenarios assumes that these problems can be surmounted and that nuclear
power can serve as an alternative to coal-fired generation.

The last resource category in the scenarios includes solar power
plants. A demonstration plant is presently authorized for development
in California by ERDA and several in-state utilities. Further development
of this resource is likely. The projections used in the scenarios are the

BNL figures for the Pacific Region.



-26-

Energy supply projections other than electricity, in thé scenarios
include projections of petroleum, natural gas, coal, and geothermal and
solar heating (see Tables 3.5 through 3.8). Figures for California fuel
supply for all of these scenarios were obtained by'subtracting the pro-
jections made By PNL for the rest of the Pacific states from the BNL
Pacific Region fuel supply figures. Petroleum supplies include the
expected supplies from Alaska. These scenarios also assume that part of
the Alaskan crude oil coming into California will be exported to other
states while refined petroleum from other states would be imported into
California. The scenarios assume increased supplies of gas from Alaska,
and from foreign countries, while phasing out Canadian supplies.
Accelerated synfuels scenarios also assume increased SNG supplies to’
California. Coal use for industrial and process heating is also assumed
to incfease more than two-fold by the year 2000. Solar and geothermal
heating is assumed to share an increasing fraction of space, water and-
process heating. | " .

Total natural gas supply figures for 1985 and 2000 in the Califor-
nia scenarios fall between the low-production and the medium-production

scenarios in Energy Alternatives for California: Paths for the Future

by the Rand Corporation,s whereas the refined oil figures fall between

the medium and high-use scenarios in the same report (pp. 36-38).
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Table 3.5
Total Petroleumlﬁupply to Callfornla _
e (10 Btu) S gt O T N
All, Scenarios -
, 1975% 1985 2000
Crude 0il Supply ., . B '
California Production 1.778 3.269, .. . 2.100  : .
Alaska - 0.255 .4.319 4,970
Imports - Foreign - 1.109 - "5-'294f;w o .379
Exports - Regional o - -3.674 - <3.093
Imports - Regional . 0.435 , 0y, 0
Refinery Inputs 3.577 | 4,356
Less Processing Energy Use -0.158 - .392
Refined Products 3.419 3.796 3.964
Exports - Regional . 0.533 o 0
Imports - Regional 0 ’ .414 ' 1.422"
Imports - Foreign o 0 ' 0 - -0
TOTAL SUPPLY/DEMAND » 2.886 " 4,210 © 5.386

a . '
Figures based on refinery data from Quarterly Fuel and Energy Sum-
mary, Vol. 1, No. 4, Fourth Quarter 1975, Tables, M,N,0 and P.
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Table 3.6
Geothermal and Solar Energy Supply (Non-electric)
(1015 Bew) -
~ All Scenarios
1975 1985 2000
Geothermal Industrial . .
Process Heat 0 .018 .099
Solar Residential '
Space Heat 0 .007 .099
“Water Heat 0 0 .045
Solar Commercial | ' | |
Space Heat 0 0 _ .049
Solar Industrial '
Process Heat 0 0 .120

TOTAL 0 .025 412




Table 3.7

Natural Gas Sﬁpply
(101> Btu)
19752 : 1985 ' ' 2000
(1)Recent Trends (2)Acc. Syn (1)Recent Trends (2)Acc.Syn _(4)Acc.Syn +
{3)Hi Coal Elec. (4)Acc. Syn + (3)Hi Coal Elec. ' Hi Coal
_ ‘ ' ~ Hi Coal Elec. : Elec.
Alaska _ 0 -.833 .835 1.112 1.114 vi.114
California Production . 378 .209 .209 157 .146 .152
Biomass 0 0 0 N
Canadian Imports .376 . 328 .328 0 - -0
LNG Imports 0 .260 .150 .865 ;150i .156
Total Gas-Unprocessed .754 . 1.630 1.522 2.134 1.410 1.422
vLe§SSZrocessing Energy -.165 ';lég_ -.142 -.191 =127 - .128
Total Gas Processed 653 1.480 1.380 1.943 1.283 1.294
Total Gas Available . 689 1.480 1.380 1.943 1.283 1.294
, Regionél Exports. i v -.106
'Regibnal Imports 1.196 ';fggg =552 ' .554 . _.543
" Total - ' 1.885 1.932 1.932 1.837 1.837 1.837
Demand 1.885 1.872 1.872 1.778 1.778 1.778
Pipeline Usage 060 .060 .059 059 059

aFiguresvare from Table 8, Analysis of California Energy Industry; J.A. Sathaye et al., LBL-5928, January, 1977.

—6Z_



Coal Demarid®

Table 3.8

(Non-Electric)

(10°Btuy
) 1985 2000
1975 Recent Trends/ Accel. Synfuels/ Recent Trends/ Accel.Syn-
Hi Coal Electric  Accel. Synfuels § Hi Coal Electric/ fuels

Coal Demand Hi Coal Electric Accel. Synfuels Hi Coal Electric
Residential 0 0 0 -
Commercial 0 0 0 0
Industrial .

Iron .043 .070 .070 .107 .107

Process Heat .008 .011 .011 -019 .017
TOTAL.. .081 .081 .126 .124

.051

2 Coal supply to meet the total demand for each year is assumed to come from other NCUA regions.

._OS_
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4. COAL TECHNOLOGY CHARACTERIZATION

In this section we discuss the characteristics of the coal—fired
power plants that may be dperating in California and the prbperties of .
the coal that may be burned in them. This work is based, in part, - on
data developed by the NCUA Technology Characterization work group.
‘Construction and operatibn requirements were taken from(the.Energy
Supply Planning Model (ESPM) developed by the Bechtel Corporation.1 Data
on residuals from facilities»which do not utilize coal are dérived

.3’4 These

from the MERES data basezland from reports by Teknekron, Inc
were augmented by data on specific facilities and residuals from a

variety of sources.

COAL CHARACTERISTICS _

The coal to be burned in California to generate electricity is
expected to come primarily from deep mines in Utah. - At least one
California utility has‘alfeady‘acquiréd thé righfs_to coal reserves
near Price, Utah. A second source is coal from New Mexico. Although
this coal is eof lower quality than Utah coal, it may be cheaper to
transport it to power plants in .the soﬁthern California desert. A
.third possibility is coal from southern Alaska. This would require
constructing a coal handling facility in the California Coastal Zone.
Regulatory constraints and trénsshipment costs make this possibility
less likely. | A

~ Coal from Utah can be shipped into northérn California aléng the

main line of the Western Pacifié and Southern Pacific Railroads and

into southern California along the Union Pacific and Santa Fe Railroads.
The distances involved are 500-600 miles. Since little else is shipped
between these origins and destinatiohs,“the coal will be transported‘on
unit trains. The volume of coal involved does'hot appear to be large
enough to make a coal slurry pipeline economically feasible. Another
factor that arguesCagainst the use of a pipeline is the scarcity df:
water in the mountain states. o ' ' _

' Utah coal is typically medium to high volatile bituminous, whereas

New Mexico coal is primarily sub-bituminous. An assessment of the coal
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reserve base for the southern Rocky Mountain region,5 wéighted by the

mean heat content of each type of coal, gives an average heat content

of 12,500 Btu/lb. This analysis also yields an average value of 9.1 "
percent for the ash content and 0.7 percent for the sulfur content for

coal in this region. These data are corroborated by a recent U.S. ; -
Geological Survey study of remaining identified coal resources from

which one obtains an average heat content of 12,000 Btu/lb where both

reserves and inferred resources have been included.6 For this preliminary
analysis we have chosen "typical' codal as having a heat content of 12,000

Btu/1b with 10 percent ash and one percent sulfur content.

COAL-FIRED POWER PLANTS

The first coal-fired power plants to operate in California will use
conventional combustion technology. The boiler will be of dry bottom
design using pulverized coal. Atmospheric fluidized bed (AFB) combustion
plants will come on-line in the 1990's. The conventional plants are
expected to be equipped.ﬁith flue gas desulfurization (scrubbers) to meet
the strict California air quality standards. We have assumed that both
types of plants will use wet cooling towers.

Our calculations of residuals and construction and operations require-
ments are based on an 800 MWe nominal facility operating at a capacity
factor of 75 percent, 802 emissions are calculated assuming 100 percent
of the sulfur. passes into the scrubber, which operates at 90 percent
removal efficiency. (For the AFB plants, we assume that 90 percent of
the sulfur will remain in the limestone bed.) A 99 percent efficiency for
particulate removal in conventional plants is used. This efficiency is
not known for AFB plants, so the recommended emission estimate of 0.1 1b/106
Btu is used. Since NOX reduction technol9gy is not commercially available,
we have assumed the conventional plants meet the EPA New Source Performance
Standards of 0.70 lb/106 Btu. NOxgemissions from fluidized bed power plants :
are expected to be lower than from conventional plants because they
operate at lower temperatures. We used a NOx emissions coefficient of .
0.48 1b/106 Btu for AFB power plants. Solid wastes from both types of

plants will be comprised of bottom ash, spent limestone and water treatment

i



-35-

.sludge. Out estimates of residuals from these nominal facilities are
presented in Table 4.1,

“'TOObtain data on costs, manpower and materials required for con-
structlon and operatlon of conventional coal- fired power plants, we
combined the data for two ESPM f30111t1es Qoal-Flrevaower'Plant Low-~
Btu and Sulfur Ox1de Removal. No similar breakdown of requirémeﬂts is
available for fluidized bed combustion. In fact, we were unable to
obtain overall cost estimates for an AFB power plant. To be economlcally
competitive, this cost should not differ substantially from the cost of
a conventional plant; however, a detailed cost breakdown wouid'show signi-
ficant differences. Beéause of the lack of data, for this ﬁreliminary |
analysis we used the same data for both types of power plants. The

construction and operation requirements are summarized in Table 4. 2.
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Table 4.1

. Atmospheric
vl Fluidized
Bed
Capacity (MwWe) 800 800
Capacity Factor (percent) 75 75
Heat Rate (Btu/kwh) 9500 9550
Efficiency 0.359 0.357
Energy Input (1012 Btu/yr) 50.0 50.2
Coal Input (10° tons/yr) 2.08 2.09
Heat Rejected (1012 Btu/yr) - 32 32.3
Water Evaporated (ac-ft/yr) 9650 9730
Make-up Water (ac-ft/yr) 10859 10930
SO2 Emission (103 tons/yr) 4.14 4.18
NOx Emission (10; tons/yr) 17.5% 12.0
Particulates (10” tons/yr) 1.76 2.5
Solid Waste (103 tons/yr) 600 450b

a Based on EPA New Source Performance Standards

‘Assuming no sorbent regeneration
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Table 4.2

Construction and Operating Requirements
for Coal-Fired Power Plants

Construction Manpower (man-years)

Technica1h>

Non—fechnical (non-manual)
Craftsmen.‘

Teamsters and Laborers

TOTAL

Construction Materials (103 tons)

Cement and Concrete
Iron and Steel
Pipe and Tubing

Petroleum Products

Construction Costs (106 dollars)

Materials
Equipment

Labor and Other
TOTAL

Operating Manpower (man-years)

Technical

Non-Technical (non-manual)
Craftsmen

Teamsters and Laborers
TOTAL

Operating Costs* (106 dollars)

Materials and Supplies
Equipment |
- Utilities

708
292
2662
348
4010

171.6
12.8
4.0
22.5

36.0
133.0
171.0
340.0

'35.0
16.0
112.0
32.0
195.0

2.83
1.44
3.19

* Does not include fuel and labor costs.
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5. ECONOMIC IMPACTS

INTRODUCTION

An analysis of the statewide economic impacts of increased coal
use in California based on the NCUA Recent Trends scenario has been
performed for theyearsl§76 to 2000. We have examined both the direct
and indirect impacts on employment and income due to construction and .
operation of power plants and other energy and tranSportation facilities.
Direct impacts include all impacts arising directly out of the construc-
tion and operation of any facility. Indirect impacts include impacts:
due to other activities required for the constructlon and’ operatlon of
that fac111ty For example, the manpower requ1red to construct a power
plant would be a direct requirement, whereas»the manpower required to .
make steel used in constructing the power plant would be an indirect
requirement. ' Q ' . -

The impacts were calculated u51ng two models developed at LBL.

The direct impacts come from the California Energy Supply Model (CESM)
which was derived from the Bechtel-NSF Energy Supply Plann1ng Model 1
The output of the CESM 1ncludes annual estlmates of the manpower and
materials needed to construct and operate each of the energy fac111t1es
called for by the scenarlo The direct materlals requlrements for
construction are converted into an 1ncremental f1na1 demand vector for
an 1nter1ndustry transactlons model of the Cal1forn1a economy._ ThlS-
input-output model is_uéed to estimate»indirect.changes in income in the
state. Based on these income changes:'the employment impacts are esti-
mated using employment coeff1c1ents developed at LBL. 2 VThe operating

schedule for energy fac111t1es produced by the CESM is used to calculate

‘the residuals associated w1th their operatlon These models are described

in more detail in Appendix A.
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RESULTS

In this section we examine the resource requirements called for
by the Recent Trends scenario. The results have been calculated on a
yearly basis and then aggregated to five-year intervals. They are pre-
sented for the five-year periods running from 1976 through 2000 in
Tables 5-1 to 5-4.. Requirements for the period after 2000 have not
been calculated because the scenario has not been specified past this
date. Capital and operating costs are expressed in constant 1974

dollars.*

Construction Requirements

Our results on capital requirements represent capital outlays
within California for constructing new facilities. The scenario
assumes that although California's need for energy will continue to
grow, albeit at’a diminishing rate of growth, a decreasing fraction
of the energy will come from in~state sources. In-state capital
requirements will therefore decrease over time. Furthermore, these
requirements show an irregular behavior since many of the energy
facilities are constructed in large, discrete units and are typically
built several years in anticipation of demand.

In this scenario construction of offshore o0il wells requires
major capital outlays over the first two five-year periods. There
are also expenditures during this time for importing oil and gas,
including LNG tankers, and expenditures for refineries and for a
coal-fired power plant. These facilities, plus the solar and nuclear

power plants that will be added at a constant rate, will satisfy

* It should be noted that the construction data include resources
required for engineering, design, procurement, construction and start-
up for each energy facility. There are other costs, mainly 'owners'
costs'" which are highly variable and difficult to estimate. These

are not included in our results. Owners' costs typically include
project feasibility studies, site evaluation, studies required for

site and project approval by government agencies, interest during con-
struction, and land costs. Owners' costs average 25 to 30 percent of
construction costs incurred by the builders for many major energy facili-
ties. They are higher for energy extraction facilities, onthe order of
40 to 60 percent.
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Table 5-1

Construction Costs
(millions of 1974 dollars)

ENERGY FACILITIES 1976-80 1981-85 1986-90 ~ 1991-95 1996-2000
Offshore o0il production 3612 2426 0 0 0
"Low gasoline refinery 430 396 0 0 0
Onshore o0il import 37 95 0 0 0.
LNG import 59 693 88 0 59
LWR fuel fabrication _ 37 11 . 0 0 0
Oil-fired power plant 142 0 0 0 0
Coal-fired power plant 7 333 0 0 .0
Combined cycle power plant 156 273 57 0o 24
Light water reactor 1633 1624 1523 1592 1628
Solar power plant - ' 0 520 624 - 624 598
Dam+hydroelectric power plant 269 271 22 239 252
Pumped storage - ' 287 189 72 - 414 189
Geothermal power complex 455 157 174 666 0
Total Energy Facilities 7124 6987 2559 3534 . - 2750

TRANSPORTATION FACILITIES .
0il tanker 1256 256 64 64 288

0il tank truck 35 " 36 23. - 38 - .38
Products pipeline 28 .- 31 16 0 ' 0
Hot oil pipeline - 28 : 23 13 0 0
Refined products bulk station 38 . 34 .18 7 2
Railroad . = 1 .39 .15 20 © 47
Coal” train - o -5 - 28 9 9 32
Gas distribution facilities 25 ' 5 0 0 S0
" LNG tanker 0 1400 © 200 - 300 200
230 KVAC transmission line 0 149 222 0 190
345 KVAC transmission line 0 0 : 0 - -0 0 -
500 KVAC tranmission line .0 0 188 0 188
Electricity distribution 2040 2456 - 2111 2282 2139
Conventional rail o .9 9 .5 9 9
‘Total Transportation 2475 4466 2884 © 2730 3124

TOTAL ' - 9599 11454 5443 - 6264 5884
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Table 5-2

Construction Manpower

(man-years)

ENERGY FACILITIES 1976-80 1981-85 1986-90 1991-95 1996-2000 '
Offshore oil production 16870 11303 0 0 0
Low gasoline refinery 6849 6388 0 0 0 r
Onshore o0il import 359 984 0 0 0
LNG import 645 8505 1215 0 645
LWR fuel fabrication 543 167 0 0 0
Oil-fired power plant 1877 0 0 0 0
Coal-fired power plant 50 3960 0 0 0
Combined cycle power plant 1690 2791 646 0 211
Light water reactor 21208 22427 20536 21704 22046
Solar power plant 0 2786 3344 3344 3204
Dam + hydroelectric power plant 4326 4054 381 3682 4157
Pumped storage 4272 2845 1008 6194 2845
Geothermal power complex 1944 635 777 2840 0
Total Energy Facilities 60633 66848 27907 37764 33108
TRANSPORTATION FACILITIES

0il tanker 0 0 0 0 0
0il tank truck 0 0 0 0 0
Products pipeline 286 329 165 0 0
Hot oil pipeline 251 191 110 0 0
Refined products bulk station 348 312 161 63 27
Railroad 133 474 189 239 580
Coal train 0 0 0 0 0
Gas distribution facilities 305 91 0 0 0
LNG tanker -0 0 0 0 0
230 KVAC transmission line 0 2073 2876 0 2531
345 KVAC transmission line 0 0 0 0 0
500 KVAC transmission line 0 0 2372 Q 2372
Electricity distribution 28355 34432 29333 32007 29830
Conventional rail 0 0 0 0 0
Total Transportation 29677 37903 35206 32308 35340
TOTAL 90311 104751 63113 70072 68447
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Table 5-3

*
Operating Costs
(millions of 1974 dollars)

ENERGY FACILITIES 1976-80 1981-85 1986-90 - 1991-95 1996-2000
Onshore oil production - 772 698" 631 572 556
" Offshore oil production 145 344 388 .. 327 . 245
Low gasoline refinery 3418 3819 4026 - 4073 4116
Onshore oil import - : 23 35 42 . 44 46
Onshore gas production 48 - 36 29 27 24
" LNG import 0 11 55 69 82
LWR fuel fabrication 0 35 48 : 48 48
O0il-fired power plant 260 262 253 - 238 . 231
Coal-fired power plant 0 -9 45 45 45
Combined cycle power plant 11 22 48 .51 51
Gas turbine power plant 11 11 11 11 11
Light water reactor 87 159 275 373 471
Solar power plant 0 28 334 661 .. 990
Dam+hydroelectric power plant 50 .55 . 58 . 59 .63
Pumped storage 4 8 9 11 .17
Geothermal power complex 14 27 30 , 40 -~ 55
- Total Energy Facilities 4843 5557 6282 6648 7051

TRANSPORTATION FACILITIES S |
Crude oil pipeline 22 20 17 16 16

0il tanker- 137 250 . 302 318 338
0il tank truck 99 113 121 126 - 129
Products pipeline 5 6 6 : 7 7
Hot o0il pipeline 21 21 20 19 19
Refined products bulk station 6 7 7 N 8
Rail line 1 2 4 -5 5
Coal train v 10 . 20 37 42 46
Gas pipeline 106 94 . 83 78 78
Gas distribution facilities 305 273 240 227 227
LNG tanker . 0 82 348 407 466
230 KVAC transmission line 1 -1 -1 2 2
500 KVAC tranmission line 1 1 1 S | 1
Electricity distribution 392 464 539 - 611 693
Conventional rail - : 23 23 23 23 23
. Total Transportation 1128 1376 1750 - 1889 2048

TOTAL o , 5971 6933 . 8032 8537 9098

*Excludes labor and power plant fuel costs.
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Table 5-4

Operating Manpower
{man-years)

ENERGY FACILITIES 1976-80 1981-85 1986-90 - 1991-95 1996-2000
Onshore o0il production 88960 80399 72707 65873 64017
Offshore oil production 6596 15687 17701 14935 11185
Low gasoline refinery 18930 21151 22295 22555 22795
Onshore o0il import 1140 1746 2075 2182 2289
Onshore gas production 14387 10672 8730 7968 7206
LNG import 0 117 605 766 908
LWR fuel fabrication 0 508 705 705 705
Oil-fired power plant 11339 11428 11056 10400 10077
Coal-fired power plant 0 195 975 975 975
Combined cycle power plant 238 476 1059 1133 1129
Gas turbine power plant 277 277 277 277 277
Light water reactor 1700 3090 5353 7258 9175
Solar power plant 0 0 0 0 0
Dam+hydroelectric power plant 2249 2476 2632 2680 2841
Pumped storage 192 372 417 477 740
Geothermal power complex 1601 3028 3366 4435 6179
Total Energy Facilities 147608 151622 . 149951 142617 140498
TRANSPORTATION FACILITIES

Crude oil pipeline 124 111 97 91 91
0il tanker 3557 6489 7846 8273 8770
0il tank truck 12358 14160 15226 15770 16167
Products pipeline 622 697 756 814 814
Hot o0il pipeline 1536 1545 1487 1453 1453
Refined products bulk station 1543 1762 1903 1989 2018
Rail line 69 183 423 492 562
Coal train 367 683 1292 1469 1618
Gas pipeline 996 886 775 731 731
Gas distribution facilities 42544 38192 33593 31720 31720
LNG tanker 0 1634 6899 8079 9259
230 KVAC transmission line 126 131 188 209 217
500 KVAC transmission line 94 94 113 141 141
Electricity distribution 34538 40885 47489 53789 60089
Conventional rail 802 797 800 797 797
Total Transportation 99277 108247 118884 125807 134447
TOTAL 246885 259869 268835 268424 274945
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California's. energy needs up to 2000. Thus this scenario shows large
capital fequirementé up to 1985 followed by a sharp drop between

1985 and 2000. We expect that delays in offshore oil production and -
improvedvspecificatiqn of facilities coming on-line after 2000 will
smooth out this distribution '

The major construction of coal-fired power plant and related
facilities occurs during 1981-85 (see Table 5-1). The capital cost
for these facilities is relatively small, amounting to roughly $4OO
million out of a total cost of $11 billion for all facilities. If
these costs are compared with the estimated $7S billion in Gross
Privatg Capital formation in California in 1974, we see that construct-
ing coal facilities wi11 have only a small direct effect on the State's

economy. . _
The construction manpower requirements are also at a high level

dufing»the first 10 years and then drop in the subsequent periods.

At first about 20,000 man-years per year will be needed to construct

the energy and transportation facilities, of which less than 900 man-

years are coal-rélatedj 'Since employment in the construction sector
has been averaging jusf oVerVSOO,OOO during the past decade, the impact
of constructing 'a coal-fired power plant on construction employment in

the state will be small,

Operation Requirements

The operating costs (excluding fuel and labor costs) for energy
and transportation facilities show a steady increase with time as the
energy demands increase. Major increases occur for operating nuélear
and solar -power plants and their associated transmission lines and for’
operating oil and LNG tankers. Offshore oil production peaks in the
1976-90 time period, whereas onshore production shows a steady decrease.
The. operating costs for the coal-fired power plant are less than one
percent of the statewide total for énergy facilities.

The operating manpower shows a somewhat different behavior. For
energy facilities the requirement stays constant at about 30,000 man-

years per year until 1990 and then drops off as oil production declines.
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For transportation facilities, on the other hand, there is a steady
increase in manpower required mainly due to increases in manpower for
electricity distribution. The net effect is a slight increase of 10
percent from less than 50,000 man-years per year during the 1976-80
period to 55,000 man-years per year during 1995-2000. Over this period
the manpower required for transporting and burning coal also increases

from about 75 to over 500 man-years per year.

Indirect Impacts

To provide a more complete assessment of the effects of construct-
ing new energy facilities on the California economy, we have used the
direct construction capital requirements calculated with the Energy
Supply Planning Model in an interindustry transactions model for the
state. By doing this we are able to estimate the indirect impacts of
construction expenditures on the various industrial sectors which make
up the California economy. We present the results for employment and
Gross State Product {GSP) aggregated to five-year intervals in Table 5-5.
The value-added figures shown in this table represent payments to the
various factors of production (wages, rents, interest and profits).

As such they provide a measure of the economic services rendered by
all factors of production in the economy of the state during that
period. The total value-added figure is thus a way of quantifving the
overall impact on economic activity in the state.

The indirect impacts generally show the same behavior as the
direct impacts. During the 1981-85 period, the total contribution to
GSP is about $1.7 billion per year and to employment is about 7,000
man-years per year. These represent about one percent of the GSP
and non-agricultural employment in California during 1974. Over the
twenty-five-year period up to 2000, the direct impacts become an
increasing fraction of the total impacts. The increase in the ratio of
direct to indirect impacts is a consequence of the fact that a larger
fraction of the construction costs will be spend for direct labor rather
than for materials which incorporate indirect labor. This indicates a

shift away from capital-intensive to more labpr-intensive energy facilities.
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: v Table 5-5
Direct and Indirect Impacts on Employment and Value Added

' <‘ - 197'6—80 .‘]\,9:81—‘85 - .1986-90 »1-.991'-95 |

Direct - .

indirect
TOTAL

Percent Direct

Direct
Indirect
TOTAL

Percent Direct

b

Value Added (10°® 1974 $)-

11996-2000
2444 - 3840 2072 2323 12305
4523 4729 2044 2403 2169
6964 . 8569 4116 4726 4474,
35% 455% 50% 49% 52%
' Employment (mén—years)
1976-80 1981-85  1986-90  1991-95  1996-2000
90,000 105,000 = 63,000 70,000 68,000
239,000 250,000 109,000 127,000 116,000
329,000 355,000 172,000 197,000 184,000
27% . 37% 37%

L 30%

36%
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6. RESIDUALS

In this section we present and discuss the pollutant emissions
(residuals) that will be discharged to the environment'for the Recent
Trends scenario. Included in these results are land requlrements for
energy facilities The health and safety impacts are discussed in a
separate section.v While we estimate the emissions from_plants 1n_Callfof-
nia needed to produce and distribute fuel and electricity, ‘we do not
estimate the emissions;associated with the end USes of this energy.

The calculation of residuals starts with. the operating scheduie of
facilities produced by the California Energy Supply Model. The operation
of this model is described in Appendix A. This schedule contains the
numbers of each type of facility that are operating annually in Calif-
ornia for the period 1975 to 2000. These are multiplied,by a set of
residual coefficients for each type of facility to give the residualé
emitted. The residual coeffioients for the coal-fire& power-plants'ére

discussed in the section of technology characterization. For other

facilities the coefficients are derived primarily from the Matrix of

Env1ronmental Re51duals for Energy Systems1 and from reports by -

Teknekron. 2’3 A more complete dlSCUSSlOH of the methodology for residuals -
calculatlon may be found in Ref 4. v R

The re51duals generated by the coal-fired power . plant in our
scenario are shown in Table 6-1. - The plant will be equipped w1th lime-
stone scrubbers for flue gas desulfurization and with wet towers for cool-
ing. It is assumed to operate at a constant Eapecity factor of 75 percent
so these residuais.stey constant from 1985 to 2020. The water pollutants
are mainly due to b011er blowdown, whereas the solid waste is comprlsed
of bottom ash and- spent llmestone from the scrubbers.

Although the- amount of coal burned for generatlng electr1c1ty stays
‘constant, there w111 be ‘an 1ncrease in the use of coal for other industrial
purposes. This results -in an increase in re51duals due to the transporta-
tion of coal by unit or conventional train.

The residuals for'all.energy and transportation facilities within
the state are shown in Table 6-2. In Table 6q3we_compare the amounts of

air pollutants emitted by the coal-fired power plant and the trains used
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Residuals from Coal-Fired Power Plants

SCENARIC 1 - RECENT TRENDS
REGION 11 CALIFORNIA

ANNUAL SUMMARY OF RESIDUALS
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Table 6-2
Residuals from All Energy and Energy Transportation Facilities
NATIONAL CQAL UTILIZATION ASSESSMENT SCENARID 1 - RECENT TRENDS
ENERGY FACILITY 936 TOTAL OF ALL FACILITIES REGION 11 CALIFORNIA
ANNUAL SUMMARY OF RESIDUALS
1975 1580 1985 1996 1995 2000

WATER POLLUTICON )
ACIDS TONS 1.17E+03 1.23E+03 1.27E+03 1,28E+03 1.24E+03 1.27E+03
BASES - TONS 0. 6. 7.12E4056 1.G9E+01 1.45E+01 1.83E+0]
FHOSPHATES o TONS 6.02E+02 6.33E402 6.58E+02 6.64E+62 6.41E+62 6.5TE+G2
NITRATES TONS 5. 0. . 3.55E+G1 3.55E+Gl 3.55E+G1 3.55E401
CTHER DISSCLVED SOLIDS TONS 5.00E+03 5.27E+G3 6.13E+03 5.95E+03 5.72E+03 5.74E+03
TOTAL DISSOLVED SOLICS TONS © 1.2TE+05 1.55E+05 1.96E+05 2.21E+G5 2.41E+05 2.62E+05
SUSPENDED S@LIDS TONS _ 9.41E+063 1.01E+04 1.06E+04 1.GTE+04 1.05E+04 1.07E+04
NON-DEGRADABLE QRGANICS . TONS  * 2.26E403 4.45E+03 6.62E+03 6.42E+D3 6.14E+53 5.73E+03
BIOLOGICAL OXYGEN DEMAND TONS: 2.39E+03 2.7GE+03 3.00E+03 3.04E+03 3.07E+G2 3.10E+03
CHEMICAL CXYGEN CEMAND TONS 1.44E+04 1.63E+04 1.81E+04 1.83E+64 1.86E+G4 1.87E+GH
THERMAL BTUS 5.55E+13 "1.39E+14 3.16E+14 4.59E+14 5.99E+14 7.46E+14
TOTAL SOLIDS+ORGANICS TONS 1.21E+05 1.38E+05 1.57E+05 1.58E+05 1.59E+65 1.60E+05
AQUEQUS AMMONIA © TONS 2.09E+03 2.36E+03 2.63E+03 2.66E+03 2.7GE+G3 2.72E+03
AIR POLLUTION ‘
PARTICULATES =~ TENS 4.24E+04 4_63E+04 5.26E+04 5.49E+04 5.36E+04 .5.45E+04
OXI1DES OF NITROGEN . TONS 2.94E+05 "~ 3.GTE+05 3.28E+05 3.23E+05 3.14E+05 3.15E+05
SULFUR OXIDES . TONS 4.27E+05 4 _4BE+C5 4.56E+05 4.39E+05 4.18E+G5 4.19E+05
HYDROCARBONS TONS 4.59E+05 4.18E+05 3.65E+05 3.58E+05 3.91E+065 3.T6E+05
CARBON MONOXIDE TONS 8.34E+03 9.12E+03 1.05E+64 1.I15E+04 1.18E+G4 1.2GE+04
CARBON DIQXIDE TONS 2.52E+05 S5.91E+05 4.64E+06 4 T4E+GE 5.3BE+06 ~5.38E+06
ALDEHYDES, ETC. TONS 1.6TE+G4 1.84E+G4 2.G1E+04 2.01E+04 2.01E+04 2.G3E+04
TOTAL AIR POLLUTANTS . TONS 1.46E+06 1.43E+06 1.4GE+G& 1.34E+06 1.28E+06 1.27E+06
HYDROGEN SULFIDE TONS 1.84E+G4 4_32E+0% 5.51E+04 6.24E+64 1.09E+05 1.09E+05
AMMONTA TONS 3.31E+04 6.83E+04 8.5TE+GY4 9.59E+04 1.6GE+05  1.61E+05
BCRON .-~ TONS 4.TCE+03 4.93E+03 5.12E+63 5.15E+03 4.97E+03 5.09E+03
PHOSPHOROUS PENTOXIDE TONS 0. G. . 5. 5. 5. 0.
FLYORIDES TONS 9. c. 2.09E+06 2.09E+06 2.09E+06 - 2.09E+G0
LAND AND SOLID WASTE - : :
SOLID WASTE' - TONS 2.59E+05 2.81E+05 8.99E+65 8.95E+05 . 8.9GE+05 8.92E+05

T.TS5E+G6 B.99E+Ce 1.10E+G7 1.22E+07 1.40E+07  1.53E407

LAND ) o ACRES

_‘[S_



Table 6-2

Residuals from All Energy and Energy Transportation Facilities (cont.)

NATIONAL COAL UTILTZATION ASSESSMENT SCENARID 1 ~ RECENT TRENDS
ENERGY FACILITY 96 TOTAL QF ALL FACILITIES . REGION 11 CALIFCORNIA

ANNUAL SUMMARY OF RESIDUALS
1975 1980 1985 199¢ 1995 2000

RABIOLOGICAL

RADIATION POPULATION EXPOSURE MAN-REM 0. [ [ G. G. G.
SOLIC HIGH LEVEL WASTE CUuBIC FEET O. 0. 5. 0. 0. 0.
TRITIUM EMISSION CURIES 2.48E+01 5. 44E+C1 1.48E+402 2.16E+062 2.82E+G2 3.52€+02
KRYPTON EMISSION CURIES 5.79E+03 1.5CE+04 3.46E+04 S .C4E+54 6.59E+04 ~ 8 21FE+0%4
RADON-222 CURIES 0. 0. G. G. S. 0.
THORIUM-23C ATRBORNE CURIES 0. C. 0. G. G. 0.
TRANSURANIC ELEMENTS CURIES 0. 0. 0. G. G. 0.
RADIUM-226 AIRBORNE CURIES G. 0. G. G. G. 0.
URANIUM AND DAUGHTERS AIRBORNECURIES S. G. 9.24E~04 9.24E-C4 9.24E-C4 9 24E-04
ICDINE-13 CURJIES 1.32E-02 3.44E-02 7.92E-02 1.15E-01 1.51E-G1 1.88E-0C1
MISC AIRBORNE FISSION PRODUCTSCURIES [ 0. G. G. G. G.
NOBLE GASES CURIES 0. G. 0. G. G. [
RACIUM-226 IN LIQUIDS CURIES S. 0. G. G. G. G.
URANIUM AND DAUGHTERS LIQUIDS CURIES 0. 0. 9.54E~G2 9.54E-G2 9.54E-902 9.54€E-02
RUTHENIUM-106 CURIES 0. 0. 0. g. G. G.
THORIUM-234 CURTES G. C. G. G. 0. 0.
MISC FISSION PRODUCTS LIQUIDS CURIES 4.14E+00 1.0TE+01 2.47E+01 3.6CGE+51 4.7GE+G] 5.86E+0C1
SOLID LOW LEVEL WASTE CUBIC FEET O. 0. 4.7TTE-G2 4.7T7E-C2 4.TTE-G2 4.T77E-02
SOLIC HIGH LEVEL WASTE CURTES G. G. 0. G. G. [
SOLID LOW LEVEL WASTE CURIES G. 0. G. G. G. 0.
THQRIUM 23G IN SOLIBS CURIES 0. G. 0. G. G. G.
THORIUM IN SOLIOBS CURIES 0. 0. 0. G. G. G.
URANTUM ANC DAUGHTERS SCLIDS CURIES G. G. 4.04E-G1 4.C4E-G1 4.04E-G1 4.04E-C1
PLUTCNIUM IN SCLIDS CURIES 5. J. G. G. G. C.
rRABIuUm 226 IN SOLIDS CURIES 0. G. G. G. G. 0.
PLUTCONIUM IN LIQUIBS CURIES g. G. 0. 0. G. G.
THORIUM 23C IN LIQUIDS CURIES 0. G. G. C. G. G.
TRITIUM IN LIQUIDS CURIES 3.72E+G62 9.66E+02 2.23E+03 2.249E+03 4.23E+03 5.28E+G3
PLUTONIUM - AIRBORNE CURIES C. G. G. G. G. G.
CARBON 14 -~ AJRBORNE CURIES 4_96E+0C 1.29E+01 2.97E+01 4.32E+01 5.64E+01 T.04E+G1
ACTINIDES IN S5COLIDS CURIES G. G. G. G. G. - 0.
ACTINIDES IN LIQUIDS CURIES G. o. G. G. 0. G.
ACTINIDES - AIRBORNE CURIES 0. G. 0. G. [ G.
LIQUID MEDIUM LEVEL WASTES GALLUTNS G. G. G. G. G. G.
LIQUID LOW LEVEL WASTES GALLCNS G. G. G. G. 0. . 0.
MmisC FISSION PRODUCTS IN SOLIDCURIES G, G. 0. G. G. [
KRYPTON 85 STORED CURIES C. G. G. G. G. 0.
FISSION PRODUCTS IN FUEL RODS CURIES 1.12E+08 2.90E+08 6.68E+08 9.73E+G8 1.27E+09 1.58E+09

_ZS_
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Table 6-3

Air Pollutants from Coal-Related Facilities
Recent Trends Scenario
(in tons per year)

1985 -
. Oxides of  Oxides of
Particulates Nitrogen Sulfur
Coal-fired power plant 1,760 17,500 4,140
Coal unit train 1,470 110 100
Conventional train 500 40 - 30
Total coal-related 3,730 17,650 4,270. -
Total statewide energy and energy 52,600 328,000 456,000
transportation facilities
Percent coal-related* 7% 5% 1%
2000
Coal-fired power plant 1,760 17,500 4,140
Coal unit train 1,990 155 130
Conventional train 780 60 50
Total coal-related _ 4,530 17,700 4,320
" Total statewide energy and energy 54,500 315,000 419,000
transportation facilities - :
Percent coal-related* - 8% 6% 1%

* This represents the fractions of statewide air pollutants from energy-

related facilities that are attributable to coal.
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to transport coal with the statewide emissions from energy and trans-
portation facilities. We see that the coal-related emissions amount

to about seven per cent of the total particulates from these facilities,
five per cent of the NOx‘and one per cent of the SO2 during the period
1985 to 2000.
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7. REGULATORY ASPECTS OF SITING

INTRODUCTION

':By most accounts California will need additional electric genera-
ting power plants for the foreseeable future. Traditionally the utilitieé
in Califérnia have relied upon natural gas and hydroelectricity to meet
the increased electricity demand. * While these will continue to play a
role in electric generation, large future additione of tnese plants are
not likely. As one of the alternatives California utilities are plann1ng
to build coal-fired power plants. Presently coal's advantage to the
utilities is its abundance in nearby states. It is also consistent with
national security because it is invulnerable to foreign interruption and
control. '

These benefits are not without costs. While allffueIS'pro-

"duce wastes that are harmful to the environment, COél's major endanSe'
impact is air pollution In addition it shares the problemS'of land use
and water requirement which are 1nherent in steam-electric generation.

At present, California has no coal f1red plants,and their use may a
pose additional problems for the regulatory agencies in California. (
Although the regulation of power plants involves both’ state and federal
agencies this discussion is limited to the state agencies which will shape.
the utilization of coal in California to the extent'permitted by federal
regulation. . o ' '

The principal state agencies are the Energy Resource Conservation
and Development Commission (ERCDC), the Coastal Commission, the State Air
Resources Board (ARB) and local air pollution control districts (APCD),
the State Water Resources Control Board (SWRCB), the California Public
Utilities Commission (CPUC) and the State Lands Commission (SLC).

THE 'ENERGY RESOURCE CONSERVATION AND DEVELOPMENT COMMISSION

The . key to power plant S1t1ng in California rests with the Energy
Resource Conservation and Development Comm1ss1on (ERCDC), hereafter

referred to as the Comm1551on
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The passage of the Warren-Alquist Energy Act in 1974 established
the Commission and charged it with a wide range of responsibilities such
as forecasting electricity demands, approving sites for thermal power plants,
research and development of alternative energy sources, developing con-
servation measures and developing an emergency allocation program. The
Commission has the "exclusive power to certify all sites" and such a
certificate is "in lieu of any permit, certificate or similar document
required by any state, local or regional agency or federal agency to the
extent permitted by law."1

This contrasts with the former practice in which a multitude of
local and state agencies held hearings and each issued permits according
to its own objectives. The issuance of the Commission's certificate
involves a two-stage, three-year procedure.

The first stage begins with the utility's submission of a Notice
of Intent (NOI). The 18-month NOI process allows for public notice and
participation and ascertains the need for a generic-type plant and its
environmental impacts for several alternative sites. If the NOI is
approved, the utility can file an Application fér Certification (AFC),
which ascertains how well a specific plant design situated on a particular
site will conform to the appfopriate standards. Only the approval of

the AFC authorizes plant construction and operation.

The Notice of Intent (NOI) Process

The purpose of the NOI is '"primarily to determine the suitability
of the proposed site'" and to determine '"the general conformity'" of the
proposal to the standards and forecast of the electricity demand of the
Commission. The Commission will follow a detailed procedure in order to
gather evidence necessary to determine suitability and general conformity.2
A series of public hearings are conducted on the proposal which must in-
clude three alternative sites, at least one of which is not on the coast.
Various local, regional, state and federal agencies and the general public
are invited to comment on all aspects of the proposal. The maximum time

allowed by law for each of these activities is shown in Table 7.1.

The Commission's decision to approve the NOI will be based on a
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Table 7.1
Notice of Intent (NOI) Timetable.

Time to decide NOI; based on Final Report and
all the above proceedlngs :

Maximum Total
* Length - Elapsed
for Event Event ‘Time

(days) (days) -

0 NOI submitted; includes design, economic,
env1ronmental features and need '
30 . Adequacy test Commission Judges complete— 30
ness of the NOI '
190 Time before public hearing on NOI 120
90 Length of public héafings on- NOI 210
90 Time before Preliminary Report is issued; _300
includes conformity with forecast, applic-
able laws, relative merit of each site,
safety and reliability
60 Time for comments on Preliminary Report 360
60 Time before Final Report issued; includes 420
conformity with forecast, existing laws, -
Coastal Commission findings, acceptability -
and relative merit of each site, any modi-
flcatlons ordered by Commission
60 End of hearings on Final Report (to commence 480
within 30 days of the report and last no '
longer than 30 days - total of 60 days)
60 540
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Final Report, which is the culmination of hearings, comments, reports and
independent Commission investigations. It must include a determination
of the conformity of the proposed sites with the Commission's 10-year
forecast of electrical energy demand, existing local and state laws and
regulations, the standards of the Commission, and the '"acceptability and >
relative merit'" of each proposed site.3 _
The Warren-Alquist Act gives the Commission considerable discretion
in approving the NOI. The threshold level of 'general conformity" is
undefined and left to the Commission to determine (case by case). At one
extreme there may be proposals that conform to all existing laws and
regulations of each govermment agency. In this case the Commission would.
function merely as a medium to consolidate the approval process without
the need for controversial policy choices. At the other extreme, a
proposal could violate most of the existing laws and regulations. Such
obvious non-conformity would probably result in its disapproval.
However, most proposals will lie between the two extremes and the
Commission will decide controversial public policy questions under
criteria of general conformity. The criteria have not been explicitly
defined and will probably evolve on a case-by-case basis.
While the criteria for general conformity are unclear, the pro-
posal must be measured against the following conditions: the 10-year
forecast, current laws and regulations, and the Commission's standards.
An additional condition for siting in the coastal zone is the finding
of the Coastal Commission. (The Coastal zone is generally anything
within 1000 yards inland of the mean high tide line.) These are the
minimum indexes that a proposal must comply with; the Commission may
develop additional criteria.
The 10-year forecast refers to the planning and forecasting role
of the Commission. Beginning on January 1, 1977, the Commission will
publish a "comprehensive' report every two years containing a 10-year
forecast of electrical energy demand. This forecast is ''the basis for .
planning and certification of facilities ..." In the Commission's

judgment the forecast will balance the needs for growth, the public

a

health and safety, the preservation of the environment, maintaining a

sound economy and conserving energy. This balancing requirement is
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. subject to conSiderable discretion since it is based_on'many uncertain-
'tles v | , d :
- ; While the forecast has been adopted, it is not clear_how it will
be used to judge the need for a plant Some say that the needvfor a
plant is demonstrated so long as the latest 10-year forecast shows: that
add1t10na1 supply capability - 1s»needed> - The forecast it is argued, is
the result of conservatlon measures that will reduce the demand Others
‘argue that the 10-year forecast is only a rough. gu1de and that conserva-
tlon technlques should be evaluated as a substitute for part of the
supply. Slnce a plant has not yet been sited under the Warren -Alquist
‘Act, the manner in which the 10- -year forecast will be used is unclear,

The next.condition is the degree of conformity with eXisting loca1;
-regional, state and'federal laws and regulations, the Commission's
standards and the report of the Coastal Commission. The leglslatlve
intent is to 1ncorporate the existing objectives and concerns of govern-
mental agenc1es in a single process and leave the Judgment of sufficient
"conformance' to the Commission. While the concept of a tradeoff between
-the need for plant and conflicting public agency obJectlves seems 1mp11c1t
in the dec151on of. conformlty, the leglslatlon has offered only vague
,guldellnes The degree of non- -conformance with ex1st1ng laws and the
relatlve 1mportance of different kinds of laws are undefined.

Be51des conformlty wlqlregulatlons promulgated by other agenc1es,
the proposal must be measured agalnst the ''standards adopted by the
Commission." These standards are designed to safeguard the pub11cvhea1th
“and safety - Except for water and airfquality, they may be différent from
the ex1st1ng standards to the extent permitted by federal law.® Thus
the Commission must measure the proposal against the existing air and
. water quaiity'regulations but may adopt different land use,'safety and
wenV1ronmenta1 regulatlons To date the Commission has ‘not adopted its
own standards but is u51ng existing ones. The staff counsel indicated
that if dlfferent standards were. adopted it would be done.on a case-by-
case basis.6 While the Commission is precluded from independently setting
air quality standards, the existing air quaiityiregulations are in‘a' ;
state of flux. ' ‘ »

The final criteria are the acceptability and the relative merit of:

-each site. The law requires utilities to submit three alternative sites
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as a backup to the primary site.7 If certification of the primary site
is denied, the other sites would be evaluated as possible substitutes.8
While the relative merit will be based on site-specific character-
istics such as health and safety, a finding of "acceptability" is a
matter of the Commission's judgment. While the findings will be based
in part on how well the plant conforms to existing laws and regulations
and the Commission's standards, it is possible that an "acceptable' site
may not be in strict conformity with the provisions of state law or local
ordinances or plans. The Commission can order any modifications in
design, location and construction that will meet its standards and

policies as a condition of approval.

If the Commission determines that the proposal adequately meets the
above conditions, it may approve the NOI as long as two alternative sites
are acceptable. The Commission may certify only one site if it finds
the applicant made a good faith effort. Further, if none of the pro-
posed sites are acceptable and the applicant made a good faith effort,
then the Commission will designate a '"feasible site" if the utility so
requests.9 Finally, no coastal site may be approved unless it has

greater merit than the alternative sites.

The Application for Certification (AFC) Process

The purpose of the AFC is to authorize construction and operation
of power plants. But it is difficult to draw a sharp distinction between
the NOI and the AFC. It seems that the NOI and the AFC stages will be
eventually be considered as one process; thus, the utility proposals
will be measured against the same criteria in the AFC process as in the
NOI. The AFC will merely take a second look at the whole project; however,
this interpretation is controversial. The utilities believe the NOI's
purpose is to determine site suitability and the AFC's purpose is to
determine the plant type suitability. The Commission will probably look
closely at all the details of the plant during both the NOI and AFC
stages. .

In contrast to the NOI procedure, the AFC process is less clear;
yet the approval of the AFC is necessary to build and operate the plant.



-63-

By the law the AFC starts with a utility proposal‘for a plant based‘on
one of the sites approved in the NOI proceedings. The utility is required
to submit detailed plans concerning all aspects of the plant. The law
requires an Environmental Impact Report (EIR) to be completed within one
yéar from the date of the applicant's submission.  The Comﬁissibn is the
lead agency for preparing the EIR and plans call for drafts to be circu-
latéd to interested agencieé}lo _ .

The Commission is required to reconsider the épproval of the NOI
in light of "current conditions and other reasonable and feasihle
alternates' to the proposal. Within 180 days it wili decide the
"acceptability' of a sité which it has previously apﬁroved. Thus‘the
Commission can stop the plant within the first six months of the AFC if
conditions have changed.11 If the site is reconsidered and found acceptt
able, the process continues. The Commission holds further hearings and
issues a decision within 18 months from the start of the'AFcbor'at'a
later time if both the Commission and the utility agree. The tentative
timetable is shown in Table 7.2. |

The decision is based‘on the same NOI criteria; the cdnformity to
the 10-year forecast,»confbfmity,to.existing laws,."applicable" air and
water standards, the Commission standards, and the provisions that will
meet the Coastal Commission's report for coastal sites.

But strict conformity is not required. For some coastal sites the
Commission may waive thé'recommendations of the Coastal Commission if
they would "result in greater adverse effect on the environment' or
"'would not be feasible." Generally, if a proposal is in non-conformance
with any laws or regulations, the Commission will meet with the appro-
priate agency to correct or eliminate the non-conformance. If the non-
conformance cannot be corrected, then the proposéd facility cannot be
built unless the Commission finds that the facility is needed for the
"pﬁblic interest and necessity'" and that there are 'no more prudent.hnd
feasible means'" of achieving the public convenience. This is the so-
called overrule clause, PRC 25525. Thus the Commission can approve a
site which is innon-conformance with existing iaws if it makes a-
determination pursuant to 25525. The conditions for which 25525 would

apply have not been determined.
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Table 7.2

Application for Certification (AFC) Timetable

Maximum Total
Length Elapsed
for Event Event Time
(days) (days)
0 Utility submits AFC based on 0
an approved NOI :
30 Commission judges adequacy 30
of data submitted with AFC
variable Hearings 180

180 Reconsideration of the NOI 180
on which application is
based. Application can be
terminated in light of "cur-
rent conditions' and ''feasi-
ble alternatives."

365 Environmental Impact Report 365
Decision on AFC; if approved, 540 max.
construction may begin from day of

submission;

may be extended
if Commission
and utility
agree.
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The authority to overrule existing laws does not apply to federal
laws and regulétiOns. While this point ‘seems unambiguous, it is unclear
if other state and local air pollution control agencies are endowed with

-federal power. This uncertainty affects the relationship between the
Commission and the Air Resources Board and local Air Pollution Control
District (APCD). Since there has not yet been a complete siting under
the Warren-Alquist Act, it is unclear if the existing regulatory
agencies will insist on issuing their permits or will be satisfied to .
merely participate in the Commission's proceedings.

On the city and couhty level, it seems clear that traditional land
use concerns will be evaluated in a statewide energy context. The local
governments cénvno longer regulate or prohibit power plant construction.

12 wThere can be little doubt that the

According to the Attorney'General:
specific statement of legislative interest to establish exclusive Energy
Commission3jurisdictidn‘over the thermal power plant-approval process,
accompanied by such an extensive scheme of evaluation and regulation,
amounts to complete state occupation of the entire field of thermal power
plant site and facility approval ..." Further, “:.. the Legislature in-
tends the Energy Commission to give great weight to the comments, opinions,
‘ordinances,and standards of local governments‘..."'and ",.. are not to be
ignored or to be given secondary consideration ...'" Indeed, if ﬁhere is

a conflict between a proposed plant and local regulation, the plant cannot
be built unless the Commission determines that there are no more ''prudent
and feasible.meéns" and that the public convenience and necéssity require.
the plant.’ ' ‘

But according to the Attorney General, '"... Once the Energy Commis-:
sion determines that the public convenience and necessity require the
facility be constructed as determined'by the Commission and on the site
selected by the Commission, the certificate issued by the Commission
overrides the objections of the Cbunty government ..." and '"... shall
supersede ahy applicable statute, ordinance or regulation_of any state,

local or regional agency in conflict therewith."*

Local and state agencies which own or control parks, wilderness, -scenic, -
natural and wildlife reserves, or recreation or historic preservation
areas retain veto power over siting in these areas. '
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Assuming local governments abide by this opinion, the degree to
which their concerns are complied with in the siting of power plants
will depend upon the Commission's willingness to invoke the ''no more
prudent and feasible test.'" If the Commission is unwilling to invoke
the overrule clause, except for the most extraordinary circumstances,
local agencies will retain a large measure of de facto regulatory power.
However, the Commission retains the authority to overrule them based on
its own determination, subject only to limited judicial review.

In contrast to local governments, several state agencies either
retain limited concurrent authority with the Commission or have an
unclear and potentially conflicting basis of authority. These include
the Coastal Commission, local and state air pollution control authorities,
the State Water Resources Control Board (SWRCB), the State Lands Commis-
sion (SLC) and the California Public Utility Commission (CPUC), Although
this 1list is not exhaustive, it contains the state agencies which have

the potential for jurisdictional conflicts with the Energy Commission.

THE COASTAL COMMISSION

The people of California have determined that the coast is a
"distinct and valuable resource of vital and enduring interest to all
the people and exists as a delicately balanced ecosystem.'" Such a
sentiment is the rationale for the California Coastal Act of 1976. While
the Act states that the permanent protection of the coast is of para-
mount concern to all Americans and that it is necessary to protect it
from destruction, the Act also states that power plants may have to be
sited on the coast.13

The intent of legislature was to establish a mechanism, the Coastal
Commission, that would evaluate the tradeoff between the needs of
industry for abundant ocean waters with the needs of people for recrea-
tion. The Coastal Commission Es charged with preserving the coast as
well as with accounting for the social and economic needs of the people
regarding coastal resource utilization. To this end the Coastal Commis-
sion has the authority to retain its permit authority in designated areas

of the coastal zone. A designation of such areas will be made by
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January 1, 1978, and updated every two years. Withih}these areas the
Energy Commission may not authorize a site unless; '

1. The Coaétal Commission finds that such uge is not incon-

sistent with the primary uses of the land;

2. There will be no substantial adverse environmental effects; and

3. Approval of the public agency having ownership is obtained.
Thus the Coastal Commission could allowjor disallow siting in the desig-
nated aréas'based’on its judgment of the compatibility of the land us-e.14

For proposed sites that are not so designated but are in the coastal

zone, the Coastal'Commission will comment extensively during the NOI

proceedings and their comments will become part of the basis for the

Commission's decision. But the Commission's approval for the NOI is |

not strictly bound by the concerns of the Coastal Commission. In con-.

traét,-fhe decision on the AFC must be based on thé Hégree to which the
proposalyméets the Coastal Cqmmission’s detailed recommendations on the
desfgn and operation of the plant which'help to reduce harmful or unde-
sirable aspects. Thus‘ii'has substantial power to shape the specific
characteristics of the plént-—which éould incidéntally result in greater
operatioh or construction costs. However, the Energy Commission need
noplfollow these recommendations if (they) 'would result in greater
advérSe effect on the eﬁviroﬁmént” or "would hot be feasible."15

The word "feasible' itself is not defined in the Enérgy Act; it is
thus subject to differing interpretations and subsequently a potential
source of éontroversy and litigation. Subject to judicial review, the
determination of feasibility rests with the Energy Commission and in-
herent in that determination is the power to authorize coastal sites that
have not been designated by the Coastal Commission. However, the Coastal
Commiséion_may designate and reserve more coastal area through its two-

year updates. If aggressively pursued, this policy would progressiveiy

~erode the Eﬁergy Commission's exclusive authority to site plants on the

coast.
The issue is important because utilities need water for cooling '

and ocean water is more efficient than inland water due to its lower

‘temperature. Also, the availability of fresh inland water is severely

limited, which adds to the pressure to site on the coast. If the Coastal

Commission pursues an aggressive policy and determines that many or most of the
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ocean sites are unsuitable, the Energy Commission will face an added con-

straint in certifying plants for coastal sites.

THE AIR RESOURCES BOARD AND THE AIR POLLUTION CONTROL DISTRICT -

The air quality control regulations are a serious limitation on the
location of power plants. The setting of standards and their enforcement
are exercised by a mix of federal, state and local agencies. The primary
agency for the setting of standards and their enforcement under state law is
the local Air Pollution Control District (APCD). There are 47 APCD's in
California which roughly follow county boundaries.

_ The APCD's are overseen by the State Air Resources Board (ARB) in

Sacramento. The ARB has the power to intervene in local APCD's if state
or federal laws are being violated. The Environmental Protection‘'Agency
(EPA) sets federal standards and promulgates regulations that the states
must follow and enforces these rules until states submit a suitable plan.

The utility enters this triad by applying to the local APCD for two
permits. The authority to construct (A/C) ensures that the utility's
plant is designed to conform to the APCD's air rules, and the permit to
operate (P/0) is designed to ensure compliance with those rules after the
plant is built.

The power of the APCD to prohibit plants that did not meet its
rules was upheld in 1972. The California Supreme Court held that under
California law the APCD had concurrent authority with the Public Utility
Commission, which was the agency responsible for regulating power plants.

Since then the responsibilities of the APCD and especially the ARB
have been broadened by amendments to the Clean Air Act and EPA regula-
tions. The Act has been interpreted by the Supreme Court and EPA to
mandate a two-front attack on air pollution. The first is to improve
areas that do not meet federal ambient air quality standards, and the -
second is to prevent the cleaner areas from getting dirtier. Under
federal law the states can adopt more stringent regulations than the .
federal regulations. The ARB is pushing for tougher emission standards
by requiring a reduction in the amount of allowable pollutants and by

including more emissions as pollutants. The result of state and federal
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legislation and litigation has been the ésfablishment of several separate
programs. .There are state emission rules addpfed_and enforced by the
APCD'S. When these rules are stricter than thg.federal emission rules,
called New Source Performance Standards (NSPS), the EPA allows the local
regulations-to supplant the federal rules, ThevNeW‘Soﬁrce Review pro-
gram is intended to prevent the construction of plants whose operafion
would result in the violation of ambient air quality Standards.or'their
continued Violation. In some areas the EPA is enforcing thi5>regulation
while in other areas APCD's are. The Prevention of Slgnlflcant Deterior-
ation program is be1ng ‘administered by the EPA. 17 -
- The ARB-proposed Air Conservation Plan 1ncorporates the separate
- programs into an integrated one. The Plan would not only meet federal
" minimums: but go substantially beyond them.lg,'
' The effect of this complex state of regulations is to constrain
- greatly the siting of coal-fired plants. If the Commission must adopt
ARB rules, then there mayvbejfew, if any, coal plants in California. This:
~would place a bﬁrden on other fuels which have safety and environmental
liabilities of their own. ' ' '
The Commission does not concede that the ARB rules must apply. In
the 1977'Biennia1 Report, the Commission said;19 " .

Facilities subject to the Commission's certification
authority may have to comply with standards promulgated
by.state and local air pollution agencies; whether they
must is a complex question of law which is currently
unresolved.

This conclusion rests on the uncertainty-over whether the ARB and-fhe APCD
are carrying out federal regulations. If they~are; then the Energy
'Commission must abide By them; if not, the Commission has-mofe flexibility.
It is clear that the standards that the Commission must adopt are -
those_of the ARB/APCD. Section 25216.3(a) explicitly étates thét the
Commission may adbpt different public health and safety standardsvexcept
for air and water quality. Yet facilities may not’ have to comﬁly with
these .standards if the Cdmmission "determines that such facility is
needed for the public convenience and necessity and that there are not
more prudent and feasible means of achieviﬁg such public convenience and
necessity" (PRC 25525). Thus if the ARB rules are not federal regula-
tions and the two conditions specified in 25525 are met, the Commission

could overrule existing air quality standards.
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The crucial question then is whether the ARB/APCD rules have the
force of federal regulations. The difficulty of establishing a definitive
answer stems from the nature of the Clean Air Act itself, The primary
responsibility for air pollution control is up to the states; yet they
must follow federal regulations. If they don't, the EPA will enforce
its own rules. But states can set more stringent rules., Thus, when
the ARB proposes standards for the APCD's that are more stringent than
either federal minimums or current APCD rules, the EPA finds the proposals
satisfactory from the Clean Air Act perspective.

The crux of the problem is whether such EPA approval gives the
rules the force of federal regulations. According the the EPA regula-
tions an approved plan is enforceable by either the EPA or state and
local agencies and the approved plan becomes the plan mandated by the
Clean Air Act. The inference is that if the EPA approves more stringent
state rules, then they are endowed with federal authority. The counter
arguments claim that the EPA will delegate its authority only to those
agencies which have legally enforceable procedures for enforcement. If
this means that the APCD must have authority under California statutes
to enforce federal regulations, then the ARB/APCD's will not be able to
accept responsibility for EPA regulations.

If the APCD cannot enforce the New Source Review, the EPA has
indicated that it will make a distinction between administration and
enforcement. The APCD will determine whether the plants conform to the
rules. Enforcing these rules would be left to the EPA. Thus if the
Energy Commission were to overrute the APCD decision, the EPA would
intervene. "The Administrator of the EPA will carry out any required
enforcement actions in cases where the State does not have adequate
legal authority to initiate such actions.’” This provision raises two
questions: when is inadequate legal authority established and what kind
of actions will EPA take?20

A possible scenario would find the Energy Commission authorizing
a plant over the objections of the APCD/ARB. The courts would find
such action lawful if the Commission meets the ''necessity'" and '"prudent
and feasible'" tests. Assuming the court was satisfied that these tests

were met, the only remaining question is whether the rules have federal
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_power. The EPA would claim that they did, thereby reaffirming the
authority of the APCD's. This would place de facto power in the ARB/APCD's
to prohibit plant construction. ' v
However, things are further complicated because ARB/APCD rules.
are mbre étringent than ‘the EPA's. - The quéstion is whether the EPA can
and will enforce rules stricter than its own. At the minimum, it seems
clear that‘the Energy Commission will have to abide by:ahy regulations =
that are enforceable by the EPA. Since the Energy Act preclude$ the
Commission from conflicting with federal law or regulatidn, the question
turns -on whether the EPA can endow the APCD's with federaligﬁthority in
the absence of a'state law allowing them to exercise federal regulatiohs.
In the face of this uncertainty and complexity, both'thefCommiséion
and the ARB are conducting discussions in an attempt to reach an under-.
standing. If agreement is reached, it is not known'whether.it-will»bé
formal or informal. So far the Energy Commission has informally indicated
it will accommodate the ARB's concerns, but this could change at any

moment. -, o ' L N

THE,S'I;ATE -WATER RESOURCES CONTROL BOARD

The jurisdictional conflict between the Energy Commission andfthe
State Water Resources Control Board (SWRCB) could'turn on the need for
water. Electric generation produces waste heat, and water is used to
cool the plant. All other thihgs being equal, the utilities would pfef
fer to use fresh water or ocean water for the once-through coollng 4
method. This method takes water from natural sources to cool the plant‘
and ‘then dlscharges the heated water back to a natural source. While
thlS technique is well known, great quantltles of water are needed and
the heated dlscharge poses a threat to aquatic organisms. N '
| 'The SWRCB's responsibility is to make the most'beneflcial'ﬁse of
water fésourées:and to ensure water quality, including discharges of
heated water. The Board's authoriiy for making water available is based
on state law while water quality regulations are based on both staté and

federal law:
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The Board disfavors the use of freshwater for cooling purposes
due to the present unavailability of water in some basins and the pro-
jection of general shortages by year 2000. It established a priority
of sources for plant cooling:21

1. waste water being discharged into the ocean,

2. ocean water,

3. brackish water from natural or irrigation returns,

4. inland water with low Total Dissolved Solids (TDS), and

5. other inland water.
In addition, the Board will approve the use of fresh inland water only
when use of other water sources would be environmentally unsound.

The heated water discharge requirements adopted by the Board in
May, 1972, call for severe limits on the discharge of water of elevated
temperature. This requirement precludes once-through cooling for inland
sites.2

The Board favors the coastal siting of power plants because ocean
water is abundant and the heated discharge is felt to cause less environ-
mental damage. Yet there are constraints on coastal locations. Besides
the earthquake hazards, the coast falls under the partial control of the
Coastal Commission. The Coastal Commission's mandate is to preserve the
coast and added specific criteria must be met in order to site on the
coast. The Energy Commission is faced with contradictory policies. If
it approves coastal locations because water is available, it may run into
sites where the added concerns of the Coastal Commission cannot be met.
If it approves inland locations, the utility may not be able.to find
enough water or to meet the discharge requirements.

The Commission will not be able to authorize a site where the dis-
charge would not meet the thermal requirements. It is clear that the
applicable water quality standards are those of the SWRCB. It is also
clear that the ability to overrule those standards, under 25525, is pre-
cluded because these are in pursuance to the Federal Water Pollution
Control Act of 1972. However, the availability of water and the most
beneficial use are state issues. »

The Commission could interpret the supremacy clause and.the over-

rule clause 25525 as giving them the power to order SWRCB to find water
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for a utility. Whether the supremacy clause is meant to giye the Com=-
mission such power has not been settled. At the minimum, it would be -

necessary for extraordinary conditions. to exist for such a confrontation.

" -There would have ‘to be a pressing need for the plant, no other sites

could be available and no alternative means could be found.
Thus far they have viewed the utility as responsible for finding

water. The Commission will judge the reliability of water supply and
how well it cbnforms to the existing laws and regulations. The Commissiqn
found the use of freshwater for a power plant ''unacceptable andvunreasoh-

able" 1n 11ght of the testimony of state and local agenc1es The Commis-
sion called for further study of the costs of using waste water because
""waste water from municipal treatment plants represents a presently

available and technically feasible source of coolant.”Z;

THE PUBLIC UTILITY COMMISSION

Prior to the Energy Act the Public Utility Com@isSion (PUC) ~was ‘the
prime state agency which regulated power plants. A privatély—owﬁed
utility needed a Certificate of Public Convenience and Necessity from the
PUC before construction could commence. The PUC's authofity-and working'
relationship with the Energy Commission is uncertain. It is clear that
" the PUC's certificate cannot be issued before the Energy Commission'has
issued its permit' (Sec. 25518). However, a utility may-applyzconcurrently'
to the PUC and the Energy Commission. Thé'quesfion afises whether a PUC
permit is needed at all. : | S

The Energy Act suggests that the PUC permit may be necessary
Section 25505 states that the Energy Comm1551on shall transm1t a copy of
the NOI to the PUC "for sites and related facilities requiring a Certifi-
cate of Public Convenience and‘Necéssity ..." The Energy Act recognizes
that some facilities may need a PUC permit. If so, when is a permit™
needed and what discretion does the PUC have to refuse iSsuance’

The California Public Utilities Code still requires pr1vate1y-
owned utilities to receive a certlflcate from the PUC. The Energy Act
did not specifically amend the Public Utll;ty que._ The legal opinion bf
the PUC is that a certificate is still required of utilities and that the
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PUC could refuse such a certificate. If so, it is unclear on what basis
the PUC could refuse issuance. The effect this would have on the Energy
Commission's siting process could be important.

The issue may not be crucial since the PUC believes 'such a refusal
seems most unlikely assuming that the Energy Commission's approval ... is

reasonable and in the public interest.”24

THE STATE LANDS COMMISSION

The State Lands Commission (SLC), made up of the State Controller,
the Lieutenant Governor and the Director of Finance, manages over four
million acres of state-owned public land. Most of this is coastal, marsh
or estuaries, but there are some scattered inland holdings. It has gen-
eral authority to issue leases for the use of the state land. The SLC
can specify conditions of the lease in order to meet the California
Environmental Quality Act. A public hearing is held on the request and
the process usually takes three months.

The Energy Act states that the Energy Commission has the exclusive
authority to site and it may mean that a SLC permit is hot needed. But
according to a March 14, 1975 memorandum by Assistant Attorney General
Jay Shavelson, which is still the currenmtopinion, the SLC still must
issue a permit.25 However, their discretionary authority is limited to
proprietary considerations such as rental fees. Presumably this means
that SLC will merely accept the Energy Commission's EIR and issue the
lease. Whether the SLC will abide by this interpretation remains to be
seen. As long as the EIR is ''reasonable" the SLC has indicated it would

probably issue the 1ease.26

CONCLUSION

While the Energy Act has gone far to consolidate the process for
siting power plants in one procedure, it has not resulted in a one-step
permit process. One-step implies that a single agency will grant the
one permit that is necessary and sufficient to construct and operate a

power plant.
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The Energy Act explicitly recognizes that federal agencies_will
issue permits according to their own procedures. The Energy Act requires
tﬁe utilities to submit with the AFC a list of the.%ederalragencies from
which approval is needed and a time table for obtaining the authorization.
The attempt is to incorporate the procedures of the federal agencies into
the three-year Energy procedure and to minimize délay. But the fe&eral
agencies will approve or disapprove according to their federal authority

and responsibilities. The Commission has no formal power over such

.‘agencies.

Perhaps a more accurate formulation of the Commission's role is a
consolidation of all state and local concerns in one procedure with.the
sole determination left to the Energy Commission. The local city and
county governments fall under this formulation but significant exceptions
exist. The Coastal Commission will reserve areas of the coast for con-
current permit authority with the Energy Commission. The ARB/APCD's may’
still have authority to withhold or iésue their permits to construct and
permits to operate. The SWRCB will grant water appropriafionsvrights'
according to its own priorities. vThevSfate Lands Commission may still be
required to issue a permit for the use of state lénds, and the PUC will
still issue its permit. | ‘ |

However, the Energy Act has given a clear focus to the siting
procedure and greatly reduces or eliminates the discretidnary authority
of the state and local actors. The relationship between the Energy
Commission and the other state agencies will rest mainly upon the atti-
tudes of the individual Commissioners. The Commission could assume a
passive role and allow the existing laws and regulations of local and
state agencies determine the location, type and number of power plants.
As long as the Commission's forecast showed the need for more electric
generation, the utilities would face the same regulatory actors after
the Energy Act as they did before it. The only difference is that the
actors would regulate in one procedure administered by the Commission.
The Commission could interprét the overrule clause (25525) as requiring

extraordinary and exceptional conditions before it would authorize a

plant that did not conform to existing. laws and regulations.
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On the other hand, the Commission could become an advocate for the

utilities. The Commission could interpret the words 'prudent" and
"necessary' in such a way that many utility proposals would meet the
criteria. This could give the Commission and hence the utilities the
power to ignore the objections and concerns of other state and local
agencies.

It is doubtful that the Commission could move very far in either
direction. The Energy Act mandates the Commission to certify enough
sites to meet their demand forecast but at the same time the Commission
must séék to reduce waste and to decrease demand.28 Only time and circum-
stances will show how the Commission meets these complementary objec-

tives.
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8. FACILITY SITING .

The siting analysis for the National Coal Utilizafion‘Assessment
(NCUA) requires the selection of most probable locations for power
plants for four scenarios for the years 1985 and 2000 for Callfornla
Siting energy facilities in California, especially coal-fired electricity-
generating facilities, presents a complex problem due to a unique combiné-
tion of environmental elements, political attitudes and-institutional‘
policies. For example, the siting process for "energy fécilities"f is
primarily governed by the Energy Resources Conservation and Development
Commission (ERCDC) as instituted under the Warren-Alquist Act of 1974.
The ERCDCadministersthe three-year, two-stage procedure of the Notice
of Intent (NOI) and the Application for Certification'(AFC).

In addition to ERCDC, the California Coastal Commission (Coastal
Comm1551on) has authority over coastal power plant 31t1ng The problemi
of possible conflicting jurisdiction between these two agencieé has not
yet been fully resolved. As of now no single power»plant has cpmpleted
the three-year procedure and those. proposed sites‘currently under con-
sideration do not involve coastal 51tes The Coastal Comm1551on land
use crlterla may tend to favor 1n1and 51t1ng of power plants and
proposals for coastal power plant sites w111 be con51dered on a case—
by-case basis. So the relatlonshlp of these two agencies has not yet
been fully established. . (See section 7 for a fuller d1scu551on of thlS
situétion.) TQ further illustrate this, the physical environment of o
California which offers many scenic andkrecreation Qpportunities alsg
‘constrains power plah; siting (i.e., in severe earthquake zones and
mountainous areas). The tradeoff between preservafion of biological
and environmental resources and power plant siting is particularly
complex and one which has only been'considefed in a preliminéry

fashion in this siting analysis.

*"Facility' means any electric transmission line or thermal power plant,
or both electric transmission line and thermal power plant. "Thermal
power plant' means any stationary.or floating electrical generating
facility using any source of thermal energy, with a generating capacity
of 50 megawatts or more and any appurtenant -facilities.
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LOCATIONS OF EXISTING ELECTRICAL GENERATING PLANTS

In California there are five investor-owned electricdl utilities,
eight publicly-owned utilities, and eleven public agencies that produce
electricity which they consume and sell to other utilities. The location
of the electricity-generating facilities in 1976, which totals 242 units,
is shown in Figure 8-1. The breakdown among these plants is:

Total Installed Capacity

Type Number of Units (in megawatts)
Hydroelectric 172 8438
Nuclear 3 1534
Fossil Fuel 61 24201
Geothermal 6 561
Total 242 : 34734

The pattern of location shows several distinct clusters. First, the
hydroelectric plants are clustered in the Sierra Nevada mountain range
in the eastern part of the state from Plumas County down to Tulare and
Inyo counties. 1In addition, there is another cluster in Shasta County.
The geothermal plants are necessarily constrained to the region where
the geothermal source exists; they are clustered in northeastern Sonoma
county. The major concentrations of fossil fuel energy facilities are
in metropolitan areas, including the San Francisco Bay area, the Los
Angeles area and the San Diego metropolitan area. Southern Imperial
County has a cluster of small electricity-generating plants. Finally,
the three sites with operating nuclear power plants are scattered
throughout the state, with one each in Humboldt County, Sacramento
County and San Diego County. A fourth site with nuclear units nearing
completion is located on the coast in San Luis Obispo County.

The present pattern of energy facility siting is not likely to
continue for several reasons. First, the concentration of power
plants in metropolitan areas is not likely to increase due to air
quality problems and health and safety effects from the proximity to
population concentrations, especially for nuclear power plants. Second,
the number of potential sites for additional hydroelectric development
has decreased as most of the usable sites have already been developed.
It is estimated, however, that hydroelectric output could be expanded
by approximately 30 percent (DWR Bulletin 194), although the environ-

mental impacts of doing so have yet to be considered. Third, the
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predominanée of coastal sitingisnot likely to be reinforced due to the
CoastafCommissionpolicies designed to help conserve coastal resources.
Thus a shift in the siting pattern of energy facilities is likely to
occur over the next decade with the central portion of the state and
the southeastern desert area receiving increased attention as power

plant siting areas.

SITING METHODOLOGY

The siting analysis has been conducted utilizing an exclusionary
siting methodology in which areas of California were eliminated from
consideration as potential power plant sites on the basis of selected
criteria. The exclusionary criteria are:

1) air quality maintenance areas (AQMAS)

2) zone III earthquake intensity areas

3) areas with significant biological resources

4) wurbanized areas as defined in the 1970 census and projected
urbanized areas of 1990

5) prime agricultural lands and agricultural preserves

6) coastal areas '

7) special state and federal lands
While the exclusionary criteria eliminated substantial portions of
California, secbndary criteria were necessary to evaluate the remaining
areas. These secondary criteria were of two types. First, avoidance
criteria refer to those features or alternatives which would not neces-
sarily prevent power plant construction but which nevertheless repre-
sent some additional problem or added costs. For example, flood-prone
areas were avoided although power plants can be designed to withstand
floods. Second, certain opportﬁﬁities exist which make some areas
more desirabie for power plant sites, such as proximity to rail trans-
portation or transmission lines. These are referred to as opportunity
criteria. These criteria, both exclusionary and secondary, are listed
in Table 8-1.

These criteria were selected in consideration of the environmental

constraints to power plant siting in California, in addition to feasibility
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Table 8-1

Siting Criteria

8. Nature Conservancy Lands

Primary Secondary- .-
Criteria Criteria
'Exéi?:;gggry Avoidan;e Opportgnity
I. ' Physical/Biological Factors
A. Air Quality
1. Air Quality Maintenance
Areas (AQMA) X .
2. Air Conservation Areas X
‘B. Geology/Seismology
"7 1. Active Quarternary
__Faults/Zone III Areas X X
2. Landslide Areas X -
‘3. Areas of High Liquefac-
tion Potential X
4. Potential Volcanic
Hazard Areas X
5. Subsidence Areas X
6. Areas of Geological
Significance X
o 7. Seismicity Areas X
. 8. Ground Motion Areas X
9. Tsunami Hazard Areas*
C. Hydrology/Water Resources :
' 1. Flood Prone Areas X
2. QOverdrafted Water Basins X
3. Water Quality Limited X
' Segments
D. Significant Biological
" Resources. =
1. Coastal Wetlands , X
2. Inland Freshwater Marshes X
3. Anadromous Fish Spawning )
. _Areas : X
4. Deer Winter Ranges X
5. Bighorn Sheep Winter
Ranges X
6. Raré and Endangered Fish
__and Wildlife Habitats X
7. Kelp Beds X
X

* Excluded because -it is a coastal area.
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Table 8-1

Siting Criteria (continued)

Primary Secondary
Criteria Criteria
Exgigiéggzry Avoidance Opportunity
II. Land Use and Transportation/
Transmission Factors
A. Special Land Use
1. Prime Agricultural
Land X
2. Agricultural Preserves X
3. Urbanized Areas X
4. Coastal Areas X
~B. Special State and Federal
Lands
1. National Parks and
. Monuments X
2. National Forests and
Pt. Reyes National
Seashore X
3. State Parks X
4. Wildlife Refuge Areas
a) National Wildlife
. Refuge Areas X
b) State Wildlife Areas
for Waterfowl X
c) State Waterfowl
Refuge Area X
d) Marine Life Refuges
and Reserves X
5. Wild, Scenic and
Protected Waterways X
6. Wilderness, Natural and
Primitive Areas X
7. Scenic Highways X
8. Indian Reservations X
9. Bomb Missile and Target
—_— Test Areas X
10. Military Bases X

'C. Transportation and Transmission

Lines

1. Highways X
2. Railroads X
3. Navigable Waterways X
4. Transmission Lines X
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considerations. In particular, although coastal sites would not neces-

sarily be excluded due to physical constraints (with the exception of
coastal zone III earthquake intensity areas), it was determined that tﬁe
legal difficulties in obtaining approval for a coastal site.madé them
less feasible than alternative inland sites. ,

Water presents such a complex problem in power plant sitfng iﬁ
California that it 1is not possible to evaluate water availability on
an area-wide basis. California has developed a large-scéle system
for transporting water since the areas of water supply are generélly
not coincident with areas of demand. Thus a given area may be able to
obtain water ffom‘elsewhere in-state. We therefore analyzed each potenA
tial site for its water availability after the site had met~thefexc1usion-
ary siting criteria: |

Most of the exclusionary criteria and two opportunityicriteiia were
mapped on a series of ‘transparent overlays at a scaie of 1:2,000,000.
These transparencies are reproduced here in black and white (Figures
8-2 through 8-12). Prime agricultural land was not mapped because a
sufficiently generalized map of this information could not be*pbtaihed:
Figure 8-12 depicts the areas which remained after the exclusionary-
criteria had been met. Since these feasible siting aréas must be evaluated
on an individual basis for water availability and for their proximity'to
prime agricultural land, many portions which appear in Figure 8-12 may
upon closer“eValuatiOn be found unsuitable for power plant siting.

It should also be noted that many of the areas- remaining as poten-
tial siting areas lie ih mountainous regions which would increase the
difficulty of coﬁstructing power plants or preclude them entirely.

California has two main mountain ranges, the coastél range and the

‘Sierra Nevada. The feasible siting areas in Humboldt, Mendocino, Sonoma,
~‘Monterey, San_Luis,Qbispo and Santa Barbara;Codnties lie in the coastal
‘ranges. The western portions of Nevada, Placer, El Dorado, Amador,

. Calaveras, Tuolumhe, Mariposa and Madera Counties meet the exclusionary

criteria, but they lie in the Sierra Nevada Mountain Range. The topography

" of the~state'is,illu5trated in ‘Figure 8-13.
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Figure 8-2
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Figure- 8-3
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Figure 8-4
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Figure 8-5 *
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Figure 8-6
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Figure 8-9
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Figure 8-11
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Figure 8-12
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POWER PLANT SITING FOR THE NCUA SCENARIOS

The scenarios for California, disaggregated from the Pacific
Region scenarios developed by Brookhaven National Laboratory, cover
five major fuel types: 1) coal, 2) natural gas, 3) petroleum,

4) electricity and 5) solar and geothermal. There are four scenarios
for 1975, 1985 and 2000: 1) Recent Trends, 2) Accelerated Synfuels,
3) High Coal-Electric, and 4) High Coal-Electric and Accelerated
Synfuels. The fuel mix for scenarios 1) and 2) are identical, as are
those for scenarios 3) and 4).

For the 1985 NCUA scenarios we sited on 800 MWe coal-fired power
plant in Aggregated Subarea* (ASA) 1802 in southeastern Tehama County.
The siting area is near Kirkwood which is approximately ten miles from .
Orland. The area is near a main line of the Southern Pacific Railroad
and Interstate 5. In addition, it is near four 230 KV transmission
lines. The area is within 25 miles of national forest areas to the
west (Mendicino National Forest) and to the east (Lassen National
Forest). Also, the Woodson Bridge State Recreation area is approximately
10 miles north of Kirkwood. The large areas of national forest land in
northern California are difficult to avoid. Although the Kirkwood siting
area is not presently in an air quality maintenance area, the degrada-
tion of the air quality may result in such a designation in the future.
Certainly the air quality over the national forest areas can be expected
to deteriorate, thus reducing the scenic and recreational value of these
resource areas. It should be noted that the Kirkwood siting area is in
a flood-prone hazard area (an avoidance criteria), but the siting area
meets all the exclusionary criteria.

The possible sources of water in Tehama County include groundwater,
reclaimed agricultural waste water and water made available by shifting
current water use to power plant cooling., Presently, it is not possible
to determine which source of water will be utilized for the coal-fired
facility.

The High éoal-Electric and High Coal-Electric and Accelerated
Synfuels scenarios for the year 2000 required the siting of seven
additional units of coal-fired power plants. (Scenarios 1) and 2)

did not require more coal-fired power plants.) We sited a second 800 MWe

*
For a discussion of Aggregated Subareas, see section 9.



unltat'the first siting area near Kirkwood in Tehama County. A total
of six units (two in each of three siting areas) was sited in the
southeastern desert region in ASA 1806. Two of the units are sited
near Cadiz in San Bernardino County. This siting area. is near-the
" junction of two main lines of the Atchison Topeka'and Santa Fe -Railroad
and is close to a transmission corridor. .Route 66 is several piles_north
of Cadiz. The siting area for two more units is near Goffs in eastern San
Bernardino County.‘;The(AtcnisonfTopeka and Santa Fe Railroad goes through
Goffs and Route 66 lies to the'south, The final two units are located
in a siting area sonth of the town of Rice in Rice Valley in Riverside
County. 'Again; the'Siting.area is near an Atchison Topeka and Santa Fe
rail line and Route 62 goes through Rice; "The total coal-fired_capaeity
in 2000 is 6400 MWe. These four coal siting areas are shown invFigdre |
8-14. . ‘ \
: The eastern desert area of San Bernardino and Riverside Countles

is not currently an air qua11ty malntenance area but the six units of
coal-fired capacity are sited near 51gn1f1cant biological resources
.. (especially big horn sheep'range areas) and are in recognized seenic'
desert areas. The air pollutants may result in adverse impacté on
these resources. The sodrces of water -available in the eastern desert
area are discussed below in the sectlon on nuclear power plant sites,

All four NCUA scenarios spec1fy 8245 MWe of nuclear power plant
capacity for 1985 For the nuclear siting ana1y51s, we relied mainly
on the nuclear sites already identified by various California utilities.
More power plant sites than are needed to meet the NCUA scenario require-
ments have already been identified by the electric utilities. For 1985
these consist of those;chrrentiy operating nuclear plants (Humboldt Bay,
Rancho Seco and San Onofre)rplus an additional two'units at San Onofre
(in San Diego County), two units under construction at Diablo Canyon in
San Luis Obispo County, and one un1t each at Sundesert in eastern Riverside
County and San Joaquin in Kern County. This totals 8245 MWe of nuclear
capacity for 1985. |

For the year 2000 nuclear capacity increases to 19545 MwWe 1n the

Recent Trends and Accelerated Synfuel scenarios, requiring an addltlonal
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11300 MWe to be sited. Assuming that each power plant is approximately
1100 MWe, this necessitates ten additional units. They have been sited
as follows: Rancho Seco 2 (ASA 1802), San Joaquin 2, 3, 4 (ASA 1803),
Stanislaus 1, 2 (ASA 1803), Sundesert 2 (ASA 1806), SDGEE Nuclear A

(ASA 1806) and Vidal Junction 1, 2 (ASA 1806). The siting pattern for '
nuclear plants thus emphasizes Central Valley sites (8 units by the

year 2000) and eastern desert sites (5 units by the year 2000). All the
nuclear sites are shown in Figure 8-15.

The nuclear power plants in the eastern desert have several availa-
ble sources of water, including Colorado River water, potential deep
groundwater and reclaimed agricultural waste water. The plans for unit
one at Sundesert specify 17,000 acre-feet of reclaimed agricultural
waste water for cooling purposes. In addition to these sources, San Diego
Gas and Electric has obtained water by purchasing ranches, thereby obtain-
ing the water rights. These types of transactions make it difficult to
determine exactly how the water will be obtained, although it appears
there is sufficient water available for the nuclear power plants sited
in the eastern desert area. ‘

Not all of the nuclear power plant sites meet all of the exclusionary
siting criteria due to our utilization of utility proposed sites. Rancho
Seco, Stanislaus, San Joaquin and San Onofre are in air quality maintenance
areas. Siting nuclear power plants in air quality maintenance areas is
not considered critical, however, since the air emission standards for
the AQMAs generally affect fossil fuel use and are not based upon air-
borne radioactive emissions. Also, several plants are in areas of sig-
nificant biological resources, particularly areas of important marshland
habitat for waterfowl and water-associated wildlife. These power plant
sites include Humboldt Bay, San Joaquin and San Onofre. Other than
these exceptions, the nuclear sites meet our exclusionary siting criteria.

The remaining fuel types in the NCUA scenarios, namely, oil, gas,
geothermal, solar and hydro, were not specifically considered in the
siting analysis; geothermal, solar and hydro were sited by ASA regions.

No new 0il and gas facilities were considered and therefore no new sites
were necessary. Geothermal development will necessarily be confined to
the Imperial Valley Geothermal Resource Area in ASA 1806, and in 2000

there will be four sites (Salton Sea, Brawley, Heber and East Mesa).
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Solar power plants of the central receiver type have been assigned to .

ASA 1806 in the southeastern desert. These 20 plants:hévefnot yet ”
been sited more specifically. Any hydroeleétfic additions would most ’

Zlikely be sited in ASA 1802, but no specific additions of-hydroélectric”

plants have been designated in our siting analysis. '

CONCLUSIONS AND FURTHER SITING ISSUES

1) The siting of energy facilities in California is severely.
constrained by physicaliand pbiitical difficulties. In ﬁérticular,
‘air quality problems and water availability problems, which will be
exaccerbated by the expected increase in population'by 2000, will:
require special attention in order to meet the reqﬁiremeﬁts»pf the
2000 scenarios.

2} The potential conflict among state agencies increases the dif-
ficulty of siting power plahts in California. The potential problem. .
between ERCDC and the Coastal Commission has already beeh mentioned.
The Coastal Commission encourages:ihland sites which need fresh water
for cooling while the State Water Resources Control Board (SWRCB) gives
inland fresh water for power plant cooiing the lowest priority. The
Air Resources Bbard (ARB) is presently considering sténdards for air
quality conservation that would preclude construction of fossii-fuel»
plants over 100 megawatts anywhere in California. The:cohflicfing
mandates among state'agenéies are certain to complicate power plgnt
siting, despite the exclusive authbrity for siting of the ERCDC.

3) The socio-cultural impact on rural areas, which ére the most
likely sites for power plants, could be severe. Usualfy'local rural
governments have few resources to spare for handling the problems
inherent in the intense activity surrounding the constfuction of a
power plant, such és demands on local services, Governments not pre-
pared for the changes in the community structure will suffer more
-sevére social impacts. Although this issue has not been addressed
in this siting analyéié, it deserves considération in the second year

of the study.
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9. WATER RESOURCES ANALYSIS

REGIONAL WATER PROFILE

Geographic Distribution

Water availability in California varies widely over the state with
about 75 percent of the State's'runoff occurring north of»the Sacramento—-
San Joaquin Delta area. However, about 75 percent of the water demand
occurs south of the Delta, causing large geographic.disproportionalities'
in the water supply and demand picture. Transport of water from supply
to demand areas requires a massive, intricate system tHat:is one of the'
world's larges water projeots. . _

The California water system has two regulated points of diversion:
the Sacramento-San Joaquin'Delta and the Colorado River (Fig. 9;1) .The
State Water Project (SWP) and the Federal Central Vailey Projeot (CVP)
divert water from the Sacramento—San Joaouin Delta and transport it to -
the south. California has an annual entitlement of 4.4 miliion acre-feet;
however, the State currently diverts over 5 million acre-feet/year from
the'Colorado River'. of ‘this amount, about 4 million acre-feet/year are
delivered to the Colorado Desert reglon primarily for agrlculture
The remalnlng m11110n acre- feet are transported by the Metropolltan
Water DlStrlCt of Southern Callforn1a to the South Coastal Plain.

allfornla s entltlement to ‘the Colorado River will be reduced by about
600, 000 acre—feet when the .Central Arizona Pro;ect is completed in the
- mid-1980's. | ' '

The SWP;, whlch is operated by the Callfornla Department of Water
Resources, de11vered about 1.6 million acre-feet of water 1n 1976
through'the California Aqueduct. The majority of th1s water is de11vered
to theksan'Joaquin Valley for agricultural irrigation, while some of_1t
'is pumped over tne'Tehachapi Mountains for use in Southern California.
_The CVP, which is operated by the Federal Bureau of Reclamation and the

Corps of Engineers, delivers about 6 million acre-feet/year of water from.
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Fig. 9-1. California Water Supply System

XBB 777-7307
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the Delta. The Bureau also sells the Colorado Rlver water to Ca11forn1a
and therefore is responsible for about one- third of the State's water -
needs. S v

Figure 9-2 shows the aggregated subareas (ASA). in California as S b. i
. defined by the Federal Water Resources Council. Since the ASAvis used ) .
throughout the report as the basic geographlc unit, the follow1ng brlef
description of each ASA in California will help establlsh ‘the reglonal
water profile. .

ASA 1801 (North Coastal) is situated in Northern Ca11forn1a _and
includes Klamath County (about 3.2 mllllon acres) 1n south central »
Oregon. California's portion of this ASA (about 14.5 million acres) _
is the most water-abundant area in the State producing 40 percent of the
total surface water runoff annually. 1 However, the California Wild'and‘“
Scenic Rivers Act of 1972 _preserves and protects much of this area from
future water development. The relationship of this Act to future water
resource development will be discussed in a later sectlon of. the report.
Generally water supplies 1n ‘this ASA are adequate ‘to meet needs, but
there is a lack of carry-over storage of winter runoff. _

ASA 1802 (SaCramentoﬂBasin) comprises 17 counties in Northeastern
California with a total area of 20.8 million acres. The Sacramento Basin
is the second largest water- producing area in the State with about 30 |
percent of the State s.natural runoff or1g1nat1ng in this subarea.

Nlnety percent of the water w1thdrawals are- used for farmlng, but urban
growth is expected to contlnue near present cities with a 65 percent
inCrease from presént water demand occurring by 2000. 2 Generally, this
ASA has adequate surface water supplies; however, some areas have water
_shortages Water quallty of surface flows is reported to be generally
good There are some water quallty problems caused by local concentra-
tions of return water from irrigated agriculture and heavy metals from
drainage through tailings of abandoned m1nes

~ASA 1803 (San Joaquin Valley) is an area which envelopes ‘the
‘southern two-thirds of the Central Valley. The subarea includes 12
counties with a total area of about 21 million acres. Although there
is natural runoff within the area, ground water withdrawals in many
basins exceed the estimated safe yields (i.e., the amount by which the

supply is annually replenished usually by precipitation). At present
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there is a-ground'water’cverdraft of .about 1.5 million acre-feet per

year in the San Joaquin Valley.sgnOveerS percent of the water wrthdrawal.‘

is used to irrigate nearly 5 million acres'of_farmiand.,fThese'agricul—
tural withdrawals are projected to increasevever the next 25 years,_t1
'The major .problems include ground water overdraft, especially in .the
Tulare Basin and water quality degradation due to agr1cu1tura1 drain
waters. v -
| ASA 1804 (San Francisco Bay) comprises 4.7,millionbacre$1and 9.
counties surrounding San Francisco, San.Pablo and Suisun-Baye; This
subarea is second in total popuiation for the State SanvFrancisco
Bay area has sufficient water supplles through 1mportat10n to meet .its
needs unto 2000.1 The northwest portion of ASA 1804 is both agrlcul—
tural and urban with 1rr1gated agriculture accountlng for about 60
‘percent of the tetal water demand. The southeastern part is highly
urbanized and present 1rr1gat10n is expected to be substantlally
reduced by urban encroachment by 2000

ASA 1805 (Central Coast) is a subreglon which essentially spans
the coastal interval between the metropolltan areas of San Franc1sco
Bay and_the_south coastal area. It.includes 5 counties and a total
~area of 7.2 million acres Ground water is the main water source,
which is presently overdrafted This subarea is water- deficient.and
with expected increases in urban demands, there may develop a confllct
between municipal needs and agriculture. However, water conservatlon
practices and reclamation of waste water from the urban sector may
offset the less oflprime agricultural water'diverted to urban use.

ASA 1806 (South Coastalﬁarea and Colorado Desert) is compqsed_
of two distinctAhydrologic systems. The California South Coastal
Plaln includes all basins draining directly to the Pac1f1c Ocean from
the Ventura River ‘to the Mex1can border The Colorado Desert area
includes the drainages of the Colorado River Basin portion in Callfornla
The total area encompasses 7 counties and about 27.5 million acres. ASA
‘1806 includes the most populous area in the State wh1ch>1s projected to |
increase in the future to about 12 million pecpie L Eighty-five percent
of the total w1thdrawa1 is from imported water from the Colorado River "

diversion and the SWP. Since irrigated agrlculture in the Colorado River
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is second only to the Central Valley, the competition between agriculture,
municipal and industrial users could be severe in the future.

ASA 1807 (south Lahontan) includes 3 counties on the east side of
the Sierra Nevada, an area which encompasses 8.9 million acres. The
subarea is characterized by a large number of enclosed basins and sinks.
Water supplies are generally adequate for demands estimated through
2000.1 Since this region is the most sparsely populated in the State,

there are no severe problems identified.

Water Resources Availability

The presently developed water supplies in California include the
following: |

1) water transported within California through the SWP and CVP;

2) interregional water transfer from the Colorado River diversion

to the Los Angeles Basin and Colorado Desert; and

3) ground water used in agriculture and urban areas.

The average annual runoff potentially available to California is
about 76.6 million acre—feet.4 Runoff in individual years, however, has
varied. In 1975-76, a dry year, runoff was estimated to be about 44
million acre-feet.* California meets about 60 percent of its annual demand
through the diversion of natural runoff. The use of remaining natural
runoff is limited by the ability to capture the resource.

California, through the Department of Finance, Department of Water
Resources (DWR) and the State Water Resources:Control Board (SWRCB)
retains possession of the State's filings on surface water. There have
been filings on most unappropriated surface water in the State.
Development'potential for additional firm surface water supplies is limited
due to economic, environmental and institutional constraints.

The largest potential source of additional water supply is in the
North Coastal Area (ASA 1801); however, its development is precluded
by the California Wild and Scenic Rivers Act of 1972. In case of the

*
It was forecasted that the gtatewide runoff in 1977 would be only 20
percent of an average year.
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Eel River, DWR is required to'report,to the legislatnr% in 1985 as to
whether segments of the river should be deleted from the Act.

. Ground water forms another major source of Watef»in!California.
About 40 percent (roughly 15 million acre-feet) of the applied water
requirement is now pumped-from”underground basins._4 DWR estimates
that the State's total ground water storage capacity is about 143
million acre-feet.3 The'only-major ground water basin that has the
vcapability of a safe yield greater than its present use is in the
Sacramento'Valley. At'pfesent; there is an overdraft of‘about22.2
mil}ianacre-feet/year of which the San Joaquin Valley (ASA 1803),
especially the Tulare Basin,‘accounts for 1.5 million“acfe-feet/Year.

A potential problem with the continued use of ground water
involves the concept of ground water mining. Removal of gfound'water
in excess of safe yield constitutes ground water m1n1ng " The approach
of the California courts in recent years has been to con51der ground
water as a non-renewable resource and to discourage ground water mining.
This trend however, may ‘be changed in the future as the need for new
water sources becomes more urgent. ’ ! _

Due to the limited fresh water supplies and groWing demands for
water, waste water reclamation has become a potential water source.

The two main sources are agricultural drainage water and mun1c1pal
waste water. It is estimated that about 2 million acre- feet/year

of municipal waste water now flows into the ocean and is lost as

a fresh water source. Less than 8 percent of this water is reclaimed
for further”beneficial u‘se.6 The City of Burbank, for_exanplej cools
its municipal power plant with reclaimed water. Currently, the | ‘
facilities for complete municipal waste water reclamation do not exist,
nor do the conveyance systems which would-transport.the effluents from
their source to the remote sites of utilization. '

Agricultural drainage water is another potential source of water.
After single or multiple use of 1rr1gat10n water it is no longer suitable
for agricultural purposes and is classified as waste water. In the
fmperial Valley alone about one million acre-feet/year of agricultural
drainage water is available for use by power.plants.7 Another area

where agricultural waste water is being collected is the San Joaquin



-112-

Valley. There are various problems associated with the use of irri-
gation waste water'including conveyance costs, costs of chemical pre-
treatment in some cases, and the seasonal nature of the irrigation
drainage. |
Table 9-1 summarizes the projected water supply picture in _
California by ASA. The information was interpolated from data presented
in DWR Bulletin 160-74, using Alternative II.2 Alternative future I1I
includes a fertility rate of 2.5 and a net migration rate of 150,000
people. Since the information in the Bulletin is reported by hydrologic
study areas (HSA) rather than ASA, certain area correlations are assumed.
Table 9-2 contains the correlations that are used by DWR in relating
hydrologic study areas to aggregated subareas.1
DWR's water supply projections for 1985 and 2000 assume the
following conditions:2
1) construction will be éompleted as necessary to meet contrac-
tual deliveries of SWP; |
2) ground water will be within safe yields by the year 2000;
3) Colorado River imports will be reduced from the present level
of over 5 million acre-feet/year to California's allotment of
4.4 million acre-feet/year by 1990;
4) New Melones Reservoir yield would be maximum;
5) SWRCB's Decision 1379 ("Criteria for Sacramento-San Joaquin
Delta") will be relaxed; and »
6) Some trans-delta conveyance facility will be constructed to
éonvey water across the Sacramento-San Joaquin Delta to the
SWP and the CVP. |

Water Demands

The projected net water demands in California are shown in Table
9-3. The values were derived from data in DWR Bulletin 160-74 using
Alternative II.2 The information was adjusted to aggregated subareas
using the method described above. Agricultural irrigation accounts for
about 85 percent of the total net water demand in California. The

remaining water requirements are for the municipal and industrial sectors,
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. Table 9-1..

Pro;ected Water Supply in California*
‘ (106 acre- feet)

ASA 1975 1985 2000
1801 .963 .974 . .991
1802 7.726 8.304 8.744
11803 12.342 13.197 13.647
1804 -~ 2.042 2.309 2.529
1805 .850 .917 .950
1806 7.416 8.320 8.777
1807 .215 .280 .314
TOTAL  31.554 34.301 35.952 -

* . .
Interpolated from data in DWR Bulletin

160-74, Table 27, pp. 146-47 and.
adjusted from hydrologlc study areas
to aggregated subareas.



-114-

Table 9-2

Correlations or Hydrologic Study Areas

to Aggregated Subareas in California

ASA HSA
(Aggregated (Hydrologic Planning Subareas
Subarea) Study Area)
1801 North Coastal All
1802 Sacramento All
North Lahontan Lassen Group; Alpine
Group-Tahoe and Truckee
Basin
Delta Central Sierra 30% Delta service area
1803 San Joaquin All
Tulare All
Delta Central Sierra Foothill and uplands;
Eastern Valley Floor;
50% of Delta service
area
1804 San Francisco Bay All
Delta Central Sierra Western uplands; 20% of
' Delta service area
1805 Central Coast All
1806 South Coastal All
Colorado Desert All
South Lahontan Mohave River, Antelope
Valley
1807 South Lahontan Mono-Owens area; Death
Valley
North Lahontan Alpine Group; Canyon and
Walker Basins
Source: California Department of Water Resources, 1975 National

Assessment:

State-Regional Future, Technical Memorandum

No. 2, July 1976.
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Table 9-3

Projected Net Water Demands in California* '
(106 acre-feet)

1975 ’ - 1985 2000
ASA pgri- Agri- Agri- "
- A8 Urban Total Urban Total Urban Total
culture culture e culture : :
1801 .556 .392 .948 .549 .427 .976 .535 .468 1.003

1802  6.526  .529 7.055  7.281 .676 7.957  7.967  .866 - 8.833
1803 12.989 .416 13.405 14.380 .522 14.902 15.563 .716 16.279
1804 .860 .970 1.830 976 1.207 2.183  1.105 1.527 2.632
1805 .889  .103  .992 994  .137 1.131  1.098 .195 1.293
1806  5.406 2.009 7.415  5.364 2.467 7.831  5.266 3.173 8.439

1807 .236  .016  .252 . .245 .024  .269  .273  .023  .296

"TOTAL 27.462 4.435 31.897 29.789 5.460 35.249 31.807 6.968 38.775

* Interpolated from data in DWR Bulletin 160-74, Table .27, pp. 146-47 and.
adjusted from hydrologic study areas to aggregated subareas.
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which includes power plant cooling.. Power plants consume a very
’small fraction (32,000 acre-feet/year) of the total fresh water

demands, since most of this demand at the present time is met by
the use of sea water.

Water demands now exceed the available wdter supplies in some
areas of the State. At present, the deficiency is supplied for the
most part by ground water overdraft. Table 9-4 shows the deficiency
in water supply required to meet agricultural and urban water needs.

Until the year 2000 the deficits are primarily in the San Joaquin
Valley (ASA 1803) and the Central Coast (ASA 1805) areas. By 2000
nearly every ASA in California is expected to have a deficiency in
water supply. This deficiency may be larger if power plants are
restricted from being sited along the coast. Furthermore, in-stream
water uses such as recreation, fish, wildlife, and water quality'
management have received increasing attention in recent years. These
uses in the future may require higher minimum water levels in streams,
thus affecting the firm water commitments for other uses. Additional
water requirements for power plants and for in-stream uses may not be

reflected in the DWR estimates.

WATER REQUIREMENTS FOR PROJECTED ENERGY DEVELOPMENT

The objective of this portion of the analysis is to calculate
fhe water requirements for projected energy development in California
using the NCUA scenarios. Cooling water requirements vary depending
on the type of power plant (Table 9-5).8 The proportion of different
types of power plants in a fuel mix and the various methods for cooling
will dictate the impact on water resources in California.

Table 9-6 illustrates the fresh water requirements for power plant
cooling by ASA within California for 1975, 1985 and 2000. Since the
fuel mix for the Recent Trends (1) and Accelerated Synfuels (2) scenarios
are different from the High Coal-Electric (3) and High Coal-Electric and
Accelerated Synfuels (4) scenarios, the data for 2000 is separated by

scenarios.
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ble 9-4

Projected Deficiency in Water Supply
to Meet Agricultural dand Urban Demand

(106 acre-feet)

1975 ' 1985 2000
CNet .ol ~ Net . S Net .

ASA SuPp1¥~.Demand'.Def;C1L Supply. Demand Deficit Suppyy Demand Deficit
1801 .963 948 -- .974  .976 - 991  1.003-  .012
1802 7.726  7.055 - 8.304 7.957 - 8.744 8.833  .089
1803* 12.342 13.405 1.063 13.197 14.902 1.705 13.647 16.279  2.632

1804  2.042 - 1.830 -- 2.309 2.183 -~ .2.529 2.632  .103
1805  .850  .992  .142 917  1.131  .214 950  1.293  .343
1806  7.416  7.415 -- 8.320 7.831 -- 8.777 8.439 -
1807 .215 . .252 -- 280  ..269 -- 314 .296 -
TOTAL 31.55  31.90 34.30  35.25 35.95  38.77
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Table 9-5

Unit Water Requirements

Wet Tower Water

Typepgﬁ Eower Assugedtplant Requirements
" actor acre-ft/MWe-yr
Nuclear .60 16.50
011 60 11.25
Coal | .75 14.06
Combined Cycle .60 13.80
Geothermal
(hydrothermal) .70 52.50

Solar Central Receiver .40 12.60
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" Table 9-6
" Freshwater Consumption for Electricity Generation
(acre-feet/year) . ¥
- | .. 1985 2000
ASA 1975 (Scenarios . (Scenarios »(SCenarioé
1,2,3,4)* 1,2)* - 3,4)%
1801 -- - - R
1802 9,613 19,778 36,533 34,170
1803 -- 18,151 122,101 . 16,501
1804 6,624 10,614 21,231 - 21,231
1805 -- -- R --
1806 15,822 68,642 218,246 . 244,158
1807 ' -- -- - { _—
TOTAL 32,059 117,185 398,111 . 316,060
. _
Scenarios:

(1) Recent Trends

(2} Accelerated Synfuels

(3) Hi Coal Electric

(4) Hi Coal Electric and Accelerated Synfuels’
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Nearly all the current electric generation capacity is located
along the California coast and therefore power plants use sea water
for once-through cooling. The few‘power plants that are located
inland use wet cooling towers. Fresh water requirements for these
plants in 1975 amounted to about 32,000 acre-feet/year.

Due to the California Coastal Commission's policy which requires
examination of inland sites prior to coastal siting, the utilities may
opt for inland siting of power plants. As a result most of the future
water consumptive electrical capacity may be located inland. This is
reflected in the water requirements for power plant cooling in 1985 which
increase to 117,185 acre-feet/year. Much of the increase is accounted
for by the following factors:

1) higher proportion of water consumptive electricity capacity,

especially nuclear;

2) inland siting of most of the new power plants; and

3) use of wet cooling towers which consume large quantities of

water.

The California scenarios for 2000 show significant differences
between them, especially related to the generation capacity of coal and
nuclear. The Recent Trends and Accelerated Synfuéls scenarios consist
of a large increase in nuclear capacity over 1985 (8245 MWe to 19,545
MWe) and no increase in the in-state coal combustion, On the other hand,
the High Coal-Electric and High Coal-Electric and Accelerated Synfuels
scenarios project large increases in in-state coal capacity (800 Mwe
to 6670 MWe), but only a slight increase in nuclear capacity (8245 MWe
to 9045 MWe).

Because of the differences in fuel mix the calculated water
requirements for the different scenarios also vary. The Recent Trends
and Accelerated Synfuels scenarios, which include no growth of in-state
coal facilities from previous years, show more fresh water consumption
than the scenarios requiring a high level of in-sfate coal combustion.
The variation in water requirements between the scenarios in 2000 is
influenced for the most part by the level of nuclear generating capacity,
since nuclear power plants consume more cooling water than coal-burning

facilities.
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Geothermalicapacity from hydrothermal or hot water sources makes
a contribuﬁien to the total fresh water cooling requiremenfs by 2000.
Water demands per unit of geothermal (hydrothermal) capacity are nearly
five times those for fossiiupower plants.9 In addition, geothermal
resources are located inland which eliminates thevpossibility of once-
through cooling teéhnologi ﬁsihg sea water and suggests that the waterv
use impacts will be more localized. A more compléte discussion of the
projected water use by individual ASA will be presented in a later

section.

WATER USE IMPACTS

Overall the total fresh water required for cooling power plants
(398,000 acre-feet/year) represents a small fraction of the roughly
36 million acre-feet/year of water supplies expected to be . available
by 2000. However, as described previously, California is currently
water deficient in som ASA's. This condition is expected‘io be more
widespread by 2000 (see Table 9-4). ’

The water deficiency is largely confined to.iniand ASA regions
some. of which have a pofential for siting power plants. Availability
of fresh water supplies to these regions in the future is pohtingent
upon construction of eertaingkey water development.projects such as
a trans-delta facility and the New Melones and Auburn'Reseryoirs{

The future of these projects is very uncertain at pfeeent. .If'power
plants are sited in these water-deficient regions, there couid be a
further burden on available water resources.

The estimates of water requirements by individual types of
power plants are reported by ASA Table 9-7 contains the cooling water

demands by power plant type and location (ASA) for 1975 1985 and

2000. In addition, a summary is given of the total fresh water consumed

in Californiavby'type of power plant.

Hydrological conditions in Caiifornia vary considerabiYVWithin
individual ASA. As a result each ASA usually has several sources of
supply inéluding”natural~streams or rivers, developed surface water

supplies, ground water, and waste water from agricultural or municipal

o,
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Table 9-7

Freshwater Cooling Requirements
(acre-feet/year)

ASA p°”$;§iant 1975 1985 2000
1,2)* (3,4)*
1801 Nuclear 0 0 0 0
0il 0 0 0 0
1802 Nuclear 9,613 8,528 24,203 8,431
Coal -- 11,250 12,330 25,739
Geothermal 0 0 0 0
1803 Nuclear 0 18,150 122,100 16,500
0il 0 1 1 1
1804 0il 6,624 6,750 7,569 7,569
Combined Cycle -- 3,864 13,662 13,662
1805 Nuclear 0 0 0 0
0il 0 0 0 0
1806 Nuclear 0 15,675 82,500 31,350
0il 15,822 17,777 8,946 8,946
Coal -- - - 77,062
Combined Cycle -- 11,040 25,475 25,475
Geothermal -— 21,000 76,125 76,125
Solar . -- 3,150 25,200 25,200
1807 -- -- -- -- --
California Summéry
Nuclear 9,613 42,353 228,803 56,281
0il 22,446 24,528 16,516 16,516
Coal -- 311,250 12,330 102,801
Combined Cycle - 14,904 34,137 39,137
Geothermal 0 21,000 76,125 76,125
Solar -- 3,150 25,200 25,200
TOTAL 32,059 117,185 398,111 316,060
*
Scenarios:

(1) Recent Trends (2) Accelerated Synfuels
(3) Hi Coal Electric (4) Hi Coal Electric and Accelerated
Synfuels
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users. Water requirements and their possible sources of supply are
therefore analyzed for each type of energy facility within an ASA.

Sinée it is projected that water demands in most of the ASA
will be met by existing and planned supplies in 1985, there will
probably be few water use.impacts.1 According to the California
scenarios for the NCUA only one coal-fired power plant (800 MWe) is
projected for 1985. We have sited this facility in the;Sacramento'
Basin (ASA 1802) Qn‘the western side of the Sierras. Generallyvthis
ASA has adequate'surface water supplies, most- of which are already
committed. Since little or no agricultural waste water exists,
arrangement for purchase of fresh water would be necessary. Currently,
the Rancho Seco nuclear plant receives water from the Folsom South
Canal (Bureau of Reclamation). Similar‘arrangements'might be possible
’fof other facilities. Potential ground water sources exist in the
subarea, but the knowledge of their perennial yields is superficial.

ASA 1803, which includes a large portion of the Céntfal Valley,
already shows a éignificant deficit. - Virtually all the‘éxisting sup-
- plies'are committed and ground water overdraft is a sgfious_problem, :
Agriculture is the major water user in the Central Vélley_and these
withdrawiis are éxpected to increase in the future. Reclaimed
agrlcultural waste water therefore form a potential source of supply
for- coollng water,. o

ASA 1805 (Central Coast) is. essentlally a water- def1C1ent region..
There are potentlal water use impacts between agrlculture and the
growing urban sector, but not related to the development of energy .
facilities. The nuclear- and oil-fired plants in this subarea are
located along.the_coast and use sea water for once-through'cooling;

By 2000 the projected water supply and demand picture in
California becomes more critical. There are expected to be defic-
iencies in water supply to meet agricultural'and urban demand in
nearly all of the aggregated subareas.

_ ASA's 1801 and 1805 will not be included in the discussion since
the propoéed;powér plants located in these regions use sea water for.
cooling. Novénérgy facilities were located in ASA 1807 although there
is some potential in the future for the development of geothermal

resources in the Mono Lake area.
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The Recent Trends and Accelerated Synfuels scenarios for California
in 2000 emphasize a high utilization of nuclear capacity, while the
other two scenarios stress the use of in and out-of-state coal-fired
facilities. The fresh‘water cooling requirements therefore vary sig-
nificantly. ,

In ASA 1802 nuclear and coal-fired scenarios will account for most
of the generating capacity. The high nuclear scenarios will consume
more fresh water for cooling purpose than those scenarios with high
coal capacity (36,533 ac;e-feet/year and 34,170 acre-feet/year,
respectively). Agriculture is the major economic activity in this
subarea and the major user of water. Since little or no agricultural
drainage water exists, the source of water to meet the projected cooling
requirements will come either from ground water sources or through
exchanges and purchases of fresh water from other users. The latter case
could ‘create a competitive situation between agriculture and municipal/
industrial users.

Virtually all the existing water supplies are committed in ASA
1803. The Recent Trends and Acclerated Synfuels scenarios for 2000
include about 7400 MWe of nuclear power generation and a subsequent
requirement of over 120,000 acre-feet/year of cooling water. Portions
of this subarea {e.g. Tulare Basin) already overdraft significant
amounts of ground water. The degree to which this practice of ground
water mining is extended in the future is uncertain at this time.
Agricultural waste waters have been suggested for some of the proposed
nuclear plants. It may be possible by 2000 to use water from the San
Luis Drain, which is located in the upper third of the subarea. As
much as SO0,000 acre-feet/year of agriculture drainage water is
believed to be available in this region.7

Combined cycle facilities located in ASA 1804 are projected to
require over 13,000 acre-feet/year of fresh water. No nuclear or
coal-fired facilities were located in this subregion due to siting
restrictions related to air quality standards. If air quality standards
are relaxed in the future, allowing nuclear or coal facilities to be
sited in this region, there may develop serious competition between the

various water users.
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ASA 1806 is comprised of the south coaStal and Colorado Desert
regions.” A large part of the nuclear and oil capacity in this sub=
area will use sea water for cooling. The rest of the capacity will
require fresh water sources. ’

| The Metropolitan Water District of Southern California (MWD) has
made available up to 100,000 acre-feet/year of its alletment from the
Colorado River for power plant use in desert sites. In 1974 the-
Lanterman Act (AB 3140) was enacted in order to allow'this type of
transaction. MWD has executed letters of intent fer.allqcation.of
water with the following utilities: B

1) San Diego Gas and Electric Company (SDGE) - 17 000 acre- feet/
year; ) :

2) Los Angeles Department of Water and Power (LADWP) -, 33, OOO
acre-feet/year; and

3) Southern California Edison Company (SCE) - 50 OOO acre feet/
' year. N _

The high nuclear scenarios (Recent TrendS’and:Accelerated'SYnfuels)
require nearly 85,000 acre- feet/year of fresh water A spec1f1c -example
of how utilities are addressing the water problem 1nvolve5 SDGE's
proposed Sun Desert nuclear plant. The Sun Desert prpject will receive
17,000 acre-feet/year of water from the Palo Verde.brain for cooling unit
one, while MWD will forebear from diverting an equlvalent amount - into ‘the
Colorado River aqueduct at Parker Dam. - In order to prov1de fresh water
for the second unit, SDGE has purchased three ranches.w1th1n the Palo
- Verde Irrigation District for a total of 7,259 acres. By taking the
land out of production, an additional 17,000 acre—feet/year will become
available for use in the cooling system. It is uncertain at this time
whether other proposed projects will use a similar strategy for acquiring
fresh water. It is also unclear what long-term impacts might develop
due to water tradeoffs between agricuiture and energy development..

Agrieultural,drain water from the Imperial and Coachella Valleys
~in the east desert area represent additionai available sources of
cooling water 1f the sa11n1ty problems can be overcome. It is also
necessary to devise a method to guarantee a long- term supply of draln-
age water. Ground water sources are well known and 1nventor1ed 1n thls

ASA and could provide some water as well
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Develdpment of geothermal resources (hydrothermal) is scheduled
for the Imperial Valley. This area is currently a major agricultural
region in the state with agricultural waste water flows of one million
acre-feet/year to the Salton Sea and 400,000 acre-feet/year to the
Colorado River. The New and Alamo Rivers carry the one million acre-
feet/year flow to the Salton Sea. The cooling water required for
geothermal capacity (about 76,000 acre-feet/year) could be obtained
from the New and Alamo Rivers.9 The water supplies therefore appear
adequate for geothermal development in this subarea without any impact -
on competing users.

Solar power plants will consume only a small fraction of the
fresh water required for cooling. By 2000 it is estimated that about
25,000 acre-feet/year will be needed. Since solar central receivers
will probably be sited in the east desert region, the cooling water
could come from several potential sources including: ground water,
agricultural drainage water, or transfer of surface water rights.

The high coal scenarios for 2000 include about 5000 MWe of coal-
fired capacity in the east desert area. The fresh water required for
cooling is calculated to be about 77,000 acre-feet/year. It is uncer-
tain at this time which water source option would be utilized. The
analysis of cooling water requirements presented in this report
assumes the use of wet cooling towers for all inland sites. The
utilities, however, may resort to wet/dry or dry cooling technologies
as they become available. The wet/dry towers would reduce water
demands to 25 percent of normal requirements for wet towers, while

dry towers would reduce the demands to virtually nil.

SUMMARY

Since almost all the power plants in 1975 were located along
the California coast, fresh water requirements for power plants were
only 32,000 acre-feet. Coastal siting restrictions and development
of résources located inland (e.g. geothermal and solar) will increase
these cooling water demands for the NCUA scenarios to 398,000 acre-feet/

_year by 2000. This estimate is lower when compared to other forecasts
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of energybrelated'Water use in California.S’10 However, the other fore- " -
casts were based on a 51gn1f1cantly different set of scenarios.

Future pro;ected water demands when compared to developed supplies
indicate that fresh water shortages will 'occur in ‘many areas of the -
state by the yearIZOOO.Y This situation could posé serious constraints
on siting power plants in some ASA's
» It was assumed in this ana1y51s that most new power plants will be'
located inland due to coastal 51t1ng restrictions. However, it should
be noted that the SWRCB in a recent policy statement outlined the order
of priority for cooling water sources.llx The SWRCB resolution favored
the use of sea water or waste water being discharged to thé ocean and
suggested the use of inland fresh Water:only as a last resort. SWRCB,
among other functions, issues water rights'permits.'AThe;utility com-
panies in recent submittals to the California Emergy Resources Conserva--
tion and Development Commission seem to favor inland'sités over those
along the coast. As a result we added very little new capac1ty in- the
coastal areas of ASA 1801, 1804 and 1805.

Capacity additions, espec1a11y of nuclear power plants 1n ASA
‘1803, wh1ch is already a water-deficient reg1on will ‘require substant1al
quantities of fresh water. The Recent Trends and Accelerated’ Synfuels
scenarios which include a high level of“nuclear“capacity in ASA 1803
dvhave cooling water demands that are seven times’ greater than the other
scenarros. Since portions of this subarea already have ground water
overdraft problems, additional suppli€s of coollng water will have to
_come from “new” sources. Agricultural waste water "has been suggested
as a ”new" source, but this will requlre improved collect1on ‘and - ‘con-
v;‘veyance fac111t1es Furthermore, chemical pretreatment may be necessary
:depend1ng on the quallty of the dra1nage ‘water.. In someylnstance5«1t
may also prove more economical for the farmer to transfer water from

grlcultural uses to.the utilities.

The expansion of electrical capac1ty in ASA 1806, wh1ch has a
coastal zone, will occur mostly in the eastern desert region. The
fresh water requirements needed to support this increase will be over
200,000 acre-feet/year. Currently, almost 85 percent of the water

in this subarea is imported from the Colorado River and from Northern
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California. Therefore the cooling water demands may have an adverse
impact on competitive water users. In addition, by 1990 California

is expected to relinquish the 600,000 acre-feet/year of Colorado

River water that is currently above its entitlement. Potential water
supplies include deep ground water sources, water in the MWD system or
agricultural waste water. Utilities may resort to wet/dry or dry
cooling towers to reduce water requirements.

The analysis of water use impacts related to coal utilization in
California has identified many uncertainties. In addition to the
eléctricity supply and demand picture, which involves the level of
capacity and the fuel mix, there are various economic, environmental
and institutional constraints to providing sufficient amounts of fresh
water. for cooling. The following list of uncertainties needs further
attention during the second year of the study:

1) fate of pending or proposed major water projects;

2) transfer of water rights between agriculture and the municipal/

industrial users;

3) effects of prevailing drought conditions, which 1limit natural
runoff;

4) availability'of waste water from agriculture and municipaI'
basins; v

5) potential ground water sources in some California basins;

6) future impacts of ground water mining;

7) wuse of cooling technologies which are less water-consumptive
(wet/dry or dry towers);

8) 1institutional interactions between state agencies regarding
coastal/inland siting policy; and

9) water quality problems associated with coal utilization.
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10. AIR QUALITY ‘IMPACTS

In this section we discuss estimates of air quality impacts-due

to,coai usé‘for electricityugenération‘in California. At this point

only theone site required for 1985 by all NCUA scenarios for California
has been investigated. In the following subsection a general charagteri—v
zation of existing background air quality and a brief desériptionvoftqin
quality issues and constraints in California is presented. In the sub-
sequent sections the results of a short-range air quality model are
described, giving both annual average concentrations in the viqinity of
the site and short-term concentration impacts. The model itself is
briefly documented in Appendix B. The last section contains a discussion
-of future work on the remaining scenario«projectipns and a more ¢omp1¢tei
investigation of coal utilization cohstraints imposed by air quality-

issues in California,

STATE AND REGIONAL AIR QUALITY ISSUES

The location and operéting conditions of any proposed coal-fired

power plant for California will have to meet botﬁ'state and federal
air quality and emissions criteria before such a plént can be built.
The relevant state and federal air qﬁality standards are listed in
Table 10-1. The Environmental.Protection Agency has, in addition to
these National Ambient Air Quality Standards (NAAQS), proposed regula-
tions that would prevent significant air quality deterioration (PSD)
These regulations, not yet adopted into law, would limit concentra-
tions for two air pollutants, total suspended particulates (TSP) and
sulfur dio&ide (SOZ)? depending upon the specific air quality class.
These classifications range from Class I, where in general, pollutant
cdncentrations are below the NAAQS, and no major new sources would be.
permitted, to Class III, where significant pollutant emissionsvalready
exist. These proposed standards are also shown in Table 10-1.

_ The State of California has proposed a four-level c1a551flcat10n
scheme for air conservation areas, with Class A approximately corresponding
to Class I. Included in these areas would be national parks and monuments,

and wilderness areas. California also proposes to include certain state park
lands as well.
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Table 10-1
State and Federal Air Quality Standards
(in ug/m3) |
TSP S0y NOy 504

Annual@ 24 hr Annual 24 hr 3 hr 1 hr Annual 1 hr 24 hr

California 60 100 -- 105 -- 1300 -~ 470 25
NAAQS (federal)
Primary 75 260 80 365 -- -- 100 -- -
Secondary 60 150 -- -- 1300 -- 100 -- --
PSDP (federal) '
Class I 5 . 10 2 5 25 -- - - -
Class II 10 30 15 100 700 -- -- -- --
Class III 75 150 80 365 1300  -- — - --

a .
annual geometric mean

proposed Prevention of Significant Deterioration Regulations
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Tehama County, which has been selected as a representative loca-
tion for the 1985 power plant site, contains, and is.close to, several
National.Park—ReCreationuand.Wildernéssiareas.v Since a precise site
within'thevdounty has not been selected, the exact distances to fhese
ér¢a§.§;ﬁn01 be specified. Sites in. the southern part of the county
_would,.for example, lie approximately 50 to 70 km from at least three
such areas. ' ‘

Data on present air quality for several cduﬁties in north-central
California are sparse. We have listed in Tables 10-2 and 10-3 ‘data
available througﬁ the EPA's SAROAD data base fbrwménitofihg sites in
or néar Tehama County. The data for total suspended particulates
indicate high levels of this pollutant, as are sometimées found ih‘ _
agricultural areas in California. Although no projectioné_qf fufﬁre; |
pollutant concehtrations have beeﬁ made,.one notes that from thékBﬁréau -
of Economic Analysis projections of economic-.activity to 19905-that‘ _
agriculture and forestry would continué to dominate'in‘BEA Region 169,
which includes Tehama County. » .

Finally? emissions regulations have been established to aid in
attaining the NAAQS goals. . As such, these regulatioﬁs limit source ‘
emissions based on local air quality criteria. The Stafe Implementation
Plan_(SIP)'for 502 in Tehama County 1limits emissions to the equivalent
output of a plant burning < 0.5 percent sulfur fuel. This level can
be achieved through either the use of low-sulfur coal‘as‘fuel,‘or stack
gas controls for §0,, or a combinatién of both. As notéd.in the next
section, we have assumed a scrubber efficiency of 90 percent, and one
percent sulfur coal, which will reduce the emissions below the SIP

regulations.

Annual Average Air Quality Impacts

Air qualitf impacts were estimated using a short-range, Gaussian
plume model,1 similar to the EPA's Climatological Dispersion Model,
with modifications to include first-order chemistry and deposition.

A more complete description of the model is presented in Appendix B.
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Table 10-2
Total Suspended Particulates - Annual Data for 1975
(in pg/m3) :
. Redding,
gﬂiig’ Red Bluff, Shasta County
County Tehama County Station Designation
002F01 004101
Arithmetic Mean 78 _ 55
Standard Deviation 35.1 27.8
Maximum Value 177 145 94 134
Second Highest Value 153 125 68 126
No. of Violations of 0 0 0 0
Primary Standard
No. of Violations of 2 0 0 0
Secondary Standard
¢ Air pollution data taken from EPA's SAROAD data base
Table 10-3
a
NO, Measurements - Annual Data for 1975
(in ug/m3) _
Chico, Redding,
Butte County Shasta County
Arithmetic Mean 35.3
Standard Deviation 22.5
Maximum Value 206.8 169.2
Second Highest Value 188 150.4
No. of Violations of 0 0
Primary Standard
No. of Violations of 0 ' 0

Secondary Standard
8 Air pollution data taken from EPA's SAROAD data base
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This model is presently available at Léwrenee Livermore Laboratory, where
the modellng runs were done. |

“The NCUA scenarios for Callfornla all require an 800 MWe coal-fired
power plant for 1985. As discussed in the previous section on siting,
we have selected Teﬁema County as the possible location. Since the site
selection protocol has been to use'ohly county level detail, the air
quality model should glve the order of magnitude results necessary for
this assessment. The model used for these estimates does not include .
terrain; rather it uses a flat surface with a choice of surface cover
types for deposition. This model, like most short-range models, gives:

estimates reliable only for distance up to 50-60 km from the source.

Model Inputs

- We have used annual average climatological data .for Sacramente,
Caltifornia, which appears to typify Central Valley sites ‘in north-central
California. These were the only data readily available.in joint frequency
distribution form (wind speed, d1rect10n and Pasquill stablllty class) from
the National Climatological Center. In the future, we may, obtain more
localized metrological data and convert them for,usewlnEthe-model as a
comparison. The model also employs a perfectly réflective inversion
layer '"cap." Based upon Sacramento area radlosonde data,2 we ‘have used
a constant inversion layer height of 305 meters (m) ' . ,

The general power plant characteristics have laready been dlscussed
in the technology characterization section. We have assumed that all coal-
fired powef plants built in California will have SO2 scrubbers as well as
precipitators for the control of particulates and that the coal will be
pulverized before firing. A list of technical input parameters is given
in Table 10-4.

Results and Discussion

The model results for Tehama County County are shown in Figures 10.1 -

through 10-7.  The concentration isopleths are labelled in ug/ms.‘.The
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Table 10-4

Power Plant and Emission Characteristics

Annual Electricity Generation:

Coal:
Heat Content

Sulfur content.

Ash Content

Height

Diameter
Temperature at Exit
Ambient Air

Exit Velocity

Control:l

50,
NOy -

Particulates?

<5 ym
5-10 ym
10-20 uym
20-44 um
>44 um

Weight

‘percent

15
17
20
23
25

5.26 x 10° kih; 18 x 10'% Btu

12,000 Btu/1b .
1%, 20 1b S/Short Ton (ST) coal

10%, 200 1b ash/ST coal

180 m

8 m

79°C
24°C
13.7 m/s

Into Control Devices Removal Efficiency

Source Strength (after control):

S0,

S04

NOy

Particulate
<5 um
5-10 um-
10-20 um
20-44 um
>44 um

100% 90%
~100% 0%

85% 72%

85% 94.5%
85% 97%

85% - 99.5%
85% 100%
121.6 g/s

0

511 g/s (New Source Performance Stds.)
(£ = 302.2 g/s)

217 g/s

48.3 g/s

31.0 g/s

5.9 g/s

0.
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Table 10-4 (continued)

Power Plant and Emission Characteristics

-

Reaction Rate:

. -5 -1
| S.02‘—>SO_4 v 1 x 10 s
 Deposition Rates:
S0, 1 x 1072 m/s
s0, ‘ 1x 107 /s
NO 0
X
Particulates
<5 um 2 x 10-2 m/s
5-10 um 6.5 x 107° m/s .
10-20 um 1 x 107t m/s
20-44 um 3.3 x 10'1-m/s

_ 3 The size distribution and removal efficiencies given here'yield an

overall removal fraction of 94.5%, instead of 99% as defined in
: the technology characterization section. 'In the future we will
‘adjust these distribution or removal fractions to give a 99% overall
removal efficiency. Results discussed elsewhere in this section are
based upon the numbers in this table. -
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Fig. 10-4. Concentration Isopleths for TSP with diameters between 5-10 um.
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Fig. 10-5. Concentration Isopleths for TSP with diameters between.10-20 ym.
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Fig. 10-6. Concentration'Isgpleths;for TSP with diameters between 20-44 um.
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particulate results are shown for each particle size category. The area

covered by each pollutant concentration contour map is 130 x 130 km.

Figure 10-8 is a projection of ground level pollutant concentrations as

. a function of radlal dlstance from the source in the north northeast

(NNE) direction, ThlS is the direction of the maximum concentration of
all pollutants, except'SO4, which has its concentration peak d1rect1y

north of the source. Note that all pollutant concentrations except SO4

fall off in nearly the same way as a function of distance. The peak

value is generally between 2 and 3 km from the source. For SO there

4°
is no source emission, rather a chemical conversion in ‘the plume from

- S0,. Hence the peak concentration (see Fig. 10-8)is broadly distributed,

2 _ .
with the maximum value at 18 km from the source, and the.distribution of

concentration > 90 percent of maximum running-from 8 km out to 36 km.

The results, when compared with the annual average federal or
state Ambient Air Quality Standards (shown in Table 10-1) are smaller
than the standard for all three pollutants. If one were to assume no
sulfur control, the 802 and SO concentration proflles would 1ncrease
by a factor of 10 (to first order). Even then, the output of SO falls
below the standard. However, if one assumes a linear relatlonshlp
between maximum SO2 concentration and energy output, the prlmary
NAAQS standard will be reached if 3600 MWe of capacity with no
sulfur control were co-located at this one site. With sulfur controls,
the dominant criterion becomes either the concentration of suspended
particular matter (TSP) or NOX. In this case, the 60 ug/m annual
standard for TSP is reached assuming nearly 13 times the capacity
modeled here, while the primary NO% standard is equalled with 12£5ttimes
the capacity. ‘ o

This diseussion has, so far, ignored the background concentration
of pollutants.l As noted in the previods section, the TSP concentration
in many Central Valley counties is.quite high,,priharily due to agri{
culture and related activities. As indicated in_Table 10-2, the primary
TSP standard has been exceeded'By"elmosf a factor of 2 in Red Bluff,
Tehama County. ‘Similar results are found for both Chico and Redding in
nearby counties. The NOx concentration presents a similar picture for

both Chico and Red Bluff, with the mean concentration in Chico about

one-third that of the standard (see Table 10-3). Hence, any precise

determination of air quality impacts in Tehama or surrounding counties
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due to a coal-fired power plant would depend upon a more detailed
examination of ambient air quality levels in the surrounding areas.

S

Short-Term Concentration Impacts

We. have used ‘the method developed by General Electric Company
and described in a recent report by Argonne National Laboratofy4 to

1 estimate short-term concentrations of pollutants. The emission rates.
were adjusted to reflect the smaller plant size and the pollution con-
trol systems used here. The results have also been scaled linearly to
account for stack height and exit temperature differénces,iaccording g
‘to scaling parameters shown in Table 6A.9 of. Ref. 4. For the one- and
thre-hour averaging times, we have assumed the plant is oReratingiat
100 percent capacity, a reasonable assumption considering that during
times of peak load, many base load plants operate near full capac1ty
The duration of the peak loads typlcally are’ up to six hours.

For the 24-hour average, we assume the plant will operate at the
average capacity factor of 75 percent. bur esfimafés of maximum con-

centration for each time period have been taken from the appropriate

- tables (6A.8) in Ref. 4 and adjusted for the factors'described above.

The results are shown in Table 10-5, along with a comparlson with the
most stringent federal or state standards. The one short-term violation
that appears in this table is the 24-hour average for total suspended ‘
particulates. One should also note, however, that an.increase in

plant size by a little more than a factor of two would result in

‘yiolation_of the one-hour California NOx standard.

- Future Work

The data presented above resulted from a recent implementation

. of the climatological dispersion model at Lawrence Livermore Laboratory;'
hence, only the 1985 scenario results have been'obtained. We will use
this model to assess the 2000 and 2020 scenarios shortly. We also éxpect
to obtain meteorological data more localized to the power plant site of

interest which will be incorporated into these-analyses.
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Table 10-5

Concentration Maxima for an 800 MWe Plant?
Compared to the Most Stringent Standard

(in ug/m3)
Time TSP (standard) 802 (standard) NOx (standard)
Scale
1 hour 126 (--) 50 (1310)€ 207 470)¢
3 hours 101 (=-) 40 (7004 166 (=-)
24 hours 46 (30) 20 (100)¢ 82 (--)

4Calculated for an 800 MWe plant with characteristics and emission sum-
marized in Table 10-4, using the method described in Ref. 4.

bSee Table 10-1.

CCalifornia standard.

dPSD Class II standards.



-149--

Air quality issues in California are complex, with both stationary.,
and mobile sources contributing in varying proportion depending upon )
pollutant and area of interest. In addition, the local Air Pollution
Control Districts and the California Air Resources Board have adopted
and proposed several emission standards for pollutants of interest
to thé NCUA. We will assess these more fully in the futuré, especially
with regard to the impacts upon our proposed siting locations for the
scenarios. | '

We also expect to implement a short-term air quality model, using
hourly metéorological data for some of the sites. The intera¢tion
between the proposed sites and possible Class I or Class A areas, as well
as the short-term air quality standards will require further work for
a more complete assesément. v

We have recently forwarded to PNL data on our propésed sites and
capacities for each scenario in order to complete the long-range air

quality modeling. Further site or technology iteration might result

"from this analysis.
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11. HEALTH AND SAFETY EFFECTS

In this section we discuss the health and safety impacts of the
supply and use of coal in California. The analysis in this interim |
report is restricted to effects linked to the operation of the coal-
fired electricity-generating plant required in the Recent Trends ‘ '
scenario. This plant, located in southern Tehama County, would genér-
ate air pollution in the surrounding area of the northern section of
the Central Valley of California. Air quality calculations were
carried out over an area within a range of sixfy kiloﬁeters of the
power plant location (see section 10). This region includes parts of
Tehama County and three adjoining counties: Glenn (to the south), -
Butte (southeast) and Shasta (to the north). The area is Iafgely
rural and contains few'towns. Some characteristics.of the area are
displayed in Table 11.1.12 '

At best, the available data and methodology permit estimates
of only the order of magnitude of the. various health ‘effects discussed
here. QOur analysis is largely based on the data and information con-
tained in the Brookhaven National Laboratory's handbook for the quanti-
fication of health effects.3 This héndbbok presehts a selective com-
pilation of data derived from laboratpfy studies and U.S. national
and international sources. For California it may be necessary to
modify these data with information on local conditions in the western
United States. For example, accident statistics from Utah coal mihes
and railroads in the western states should be used rather than the
corresponding U.S. national average figuresvused in this study. v

The coal supply chain starts with coal mining followed by coal
processing, rail transport and combustion in a coal-fired electricity-
generating plant. Although the mining, processing, and mﬁch of thearail
transport occurs outside of California,vwe account for the health aspects
of these processes in order to carry out a balanced assessment. For ’
mining, processing and transportation, we estimate accidental deaths and
injuries and occupational disease associated with coal supplieé required

~for one electricity generating station.
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Table 11-1

Population and Areas of Counties in Northern Section of
' California's Central Valley

for 7/1/85
(thousands)

County Butte Glen Shasta Tehama
‘Area (sq.miles) 1665 1319 3850 2976
Population1 :
on 7/1/75 117 18.9 87.7 31.8

(thousands) .
Population Biggs 1.3 Orland 3.1 Anderson 6.1 Corning 3.8
of citiesl Chico 22.3 Willows 4.5 Redding 18.4 Red Bluff 8.2
on 7/1/75 Gridley 2.8 Tehama .36
(thousands) Oroville 7.9
County popula-
tion projections* 143 20.3 108.1

37.1
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- .The clinical. effects of eXposﬁre,tb high concentrations of air-
pollutants-havé«been investigated, established and ddcuménted over.a
long périod. vAcufe and~chronic respiratorygdisease; heopiastic dis- .-
eases and aggravation of pre-existing respiratory and other diseases
have been related to.such pollutants.  The fdliowing hazardbusfgases
are generated by coal combustion:- sulfur dioxide,’nitrbgen_oxides, _
carbon monoxide and gaseous hydrocarbons. Chemical transformations-.
of these substances in. the atmosphere can lead to the formation of
sulfates, nitrates and ozone. The particulate combustion products
emitted from stacks contain aromatic hydrocarbons and trace amounts
_of various metals. , \

To permit an assessment of the magnitude of clinical effects on -
‘bqpulations at moderate distances from power plants, ‘data are required
on the health effects of pollutants at low concentrations. Such;data
are not available and hence no assessments of these clinical effects_
is attempted here.

'This preliminary analysis of air pollution health effects is
limited to estimating the overall increase -in mortality rate.. Epi-
“demiological .analysis of air pollution data has established an associa-
tion between increased mortality rate and concentrations in -air of both
tbtal‘suspended particulates (TSP)6’7 and -sulfates, although tHe‘form
of the dose -response relatlonshlp between these pollutants and increased .
mortality rate is not clear. 3,9,10

The quantitative estimate made here of the increase in mortallty
rate due'to'alr pollutants is to be regarded as-a rough, order-of-

‘magnitude calculation. For this purpose, the effects are linked solely

to ground level sulfate concentration. Quantitative data on the effects’

of nitrogen dioxide are lacking; hence, no estimate of the eéffects of

this pollutant were made. Except for particles of diameter less than
five microns, the"cQQCentration'of TSP decfeases‘rapidly with distance
from the sourCe}ZLTt'isﬂhere1355umedfthat'the’power plant will be''sited
so that the population within ten kilometers from the plant will be

small and hence the effects of the ‘high concentrations of particulates ¢’
close to the source can be neglected. The expected pollutant increase

due to the coal-fired power plant is estimated using the air quality
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model described in the previous section, This model is used to éompﬁfe
- the distribution at ground level, of annual average qoncentrations.for
TSP,'sulfur dioxide, sulfate and nitrogen dioxide. The isopleths of |
sulfate'concentration shown in Figure 10.2 of section 10 are'superim-

_ posed on a map of the region in order to locate, for each county, the
towns and areas exposed to each of the ranges of sulfate concentrations.
Each range of exposures is approximated by its mean value. For example,
for areas lying between the .015 and .03 isopleths, a value of .0225
micrograms sulfate per cubic meter is used. The population at risk is
estimated as follows: for each city the population given for 1975 in
Table 11.1 is‘multiplied by the projected fractional increase in county
population for 1985. For the rural areas, county average rural popula-
tion densities are used. These also are adjusted by multiplying the
1975 values by the fractional increase in population projected for 1985.
The basic data fof 1975 and 1985 for these four counties are displayed
in Table 11.1.

, The product (mean sulfate concentration x population at risk)
is computed for each range of sulfate concentrations. Following the
Brookhaven handbook,3 a linear exposure-response relationship is assumed
between concentration of sulfate in air at ground level and increase in
total mortality rate. Using the values in Table 3 of the Brookhaven

handbook, the increase in mortality rate is estimated as
3.3 x lO_5 X 2: (mean sulfate concentration x population at risk) .

Uncertainties occur in many of the steps of this chain of calculations,
vThese are. propagated through the calculations to the final estimate.
Quantities in the air pollution model which have appreciable uncertaiqties
include meteorological data, differences between wind patterns at the

power plant site and the point of meteorplogical measurement, frequéncy
distribution of inversion layer heights, air pollutant chemical‘regctions,
and the chemical reacfion rate constants. Similarly, in the health effects
calculation there are uncertainties regarding the distribution of pqpplation;
- future population estimates, assumed linear relationship betwéen‘mortaliuy N
increase and concentrations of a single pollutant, etc. A methodology'for

estimating the cumulative effect of these individual sources of uncertainty
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has been developed at Brookhaven National Laboratory11 and will be

applied in the f1na1 assessment of health effects

DISCUSSION OF RESULTS

The average air pollution pattern extends mostly}to the north and . : .°
‘east of the Power,plant”site. Appreciable amounts of sulfate are carried '
beyOnd_the sixty-kilometer boundaries shown on our air.pollutant maps. -
Since the air pollution transport model used in these simulations is
not suitable for making estimates of the long-range transport of squates, .
we confine our health effects analysis to the portions‘of Tehama. County o
and three?adjacent counties which are covered by -our air quality calcu-~
lations.' However, the: areas beyond'thev60—km limit that have signifi-:.. ="
cant sulfate concentration also have low population densities‘and would
not contribute substantially to the overall health effeéts(eStimates;

The cancer mortallty data dlsplayed in Table 11.2. are shown to . CTREE
permit comparison between the effects of increased coal use and other
mortality data, and to compare the rural area under discussion with
some urban areas of Califdrnia. 'For'this purpose“data-are'displayed
for the four counties under study—Butte, Glenn, ‘Shasta and- Tehama—- -
togetherIWith data on three urban California eountiesr—Alameda, Los
Angeles, and San Francisco. ' 3 ,

For mining, ‘the health effects and accidents are assumed to be
proportlonal to the amount of coal mined. Tables11:3 contains’ the
risk factors per m11110n tons of coal and the total effects per year
associated with the coal 'supply system for operation of an 800 MWe power
' plant ‘Transportation accidénts are assumed to betproportional to the.
trip miles incurred and are expressed in units of ‘aceidents per 10g ton-
miles. A hauling distance of 600 miles from Utah to California is
assumed. Accidents on back hauls of empty freight cars are not accounted
for. Most of the deaths from rail accidents result from collision between
trains and motor vehicles occurring at rail-highway crossings. These
estimates are based on a review of statistical data for recenthyears
and are applicable if future mining and transportation conditions are

similar to the average of the recent past.
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Table 11-2

Cancer Mortality Data for California Counties
' fcglifdfnié ‘ h"j"‘.Nbﬁ—whité | Whife o ﬁsn—whi;e "‘Wﬂitervv
ngnty :‘ vFemale Female Ea;g . _Eéli
"Total Cancer-Mortality ' ‘ v
Alameda 128 133 175 179
ﬁutte ‘ . 140 115 140 : 170
Glenn 170 110 260 160
Los Angeles 132 132 186 175
San’ Francisco R 119 150 176 212
Shasta' N 10 120 - 120 155
Tehama o 60 120 180 180

Lung, Trachea, § Bronchus
= ATkt B ———

39 41

Alameda 8 8

‘Butte. . 9 6 14 S |
Glenn ' - 7 34 ' 33
Los Angeles 7 8 40 . 41
San Francisco iO 8 39 47,.
Shasta -—— 6 7 42
Tehama . - 6 70 » 40

Annual age-adjusted cﬁncer mortality rates per 100,000 persons for 1950-
1969 (20-year average). Taken from National Cancer Institute county mory-
tality data.4 :

v
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Table 11-3

Quantitative Aspects of Health EfféétsAaﬁd'Accidehtsi’”

Associated with Operation of an 800. MW Coal-Fired

Power Plant Located in Southern Tehama County |

"Assumed :

Sulfur Content of Coal: 1 percent

Average Rail Haul: 600 miles per trip

Incidents - Incidents med
per Million er Year Location of
Tons of Coal PS¢ Occurrence
~ Air Pollution .
Estimated number of excess deatﬁs' 0.3 California
| Electricity Generating Plant
Operation .
" Accidental deaths® 0.02 0.04 . California
Accidental injuries® , 2.0 4.0 California
Coal Transport o
Rail accidental deaths 2.5% 3.1 “California
Rail accidental injuries 12.0* 15.0 '& elsewhere
Coal Processing Plants ' ,
Accidental deaths 0.02 _ 0.04 ~ Utah
Accidental injuries 1.3 2.7 Utah
Underground Coal Mining o
Occupational accidents - deaths 0.4 0.8 Utah
Occupational disease - deaths 0.1 - 2.0 0.2 - 4.0 Utah
Occupational disability - injuries 28.0 - 58.0 Utah
Amount of Coal: 2.06 million tons per year

* . 9 .
"per 107 ton-miles
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Table 11.3 showsnthat the expected number of fatalities per year
associaﬁed with various stages of this fuel cycle are: mining, 1-4.8;
coal transport, 3; and coal combustion, 0.3. Due to the large uncer-
tainties associated with these estimates, caution should be exercised in
the use of these numbers. However, these results suggest that the major
risks of increasedvmortality associated with operating such a power plant
occur in mining and coal transport. These risks are borne, to a large

extent, by persons living outside of California.

RS
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APPENDIX A

MODELS FOR ESTIMATING ECONOMIC - IMPACTS

ESTIMATION OF DIRECT IMPACTS

A California Energy Supply Model has been developed to estimate
the direct impacts* of construction and operation of.energy and related
transportation facilities. This model is based on the data developed
for the Energy Supply Planning Model by the Bechtel Corporation.1 .Datav
for nonconventional facilities were acquired and developed at LBL. |
The indirect economic impacts were estimatedluSing a California input-
output table. This table has 334 sectors, reflecting the California
interindustry structure for 1972. . ’

The California Energy Supply Model cénsists 6fiséQerél sub-
models, shown as circles in Fig; A;l. These submodels allow the
exploration of energy supply options to California. The hodé1 converts
a future fuel and electricity supply ﬁix into a yearly schedule Qf

electric generation, fuel‘prodUCtion, and‘transportation facilities. It

- also calculates the set of direct resources and pollutant emissions

associated with the consfruction and operation of these facilities for
eéach year. The sequence proceeds as follows: | v
Inputs: ' _ , _
® Annual schedules are spec1f1ed for i) gas demand S ii) oil
demand, iii) coal demand, 1v) electr1ca1 generating capacity,
and v) nonconventional energy supplyifgc1l;t1es.
'@ Gas and oil supply constraints and characteristics are also
‘ specified. . .

Calculations Performed'by Médel

¢ The computer program then calculates the necessary energy
facility,construétion schedules and the fuel flows required

for these facilities.

Direct impacts include all impacts arising directly out of the con-
struction and operation of any facility. Indirect impacts include
impacts due to other activities related to the construction and opera-
tion of that facility. For example, the manpower required to con-
struct a power plant would be a direct requirement whereas the manpower
required to make steel used in constructlng the power plant would be an
indirect requirement,
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Annual Schedules for
i) gas demand
ii) oil demand
i1ii) coal demand
iv) electrical generating capacity
v) nonconventional supply facilities

Prysical poromefters

Fuel
Mix

Generator

£Emission porometers

Output - fuel flows, by: Output - Energy facilities
schedules: Number of power
Type plants B related energy facility
Source requirements by : Process
Quontity Type - Facility
Year

Regional focation

Bridge
Yeor

Modo/ and

i Construction ond
regiono! splils

operation requiremen!

Outpu! - Emission,
by facility

. Resource
Regional >
. Requirements
Transportation
Facilities Generator

Generotor

Environmentol
Residuols
Generator

Transportation facility
schedule:

Type

Region

Year

Final Qutputs-
Materials, capital,

Finol Outputs-
Environmentol residuols,

manpower requirements, by:

by : Facitity type
Facility type . -
Region Region
Yeor Year

XBL763-52734A

Fig. A-1 California Energy Supply Model
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0 These fuel flows are then converted into transportation
facility schedules. ' “
Model Outputs

0 The program next calculates the capital, manpower and
equipment required to construct and operate these facili-
ties. ' ’ v '

® A separate program calculates the environmental pollutants
- emitted by these facilities. |

Output Format

® Finally the output from the two previous steps is reassembled -

and printed in a tabular and graphical format.

Fuel Chains and Input Data for the Model

Fuel and energy flows into California are shown schematically in
Fig. A-2, with basic facilities and the intérlinking fibws indicated.
These links represent both present and potential flows for ‘meeting
California energy requirements. Table A-1 lists these facilitieé and

the resources and manpower required for their construction and operation.

Gas Supply

Crude oil and natural gas form the bulk of energy supplied to
California. Natural gas for Califorﬁia_at present comes from California,
Texas, the Rocky Mountain States and Canada. As ekisting onshofé sources
are dépleted, additional gas supplies are expected to come from Alaska,
Indonesié and offshore wells. Table 3-7 shows a list of gas supply sources
and their expected production for each scenario. Imported natural gas
will be transported to California as liquefied natural gas (LNG) in
tankers. Alaskan gas, either from the North Slope or Cook Inlet, will
come to California either as LNG or by pipeline. Synthetic natural gas
(SNG) expected from the Rocky Mountain states will be transported by

pipeline.
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Cost and Manpower Data for Nominal Facilities

Table A-1

Facilities

CONSTRUCTION REQUIREMENTS

. ._.a
Nominal Size

(1974) dollars

Totai Costb

c
Manpower

iri million in 103

man-hours

OPERATION REQUIREMENTS

I.

10.
11.

12.
13.

14.

15.
16.
17.
18.

19.
20.
21.
22.
23.
24,

ENERGY FACILITIES

Onshore oil production
Offshore oil production
Low-gasoline refiner
Onshore oil import
Onshore gas production
Offshore gas production
LNG import terminal
Surface western coal mine
Surface uranium- mine
Uranium mill
LWR fuel fabrication
(no PU recycle)
0il-fired. power plant
Coal-fired power plant
(with.SOZ.removal)

Coal-fired power plant
(with fluidized bed
combustion)

Combined cycle power plant

Gas turbine power plant
Light water reactor.

Dam and hydroelectric
power plant

Pumped  storage -
Geothermal power plant
Solar power plant
Waste-fired pbwer plant
Active_solar heating
Wind turbine generator

Coal Gasification

250 bbl/day.

4000 bbl/day
200,000 bbl/day

1 x 10% bb1/day

3 x 10° £t3/day
50 X 106 fts/day
2.8 X 10% f£t3/day

6 x 10° sT/year
1200 ST/day

" 1000 ST/day

660 ST U/year

800 MWe
800 Mwe

800 Mwe

400 Mwe
133 ‘MWe
1100 Mwe

200 MWe

1000 MWe

200 MWe

100 MWe

133 MwWe .
2.1 x 1012BTU/season
4 MWe

250 X 106 £t3/day

5 94.
32 287
430 13,150
95 1,890
5 94
68 720
420 9,950
44 794
14 532
7 217
48 . 1,365
180 ' 4,400
340 7,700 .
340 7,700
66 1,320
17 ' 224
460 12,000

80. 2,385:
225 ... ' 6,430

120 ' 992
104 1,070
167 . 3,424
-234 ;7,960
2 17

750 - 20,698

Costd )
in million Manpower
(1974) dollars in mari-years
per year _per year
0.04 5
0.35 16
72.73 403
3.56 177
0.032 10
0.487 17
8.712 96
5.65 276
2.31 178
1.68 111
34.46 503
2.60 84
6.61 195
6.61 195
1.46 26
0.23 7
4.64 112
0.27. T12
0.56 25
0.74 83
11.20 --
20.00 300
6.203 375
0.06 -
7.50 590

-Go1-



Table A-1 (Continued)
Cost and Manpower Data for Nominal Facilities

CONSTRUCTION REQUIREMENTS

- OPERATION REQUIREMENTS

. ._.a b c COStd
Facilities Nominal Size Total Cost Manpower in million Manpower
in million in 103 (1974} dollars in man-years
(1974) dollars man-hours per year per year
II. TRANSPORTATION FACILITIES
1. Crude oil pipeline 800,000 bbl/day, 406 6,500 20.30 115
1000 miles
2. 0il tanker 90,000 DWT 32 -- 3.19 83
3. 0il tank truck 9500 gallons 0.07 - 0.02 2
4. Products pipeline 70,000 bbl/day,100 mi. 16 316 0.13 16
S. Hot oil pipeline 40,000 bbl/day,50 mi.. 13 212 0.18 13
6. Refined products bulk 69,000 bbl/day 7 120 0.05 13
station
7. uas pipeline 830 X 10% f£t3/day 430 6,500 14.811 139
LNG - tanker 2.6 X 106 ft3/day 100 . - 4.572 o1
Gas distribution facility 50 X 10% £t3/day 30 760 .589 82
10. Rail line 40 miles, single 12 289 0.17 18
N track
11. Coal train 10,500 ST [ - 0.85 30
12. Coal truck 25 ST 0 -- 0.02
13. 230 kV AC transmission 480 MWe,500 miles 95 2,430 0.03 4
] line
14, 345 kV AC transmission 960 MWe,500 miles 120 3,255 0.05 7
line
15, 500 kV AC transmission 2080 MWe,500 miles 188 4,555 0.07 9
line
16. Electricity distribution 131.6 MWe 41 1,100 0.27 23
17. Conventional rail 10,500 ST [ - 0.85 30
a. Unit Abbreviations: MWe - megawatts, electric; ST - short ton; DWT - dead weight ton
b. Excluding owners' cost. >
c. Manpower figures not included for non-stationary facilities.
d. Excluding labor and fuel costs. '

-991-
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The model simulates the flow of gas into and within California and
identifies the facilities required to produce and transport the natural
gas. For domestic flows the facilities included are onshore gas production
wells; offshore gas production wells, and gas pipelines. For .imported gas
the facilities are LNG import terminals and LNG tankers. Based on the
-estimated annual supply of natural gas to California, the model calculates -
the nominal numbers of each of these facilities required to provide the

gas.

0il Supply

Crude oil is available from onshore and offshore wells and from
imports. Onshore crude oil production in California is expectédfto
decline over the next 20 years, whereas California offshore production
is expected to peak in 1990. Additional o0il requirements would be met
by Alaskan oil and foreign imports. Crude oil supplf'sourCes and
quantities for the scenarios are shown in Table 3-5.‘Cfude"oilvis
assumed to form the onlylmajor input to the réfinerios. These refiner{
ies are assumed to produce trahsportation_fuels, perr plaht*fuels, aod -
feedstocks for industry. In the model, the fraction of different'types
of fuel produced can be varied to meet the necessary demand i.e., it is
implicitly assumed that ref1ner1es can change the product fraction to

meet the changes in demand for each type of fuel.

Gas and 011 Demand

The Callforn1a energy flow 51mulat10n process starts w1th the
lstlpulatlon of gas flows to Ca11forn1a and then proceeds to calculate
the flow of petroleum products If the demand for natural gas is in
excess of the available supplies, h1ghest priority users are sat1sf1ed
first. The unsat1sf1ed demand for natural gas is then met by 0il
sopplles. Thls demand for fuel oil along with transportatdon,_power

plant andcnon-fuelNdemandsldetermineﬂthe total crude oil reqUiréments
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in a given year. Power plant fuel requirements are calculated based on
the projected mix of power plants.

Supplies of natural gas, if less than total demand, are allocated
to different types of demands in the following order of priority:

i) Firm Gas Demand
ii) Interruptible Gas Demand
iii) Residential and Commercial 0il Demand
iv) Industry Fuel 0il Demand

The first two categories include the demands projected by the
California Public Utilities Commission for natural gas consumption in
the state. Categories iii) and iv) are the projected demands for oil
. which can be met by gas supplies. It is not clear whether available
projections for categories ii), iii) and iv) are entirely independent
of each other. As a first cut they are assumed to be independent,
subject to later revisions.

The combined annual demand for these four categories is expected
to exceed the natural gas supply available in a given year. The unsatis-
fied gas demand is then met by residual fuel oil. Demands for oil
supplies are categorized as follows:

i) Transportation
ii) Electricity Generation
{(a) Low sulfur heavy fuel_oil
(b) Distillate oil
iii) Industry Non-Fuel Demand
iv) Unsatisfied Gas Demand

Fuel requirements for power plants are based on the annual schedule
of power plants coming on-line by 2020. Distillate oil is consumed by
both gas turbine and combined cycle power plants. These power plants
are located in California only. Table A-2 shows the power plant and fuel
charactéristics assumed in the model. Category iv), unsatisfied gas
demand, is the excess demand for gas which is substituted for by oil
supplies. These four demands are converted from physical units to a
common unit of energy (BTU's) using conversion factors shown in Table A-3.
Crude o0il requirements (in barrels) are computed by conVertihg the total
BTU requirements determined above into barrels of oil required as input

to the refineries.
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Table A-2

Capacity

Thermal

Heat Content.

Power Plant Factor? Efficiency Fuel million BTU/Unit
0il 0.6 0.38 Low sulfur 6.287/bbl
Heavy fuel oil
Coal
Conventional 0.75 0.359 | Strip-mined 24/ton
Coal
Fluidized Bed 0.75 0.357 Strip-mined 24/ton
Coal
Nuclear 0.6 0.32 Enriched 2.5x10%/ton
(LWR) - uranium - of uranium
' ' .033 235y
.0025 tails
Combined Cycle 0.6 0.40 Distillate 5.88/bbl
oil’ )
Gas.Turbine 0.10 0.27 Distillate 5.88/bbl
' ' oil

a. Weighted averages of utility submissions to CERCDC. Annual capacity

factors used in the model vary from year to year based on utility sub-

missions.
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Table A-3

. a
Conversion Factors

Demand Types Million BTU/barrel

(i) Transportation Gasoline 5.253

(ii) Electricity Generation

(a) Residualb ' 6.287

(b) Distillate 5.880

(iii) Industry Non-Fuel Demand 5.506

(iv) Unsatisfied Gas Demandb 6.287

(v) Crude Petroleum . © 5.800
(vi) Natural Gas 1032 BTU/ft>

a. Knecht, R. L., and C. W. Bullard, "Direct Energy Use
in the U. S. Economy, 1971", Center for Advanced
Computation, University of Illinois at Urbana-Champaign,
Report no. CAC-43, April 1975. )

*b. CERCDC Quarterly Fuel and Energy Summary, Vol.l, No.4.

-
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Coal

Coal-burning power plants may be located in California and the
Southern Mountain Region (consisting of the states of Arizona, Colorado,
Nevada, New Mexico and Utah). Power plants at both locations are assumed
to burn the same type of strip-mined coal; all of which is mined in the
Southern Mountain Region. Coal is transported via conventional or unit
trains and coal trucks from the coal mines directly to'the power plants.
The fuel chain includes two categories of energy facilities: coal mines

and coal-burning power plants; and four types of transportation facilities:

unit trains, conventional trains, coal trucks and fixed railroad facilities.

The model calculates the amount of coal mined to meet the require-
ments of the coal-burning power plants in the two regions. We have used
an average heat content of 12,000 BTU/lB for,codl found in the Southern
Mountain Region. This comes frbmvan aéseésment of the coal reserve base
for the Southern Mountain Region, weighted by the mean heat céntent,of
each coal type. Based on this analysis we assuMe an average value of
ten percent for the ash content and 1.0 percent fof‘the sulfur content
for coal in this region. These data are corroborated by a recent U.S.
Geological Survey study2 of remaining identified coal resources in the

;

U.S. from which one obtains a similar heat content.

‘Uranium

Light water reactofs_are the only facilities in the model that
use uranium as a fuel. The reactors supplying electricity to California

are located in California and the Southern Mountain Region. The fuel

chain begins with uranium mining and milling activities, which are

assumed to occur in the Southern Mountain Regioh'only. Further pro-
cessing of uranium ore, except for fuel fabrication, is assumed to
occur in states other than California and the Southern Méuntain Region
and no resource requirements are calculated forvthqsevfacilities. Fuel

fabrication facilities are located in California ohlyvif the féquire-

ments exceed 20 percent of the nominal size of the fabrication:facility;

otherwise this facility is assumed to be located outside the two regions
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under consideration. Uranium transportation is not included as the
quantities were deemed too small to make a significant change in the
impacts under consideration.

The model calculates the amount of uranium mined in the Southern
Mountain Region and the amount of uranium fuel required by the power
plants. These fuel requirements are based upon 3.3 percent enrichment
in 235y; 0.25 percent 235U in the enrichment tails; an average thermal
specific power of 30 MW/metric ton of uranium fuel; and an uranium ore
concentration of 0.15 percent.

No uranium or plutonium recycling is assumed, so that fuel require-
ments are based on flows through the reactor; therefore, our calculations
set an upper limit on the amount of uranium needed. If uranium and plu-
tonium are recycled, the amount of uranium to be mined could be less
by as much as 30 percent. Since there is presently considerable
unéertainty regarding fuel reprocessing and waste storage, these facili-
ties are not specifically included in the model.

The operation of fuel chains is simulated in the fuel mix generator
(éee Fig. A-1)}. This program also accepts all the input data outlined
earlier along with relevant data on each type of nominal facility. Based
on this information, the program then calculates:

@ Annual fuel flows by type, source and quantity, and

® the energy facilities' schedules, which specify the number

of nominal power plants and related nominal energy facility
requirements by type, regional location and year.

The fuel flows are then used to determine the types and sites of
nominal transportation facilities required to meet the demand for fuels.
Fuel flows include transmission of electricity.

Having determined the number of nominal energy and transportation
facilities that need to be constructed, the program next calculates
the manpower, capital and materials resources required to construct
and operate these facilities. These resources are computed for each
region and for each year until 2000. Tables A-4 and A-5 show the
detailed list of resources included in the model. Data for these
resources were acquired from the Energy Supply Planning Model.1 The

capital resources serve as a final demand vector which stimulates
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-~ Table A-4
California Energy Supply Model

Construction Resource Requircments

— ’ )
D W 0~ O U BN T

et b
L1 T —

= b b
~1 N O b

T R e —
I = OO o

R3S I OO B AN I 0 )
U B G b

B

28

Manpower in Thousands of Man hours

Chemical Engineers
Civil Engineers
Electrical Engineers
Mcchanical Engineers
Mining Engineers
Nuclear Engineers
Geological Engineers
Petroleum Engineers
Other Engineers
Total Engineers
Total Designers & Draftsmen
Total Supervisors § Managers
Total Technical .
Total Nontechnical (Nonmanual)
Pipefitters
Pipefitter/Welders
Electricians
Boilermakers :
Boilermakers/Welders
Iron Workers '
Carpenters
Operating Engineers
Other Major Skills
Total Major Skills
Other Craftsmen
Total Craftsmen
Total Teamsters & Laborers
Manpower Total
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Table A-4 (Continued)

29
30
31
32
33
34
35
36
37
38

39 -

40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55

Materials

Refined Products (Tons)

Cement (Tons)

Ready Mixed Concrete (Tons)

Pipe & Tubing (Less than 24" D) (Tons)
Pipe § Tubing (24" D § Greater) (Tons)
0il Country Tubular Goods (Tons)
Steel Forgings(Tons)

ITron & Steel Castings (Tons)
Structural Steel (Tons)

Rebar (Tons)

Valves (24" D § Greater) (Items)
Valves (24" D § Greater)(Tons)

Steam Turbogenerator Sets (1000 HP)
Steam Turbines W/0 Generators (1000 HP)
Gas Turbogenerator Sets {1000 HP)

Gas Turbines W/0 Generators (1000 HP)
Draglines (Cubic Yards)

Draglines (Tons)

Drill Rigs (Item-Years)

Pumps § Drives (100 HP)(Items)

Pumps & Drives (100 HP) (Tons)
Compressors § Drives (1000 HP) (Items)
Compressors § Drives (1000 HP} (Tons)
Heat Exchangers (1000 Sq Ft Surface)
Pressure Vessels (1.'" Plate)(Tons)
Boilers (106 BTU/hr)

Nuclear Steam Supply Systems (GWe)
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Table A-4 (Continued)

50
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78

Construction Costs in Million (1974) Dollars

*

Wood Products (20) v
Chemicals & Allied Products (27,28,30,32)
Petroleum Products (31)
Stone § Clay Products (36)
Primary Iron & Steel Products (37)
Primary Nonferrous Metals (38)
Fabricated Structural Products (40)
Other Fabricated Products (42)

Materials Subtotal
HVAC Heating & Cooling Units (52)
HVAC Ductwork & Accessories (40)
Turbines (43) P
Construction, Mining & 0il Field Eqp (45)
Gas Welding Sets & Metalworking Eqp (47)
Electric Welding Sets (53)
Materials Handling Equipment (46)
General Industry Equipment (49) -
Instrumentatien & Controls (62)
Electrical Equipment (53)
Fabricated Plate Products (40)

“Miscellaneous.(1-68, Except Above)

Equipment Subtotal
Construction Capital Cost Total

*

Figures in parentheses are BEA input-output sector numbers.
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Table A-5
California Energy Supply Model

Operation Resource Requirements

— —
(il el Volie - BN B e N7 I S S I S R

—
o N

T
~N oy

18
19

-
L

21
22
23
24
25
26
27
28
29
30
31

32

Manpower in Man-ycars

Chemical Engineers
Civil Engineers
Electrical Engineers
Mechanical Engineers
Mining Engineers
Nuclear Engineers
Geological Enginecers
Petroleum Engineers
Other Engineers
Total Engineers
Total Designers & Drattsmen
Total Supervisors & Managers
Total Other Technical
Total Technical
Total Nontechnical (Nonmanual)
Pipefitters .
Pipefitter/Welders
Electricians
Boilermakers
Boilermakers/Welders
Iron Workers
Carpenters
Equipment Operators
Other Operators
Underground Miners
Welders, Unclassified
Other Major Skills
Total Major Skills
Other Craftsmen
Total Craftsmen
Total Teamsters & Laborers
Manpower Total
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Coal

Coal-burning power plants may be located in California and the
Southern Mountain Region (consisting of the states of Arizona, Colorado,
Nevada, New Mexico and Utah). Power plants at both locations are assumed
to burn the same type of strip-mined coal, all of which is mined in the
Southern Mountain Region. Coal is transported via conventional or unit
trains and coal trucks from the coal mines directly to the power plants.
The fuel chain includes two categories of energy facilities: coal mines
and coal-burning power plants; and four types of transportation facilities:
unit trains, conventional trains, coal trucks and fixed railroad facilities.

The model calculates the amount of coal mined to meet the require-
ments of the coal-burning power plants in the two regions. We have used
an average heat content of 12,000 BTU/1b for coal found in the Southern
Mountain Region. This comes from an assessment of the coal reserve base
for the Southern Mountain Region, weighted by the mean heat content of
each coal type. Based on this analysis we assume an average value of
ten percent for the ash content and 1.0 percent for the sulfur content
for coal in this region. These data are corroborated by a recent U.S.
Geological Survey study2 of remaining identified coal resources in the

U.S. from which one obtains a similar heat content.

‘Uranium

Light water reactors are the only facilities in the model that
use uranium as a fuel. The reactors supplyiﬁg electricity to California
are located in California and the Southern Mountain Region. The fuel
chain begins with uranium mining and milling activities, which are
assumed to occur in the Southern Mountain Region only. Further pro-
cessing of uranium ore, except for fuel fabrication, is assqmed to
pccur in states other than California and the Southern Mountain Region
and no resource requirements are calculated for these facilities. Fuel
fabrication facilities are located in California only if the fequiré—
ments exceed 20 percent of the nominal size of the fabrication facility;

otherwise this facility is assumed to be located outside the two regions
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under consideration. Uranium transportation is not included as the
quantities were deemed too small to make a significant change in the
impacts under consideration.

The model calculates the amount of uranium mined in the Southern
Mountain Region and the amount of uranium fuel required by the power
plants. These fuel requirements are based upon 3.3 percent enrichment
in 235y; 0.25 percent 235U in the enrichment tails; an average thermal
specific power of 30 MW/metric ton of uranium fuel; and an uranium ore
concentration of 0.15 percent.

No uranium or plutonium recycling is assumed, so that fuel require-
ments are based on flows through the reactor; therefore, our calculations
set an upper limit on the amount of uranium needed. If uranium and plu-
tonium are recycled, the amount of uranium to be mined could be less
by as much as 30 percent. Since there is presently considerable
uncertainty regarding fuel reprocessing and waste storage, these facili-
ties are not specifically included in the model.

The operation of fuel chains is simulated in the fuel mix generator
(éee Fig. A-1). This program also accepts all the input data outlined
earlier along with relevant data on each type of nominal facility. Based
on this information, the program then calculates:

® Annual fuel flows by type, source and quantity, and

® the energy facilities' schedules, which specify the number

of nominal power plants and related nominal energy facility
requirements by type, regional location and year.

The fuel flows are then used to determine the types and sites of
nominal transportation facilities required to meet the demand for fuels.
Fuel flows include transmission of electricity.

Having determined the number of nominal energy and transportation
facilities that need to be constructed, the program next calculates
the manpower, capital and materials resources required to construct
and operate these facilities. These resources are computed for each
region and for each year until 2000. Tables A-4 and A-5 show the
detailed list of resources included in the model. Data for these
resources were acquired from the Energy Supply Planning Model.1 The

capital resources serve as a final demand vector which stimulates
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Table A-4
California Energy Supply Model

Construction Resource Requircments

W oo~ UG 1D e

28

Manpower in Thousands of Man hours

Chemical Engineers
Civil Engineers
Electrical Engineers
Mcchanical Engineers
Mining Engineers
Nuclear Engineers
Geological Engineers
Petroleum Engineers
Other Engineers
Total Engineers
Total Designers § Draftsmen
Total Supervisors & Managers
Total Technical
Total Nontechnical (Nonmanual)
Pipefitters
Pipefitter/Welders
Electricians °
Boilermakers
Boilermakers/Welders
Iron Workers
Carpenters
Operating Engineers
Other Major Skills
Total Major Skills
Other Craftsmen
Total Craftsmen
Total Teamsters § Laborers
Manpower Total
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Table A-4 (Continued)

29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
19
50
51
52
53
54
55

Materials

Refined Products (Tons)

Cement (Tons)

Ready Mixed Concrete (Tons)

Pipe § Tubing (Less than 24" D) (Tons)
Pipe § Tubing (24" D & Greater) (Tons)
0i1 Country Tubular Goods (Tons)
Steel Forgings(Tons)

ITron & Steel Castings (Tons)
Structural Steel (Tons)

Rebar (Tons)

Valves (24" D §&§ Greater) (Items)
Valves (24" D & Greater)(Tons)

Steam Turbogenerator Sets (1000 HP)
Steam Turbines W/0 Generators (1000 HDP)
Gas Turbogenerator Sets (1000 HP)

Gas Turbines W/0 Generators (1000 HP)
Draglines (Cubic Yards)

Draglines (Tons)

Drill Rigs (Item-Years)

Pumps & Drives (100 HP) (Items)

Pumps & Drives (100 HP) (Tons)
Compressors & Drives (1000 HP)(Items)
Compressors § Drives (1000 HP) (Tons)
Heat Exchangers (1000 Sq Ft Surface)
Pressure Vessels (14" Plate) (Tons)
Boilers (109 BTU/hr)

Nuclear Steam Supply Systems (GWe)
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Table A-4 (Continued)

56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78

Construction Costs in Million (1974) Dollars

*
Wood Products (20)
Chemicals § Allied Products (27,28,30,32)
Petroleum Products (31)
Stone § Clay Products (36)
Primary Iron § Steel Products (37)

- Primary Nonferrous Metals (38)

Fabricated Structural Products (40)

Other Fabricated Products (42)
Materials Subtotal

HVAC Heating & Cooling Units (52)

HVAC Ductwork § Accessories (40)

Turbines (43)

Construction, Mining &§ 0il Field Eqp (45)

Gas Welding Sets & Metalworking Eqp (47)

Electric Welding Sets (53)

Materials Handling Equipment (46)

General Industry Equipment (49)

Instrumentatien § Controls (62)

Electrical Equipment (53)

Fabricated Plate Products (40)

“Miscellaneous . (1-68, Except Above)

Equipment Subtotal
Construction Capital Cost Total

*

Figures in parentheses are BEA input-output sector numbers.
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Table A-5
California Energy Supply Model

Operation Resource Requirements 1

((oTNo - TN Bte WV, I SN O N 0O 0

Manpower in Man-yeuars

Chemical Engineers
Civil Engineers
Electrical Engineers
Mechanical Engineers
Mining Engineers
Nuclear Engineers
Geological Engineers
Petroleum Engineers
Other Engineers
Total Engineers
Total Designers & Drattsmen
Total Supervisors & Managers
Total-Other Technical
Total Technical
Total Nontechnical (Nonmanual)
Pipefitters .
Pipefitter/Welders
Electricians
Boilermakers
Boilermakers/Welders
Iron Workers
Carpenters
Equipment Operators
Other Operators
Underground Miners
Welders, Unclassified
Other Major Skills
Total Major Skills
Other Craftsmen
Total Craftsmen
Total Teamsters & Laborers
Manpower Total
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Table A-5 (Continued)

Operating Costs in Million (1974) Dollars

* *
33 Lumber & Wood Products (20,21)
34 Paper & Paper Products (24-26)
35 Chemicals § Allied Materials (27-32)
36 Stone, Clay & Glass Products (35,36)
37 ’ Nonferrous Metals (38)
38 Metal Products (39-42)
39 Miscellaneous
40 Total Materials § Supplies
41 Nonelectrical Machinery (43-50,52)
42 Electrical Equipment (53-58)
43 Transportation Equipment (59-61)
44 Instruments & Controls (62,63)
45 Miscellaneous (64)
46 Total Equipment
47 Fuel (Heat) (068)
48 Electricity (68)
49 Water (68)
50 Total Utildities

* .
Figures in parentheses are BEA input-output sector numbers.
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indirect production in the California and U.S. economies. The estimations
of these indirect impacts in California using an input-output table for

state is described in the next section.

ESTIMATION OF INDIRECT ECONOMIC IMPACTS

The indirect economic impacts due to a change in final demand can
be estimated using an input-output table. (Final Demand is the consump-
tion by ultimate consumers such as households, government, exports, and
capital formation.) In an input-output table the economy is broken up
into sectors such as coal mining, automobile manufacturing, or retail
trade. Each element in the table is the dollar purchases during one year
by one sector of the output of another sector. Reading across the rows
shows the sales of a given commodity to all sectors including final
demand. Reading down a column shows all the inputs to a given sector
including value added which represents payments to the factor of produc-
tion (land, labor, capital, etc.). °‘The sum of all the elements in a
column is called the gross output of that sector. If each element in the
column is divided by the gross output, the resulting vector of technical
coefficients shows the inputs from each sector needed to produce one
dollar's worth of output in that sector. Insofar as these technical
coefficients do not change significantly over the time period of this
study, an input-output table can be used to calculate the changes in
gross output due to a change in final demand.

To do this, the table is first converted into the direct require-
ments matrix A by dividing each column by the gross output in that
sector. The Leontief inverse (I-A)_1 is computed and postmultiplied
by the change in the final demand vector AY to give the change in

gross output:
X = (I-A)71 - av. (A-1) )

The change in value added and employment in each sector is assumed to
be proportional to the change in gross output in that sector.
AV, = v, AX.
i i1
(A-2)
AE. = e.AX.
i
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The coefficients vy and e are the value added and employment in
sector i divided by the sectoral gross output from the I-0O table.

To calculate the indirect impacts a preliminary version of the
368-Sector California Input-Output Table being developed by LBL for ERDA
has been used. The California table is based on the technical coefficients
derived by updating the 1967 national table to 1972.3 For convenience we
aggregated the California table to 87 sectors deleting those-sectors which
do not exist in the state at the 368-sector level. At the 87-sector
level the missing sectors are Coal Mining and Tobacco Manufacturing.

The table does not include the special industries that are used by BEA
for accounting purposes. The Leontief inverse was calculated for the
remaining 79 productive sectors. The calculation of indirect impacts

is done in constant 1972 dollars, then inflated to 1974 dollars.

Construction of Final Demand Vectors

The steps in construction the final demand vectors from the direct
requirements calculated by the Energy Supply Model are shown schematically
in Fig. A-3. The model gives the construction requirements from 1974 to
2020 for the twenty categories of materials and equipment listed in
Table A-4. A total capital cost is also given. All these data are
expressed in purchaser's prices in third quarter 1974 dollars. The first
step is to aggregate these requirements to five-year intervals starting
with 1976 and to deflate the data to constant 1972 dollars. This was

done using deflators obtained from CAC and the Survey of Current Business.

Of the twenty requirements categories only six correspond to the
BEA 368-sector classification; the rest correspond to two-digit or groups
of two-digit codes. Because data were available at the 368-sector level
on the transportation costs and trade margins needed to convert purchaser's
prices to producer prices, we decided to disaggregate the requirements to
368 sectors. The proportions used to disaggregate the requirements were
derived in the following manner. A representative final demand vector
was constructed by adding the columns from the 1972 national I-O table
for 1) new construction of non-residential buildings; 2} new construction
of public utilities; and 3) gross private capital formation excluding the

five new construction rows. This 368-order final demand vector is an

4,5

};‘;
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approximation to the requirements for both structures and equipment needed
in constructing energy facilities. The requirements calculated by the
model were disaggregated according to these proportions. Transportation
costs and trade margins4’6 were subtracted from each producing sector

and assigned to the appropriate transportation or trade sector. The
remaining construction costs not included in the twenty requirements
categories were allocated to the service and government sectors, imports
and valued added, in proportion to the two construction sectors contained

in the representative final demand vector.

Changes in Gross Output, Value Added and Employment

The interpretation of the indirect impacts depends on the method
of constructing the California input-output table. The table we use
is constructed as follows. Each column of the 368-sector national table
is divided by the corresponding national gross output. This gives a
set of national coefficients which are multiplied by the state gross
outputs giving the columns of the state table. The resulting California
table has 334 producing sectors. The final demand columns for personal
consumption expenditures, capital formation and government purchases are
appended. The rows of the table are permuted so that these 334 sectors
are first. The remaining rows represent imports by each sector. The’
rows are then summed to get the total consumption by sector within the
state. Finally, a sector-by-sector net trade balance is calculated by
subtracting the consumption from the production. If the difference is
positive, it is assumed to represent the value of the exports; if the
difference is negative, it represents imports. For those sectors in
which the production is. less than consumption, each element of the row
is multiplied by the production to consumption ratio. This assumes
that all consuming sectors import this good in the same proportion.
The resulting table is thus a domestic flow table for the state, i.e.,
each element represents the purchase by a consuming sector in the state
of the output of a producing sector in the state.

The electric utilities were handled as a special case because the

mix of generating capacity in California is substantially different from



-182-

the national mix. The general procedure is to disaggregate thé electric
utilities sector into several columns which represent generation by each
of the technologies. The columns are expressed as coefficients by dividing
each element by the column sum. A new electric utilities column is
constructed by combining these coefficient columns weighted by the pro-
portion of electricity generated in California by each new technology.

This column, which represents the inputs required for generating elec-
tricity in California, is used in place of the national electric utilities
column in constructing the California table.

The first step in carrying out this procedure is to combine the
private, federal, and state and local utilities sectors of the 1972
national table into one sector. Five new columns representing electricity
generation from coal, oil, gas, hydro and nuclear power were constructed.
All the coal purchased by the electric utilities plus the transportation
costs and trade margins were assigned to the coal generating column.
Similarly, petroleum products were assigned to oil generation and natural
gas from utilities to gas generation. The purchases of inorganic chemi-
cals, which includes nuclear fuels, by the nuclear generating sector had
to be increased by $95 million to match the technical coefficients
published by the Mitre Corporation..7 It is reasonable to expect the
amount of inorganic cheémicals to be low in the 1972 national table
because it is an update of the 1967 table when there was little nuclear
power generated. There are no fuel inputs to the hydroelectric sector.
The remaining inputs, except inter-utility sales, are disaggregated in
proportion to the amount of electric energy produced by each of the
five technologies. Additional columns for new generating technologies
may be constructed in a similar manner using data from the Mitre Corpora-
tion.'7

Before calculating the Leontief inverse, the 334 producing sectors
were aggregated to the 87-sector level. The final demand vectors were
aggregated to this level omitting those sectors which have no gross
output in the state. To calculate the employment coefficients the
368-sector California persons employed data8 were similarly aggregated

- and then divided by the corresponding gross outputs.

\.'\I
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The change in gross output X was calculated using Eq. A-1.

Using this gross output vector in Eq. A-2, we calculate the indirect
changes in employment and value added. The output and value added

results are inflated to 1974 dollars using output deflators obtained
from BEA.9
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APPENDIX B

SHORT-RANGE AIR QUALITY MODEL

The model we have employed for estimating annual average concen-
trations of airborne pollutants at distances out to approximately 60 km
from a coal facility is an existing code developed at Lawrence Livermore
Laboratory by Ermak and Nyholm. The model, the major features of which
have been described elsewhere (Ref. 1), is a climatological dispersion
model, similar to the EPA model.2 The essential features are the use
of a Gaussian plume concept for the vertical dispersion of pollutants.
The wind velocity is assumed to be constant in magnitude and direction
and uniform vertically. The emission rates are assumed to.be constant
over a period of time greater than or equal to the travel time from the
source to the receptor furthest away (i.e., 50-60 km).

The horizontal dispersion uses a narrow plume approximation, using
16 directional sectors. The pollutants are distributed into these
sectors according to the relative fréquency of wind direction. These
climatological data—obtained as a joint frequency distribution of wind
speed, direction and Pasquill stability class—are available from the
National Climatological Center for many locations in California.

The Gaussian plume concept has been modified to account for chemical
transformation, surface deposition and inversion layers. The first of
these uses first-order chemical kinetics to allow for conversion from one
chemical species to another (e.g. 802 to SO4) in the plume. The formulae
incorporating this change into the model are straightforward for trans-

forming species 1, with mass concentration C, into species 2, with mass

concentration C2: '
iEl— = -k.C (B-1)
dt 171
where k1 is the effective rate constant for the process. This is then
used to modify the emission rate, Ql’ for species 1, resulting in Q1
(effective):

Q (eff) = Q exp(k, ) (B-2)



-186-

and to give an effective emission rate for species 2:
= - x X -
Q,(eff) = Ql[l exp(-k, )] (B-3)

where x 1is the downwind distance at which the concentration is to be
evaluated, and U 1is the wind speed.

The second modification treats surface deposition of the pollutant
using the source depletion approach. This approach essentially treats
ground deposition as a perturbation to the Gaussian plume dispersion
model. The shape of the vertical plume profile is assumed to be unaltered
by the dispersion process and the constant source strength is replaced by
a virtual source strength which decreases with downwind distance. The
virtual source strength is derived from an integral form of the continu-
ity equation and the assumption that the deposition rate is proportional
to the pollutant air concentration at ground level. The resultant

equation for the virtual source strength is

dQ(x) AR -z,
i (;) oGy Pl (B-4)
z 20Z (x)
where
Vd = deposition velocity
oz(x) = vertical Gaussian plume dispersion parameter
Q(x) = virtual source strength as a function of downwind
distance x
ZO = plume height

The solution is

' LY X 7 2
QO = Q) exp{-(—ﬁ-) —3[ s exp | ——

The plume diminishes exponentially with downwind distance while retaining

the original plume shape. ‘
When there is also chemical transformation, the deposition equation

for the second pollutant is slightly different. Assuming first-order -

chemical kinetics, the virtual source strength equation is
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\' 2 .
. 1 _ -

5 - '<g)2——d2 exp | 0 [q - L T [Q, - Q]

dx m Uoz(x) 2022 ) U [ e-klx/u] 2 1

(B-6)
where'

Vd = deposition rate for species 2

5 .

Q2 = virtual source strength for species 2

Q1 = virtual source strength for species 1

The inversion layer is treated following a method described in
Ref. 4. Essentially, the plume is ''trapped' between a perfectly
reflective inversion layer 'cap'" and the ground surface which is absorp-
tive, as we have just described. The model uses a constant inversion
layer height, which generally is selected to be the average annual height.

The model has several overall limitations that should be recognized.
It assumes flat terrain; hence, care must be taken in areas where the
surface features are not flat. Secondly, the model assumes no precipi-
tation scavenging or gravitational interaction. The former could be
important for chemical species such as SOZ’ while the latter would affect
total suspended particulate concentrations. Finally, we have used the
model with annual average climatological data, which may tend tb obscure
important, shorter time-duration effects. Data for other time periods
may be used with this model, such as monthly or quarterly average data,

or even hour-by-hour simulations are possible.



-188-

REFERENCES

1.

D. Ermak, An Analytical Model for Air Pollution Transport and

Deposition from a Point Source, Lawrence Livermore Laboratory,
UCRL-78166, April 1976. '

Environmental Protection Agency, Users Guide for Climatological
Dispersion Model, National Environmental Research Center, EPA, Research

Triangle Park, N.C., December 1973.

Pasquill, Atmospheric Diffusion, New York: Von Nostrand, 1962, pp. 231-
235,

D.B. Turner, Workbook of Atmoshperic Disturbance Estimétes, U.S.
Department of Health, Education and Welfare, 1970.

“ 4



)

This report was done with support from the Department of Energy.
Any conclusions or opinions expressed in this report represent solely
those of the author(s) and not necessarily those of The Regents of the
University of California, the Lawrence Berkeley Laboratory or the
Department of Energy.




TECHNICAL INFORMATION DEPARTMENT
LAWRENCE BERKELEY LABORATORY
UNIVERSITY OF CALIFORNIA
BERKELEY, CALIFORNIA 94720





