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ANALYSIS OF F ROJECT BCONOMY (INITIAL DEVELOPUENT )

Besis of Analysis. The ratic of tho value of total estimated bene-
fits to total estimated costs will be used Lo measure the economic feasi-
bility of this project. In the analysis, two principal comparisons of
benefits to gogbs will be considsred:

&, Direct cash benefits (revenues) to totel costs. The bene-
fits considersd under this heading will include only revenues
from water and power sales. It 1s not considersd mandatory
thet the totel of these cash benefits should excesd the total
costs, but if it is shown that the project will pay for it-
self on & cash basis alone, there should be no doudbt regard-
ingy its economic desirability.

b Tobal tangible benefits To total comts. In eddition to the
eash benefits menbioned abovs, other tengible but non-income
producing bensfits will be comsidered under this headings
These will include navigation, flood control, and salinity
sontrol benefits, and the value of preserving or enhancing
exisbing lend and industrial values. The total of all thess
tangible bensfits should be well in excess of the total
project costs if the project is to be considered sconomically
feasible,

If the project proves economical when measured by the value of these
tangible benefits, the additional value of numerous inbangible or uncome
putable benefits not directly considered will further incrsase %the value
of the preoject and make it all the more desirable.

Originelly Proposed Method of Financing., It was originally proposed
that funds for the construction of the project be obtained through grent
end loan from the Government. & grant based on 30 percent of the esbimated
total cost of labor and material, or approximately $36,767,000 wes re-
quested as & part of the public works program provided for in the Hational
Industriel Kecovery Aet. A loan of the remaining $132,885,000 was re-
gussted to complete the construction work. It was proposed to secure the
lcan by the issuance of bonds which were to be a first eand direct chargs
and liem upon 2ll revenuss and incomes derived from cperation of the project.

The State contended that the Federal Governmsnut would be justified in
furnishing financial sssistence to the project as follows:

8. A direct conbribution without payment of interest
and without repsyment of prineipal for navigation
iwprovement to the Sacramento Kiver. $15,000,000

bs A direct conbribution without payment of interest
gnd without repayment of principal to Sacramento
Fiood Control Project. S ,000,000
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¢, A direct contribution without payment of intersst
and without repayment of prinecipel for flocod con~
trel valus to the lands along San Josguin River. § 600,000

do A loan of $85,500,000 of non~-interest bearing
funds reimbursable in forty squal amnual payments
to pay the cest of the irrigation fsatures. Assum-
ing en inberest rate of Swlfﬁ percent per annum,
the loen on these berms would be egquivalent to an
jmmadiate direct contribution of 30,500,000

8, A losn to pay the cost of power features, based
on an inberest rate of 4 percent per annum and
repayment of principal in £ifty years.

The sum of the proposed justifiable direct contributions listed sbove is
$49,100,000, or $12,335,000 larger than the proposed grent of 36,787,000
roquested on the basis of 30 percent of the cost of lsbor and materisl.
Therefore, it may be seen that the reguesgt to the Federsl Govermment for
a grant of 30 perecent of the cost of labor and material and a loan &t &
percent interest was reescnable in esccerdance with well established
governmeontal policies and precedents relatlvs to navigation, flood con-
trol, irrigetion and power. o

However, these reguests were not granted, and the Central Velley

project now stands as a 100 pereent Federal Reclamation undertaking under
the supervision of thes Buresu of Heclametion.

Cogts and Annusl Expensesg.

Construction Costg. The estimated consbruction costs of the
mejor features of the initiali piaen are taken from the originel State
Eongineer's plan as cutlined in the Amended Applicatiocn for (ranbt and Loan,
dated January 286, 1834, Several changes from thiz plen ars being made in
the project actually under construoction. These changes are described
under the previous seotion on Method of Developmenb=-Initiel Plan. Esti=

metes of the cost of the structures esctually belng built are not availsbls.

I% ie essumed in this analysis, however, that the changes in plan were

; oceasioned by equal or greater uitimate economy, and thal if the cosits are
| greater than those estimated for the original plan, the benefits will like-
‘wise be proportionately greater.

Table 2 shows & summary of the esbimated sosts of the major feabtures
of the initial development.

Annual DExpenses. Annuel costs on the works of ths Cenirsl
Yalley projest include inberest and awmortization om bonds, deprecliatlion,
and operotion snd meintenance.

It is understood that under the actual method of finanecing the proje
ect no interest will be charged on the portion of the cost allcoated to



irrigation. However, in investigating the osonom
tprojeet, it is assumed in this study thalt reasona

the full constructlon coelt should be included in
sidered, rs : 1z of whobther or not these cherg
snbirety by the p@ﬁ le of uallfavniﬁn Any portion of
peid by the direct beselisiaries of the projest merely
fﬂﬂb&iéy to the project. Interest ¢ n&rg@s of 3 percent

| therafore bs includsd for the toutel o
that this aseuwmed rete of intersst
the Govermment for borrowing money

In somputing the amnual ianbsrest cosbs, 1t 8
asapl al cogt of the projeet will be smortized over a i
at a rate proportional to that proposed in the Blate’
%i@ﬁﬂ of January £5, 1834. This results in
charge of 1.65 percent of the cepi ﬁai cgstg although the
ygjmenta would vary from year to ye It 1t were assumed
ot would be pmortized in (53 y&ars at sreasing annual rs
the tobal snnual peyment of prineipal plus interest would be ¢
average ianterest charge would be 1.80 percent per amnum
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Interest on expenditures, except for wmbter rights end peneral expense,
o ©

dur¢ng the const rus%;eh,vﬂrlﬁﬁ heve been zdded to the capital cost. and

are shown in Teble 9.

It is understood that cerdain di?e@t aontributions for flood ﬁ?ﬁ**@}
aand navigation arg being rmmde to the vroject by the Government
the remeining cost will be paid back to the Govermment over a
period. However, 1%t iz not @ansids;@é equitable in this study to teke
advantage of any éireet contribubions, and an allowance for amortization
of the enbire cost iz therefore imcluded in the estimsted snnuasl charges.
however, since interests aund smortization charses congldered are in sxcess
of thesgs actually being psid, ths length of tine assumed for emortizabion
of the total project cost was extended froam 40 to B3 years. In compubing
the snmial amortizeticon charges, the rate of smortization is taken pro-

i Aopliesticn.” This
r
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portional to that proposed in the State’s “Ame FQ é
rggulbs in an avorage smortization charpge of &jﬁu or 1.8% pe
czpibtal cost per annum.

Cortain units of the project will wear out
reguire replacemsnt. Heplasesment of soms e
the ican for their ecounstructlion has bheen fully ameo
fund for the replacement of each unit at the end of
amount for devreciabtion, which has been czleulated on
fund basls, has been ineluded in the gemisnnmusl or annuel
;abla 10. These charges are as included in the

ion® of Jenuary 25, 1934,

estimated annual
A}

@
ydect ars showa in Ta
on and mainbansnce




TABLE 9

U AN

*SUMMARY BSTIMATE OF CAPITAL COST

(1) ey . (3) (L) {5) (6} (7)
Cost of ilegal Admin-  Interest
Unit Preliminary Land and Construction Engineering istrative & During Total
Expense Right of Charges Other Over~ Construe=- Cost
~ Ways head Charges tion

Shaste Dam axd reservoir $ee5,900  $2,5h0,L00 & Lo, hes,900 §1,807,600 $2,185.h00  §5,312,100 § 61,799,300
Shaste powsr plant 52,700 - 12,114,900 579,400 L21,L00 1,307,200  1h,475,600
Fenswick dem and afterbay 19,200 15,000 1,752,500 61,900 85,100 103%,300 2,037,500
Kenswick power plant 19,000 - L, 366,300 208,800 151,200 2Lty Loo 5,000,400
Shasta transmission line .

sud terminal substation 51,000 k77,200 11,219,600 509,900 158,900 1,011,700 13,758,300
Seoramento-San Joaguin

Delta cress chammel 15,100 230,000 3,250,100 166,400 121,000 96,700 3,879,300
Contra Costa conduit 9,400 397,000 1,775,000 oy, 1400 85,000 51,100 2,111,900
Friant dem end reservoir 63,900 230,000 11,801,300 118,000 575,900 585,300 13,675,300
Vaders canal 12,600 63,200 2,825,L00 125,600 113,000 85,100 3,221,900
Friant-Kern canal 99,100 1,611,100 21,170,900 990,500 891,500 1,103,500 25,866,600
San Joanquin pumping system 55,400 558,000 12,172,100 553, 500 198,200 305,200 1,143,300
flater rights and general

SRDENES o - - " - s 8,000,000

Total $623,300 $6,122,800 $131,505,000 $5,516,900  $5,887,300 $10,307,100 $168, 362,400

#*Ustimate from "Amended Application” prepared State of Cslifornia, dated 1/25/3l (not including Frient power
P prep

b lant ) o
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plants and equipment, transmission tower lines, substation, canals, gtrue=
tures on canals, pumping plants, and the right of ways for cenals and trauns-
mission lines, The charges are as included in the State's "Amended Aoplica-

- tion® of Jenuary 25, 1934,

The lump sum amounts provided for the dams and sppurtenances is almost
twice ag high as values used by the U. 5. Buresu of Reclamation for Boulder
Dam, which were set at 0.1545 percent of the capitel cost (without interest
during congtruction) per annum.

For power plents and equipment a lump sum of {10,000 plus £0.65 per
KVA was used Lor anmual operation and maintenance. This velus is comparable
to a wvalue of {0.444 per XVA plus $10,000 actual operation and maintenance
costs for the Exchequer plant of the Merced Irrigetion district and a walus
of approximately $0.35 per KVA plus $10,000 for Boulder power plantse.

Transpiszion lins syomueel opersbion and meintensnce charges were seb
at 0,75 percent of the capital invested as compared with G, 50 and 0,82
percent for lines of the Southern California Ldison, and 0.24¢ percent for
the Pacific Gas and Eleetric Company end 0.86 to 0.8% percent for the
Boulder-Los Angeles line. ‘

Terminal substations annual operation end maintensnce charges were
estimated at 2.0 parcent of the capital cost as compared with 1.40 and
1.92 percent for Southern California Edison Compeny substabion, 1.71 and
20,77 percent for Pacific Gas and Electric substetions, and 2,61 percent
estimated for the Boulder Cenyon power berminal.

Other items of operstion and maintenance charges were debermined by
an enginsering advisory committes for the Stete's water rescurcses ine-

vestigations.



TABLE 10

AWNUAL DEPRECIATION CHARGES #

29

Factor
percent
of baszg
cost plus Amount
Base cost, Years to engineer- %o be
engineering accumulate ing and 88%
Bass and replace=  overheed aside
Tteom cost overhead ment fund (1) annually
Shaste Dam and reseyrvoir
Dam and eppurtensneess $27,049,000 $83,811,200 0,35 $118,200
Shaste power plant
Eguipment 4,978,000 6,222,500 26 2.40 149,300
Bullding, ebo.= 5,556,700 6,945,500 0,35 24,300
Kegwick Dam and aftere
bay
Dam and appurtenances#* 1,524,000 1,808,000 0386 8,700
Keswick powsr plant
Fquipment 2,070,000 2,587,500 25 2,40 82,100
Building, etc.» 1,726,800 2,158,500 0.35 7,800
Shasta transmigsion
line and terminal
substation
Tower line 6,187,200 7,734,000 40 1.06 81,200
Subgtation equipment 3,122,000 3,802,500 25 2.40 83,700
Substation buildings= 445,100 560,100 0,358 1,806
Sacramento-San Joaguin
Delte Cross Channel
Dam lock and hesdgatex 2,132,000 2:6866,000 Q.35 9,300
Wicket and gates 207,900 259,900 40 1.05 2,700
Cannl 275,000 343,700 50 0,656 2,200
Minor sbrucbturesx 211,300 264,100 0,35 S00
Contra Ceste Conduit
Cansal 820,100 3,150,100 50 .86 7,500
Pumps, mobors, ete. 74,100 92,600 25 2,40 2,200
Building, etc.* 44,500 66,600 0,35 Hey
Minor -structursss 504,800 631,000 035 2,200
Priant Dam and reservoir
Dem end appurtenancess 10,221,600 12,777,000 0,35 44 700
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TABLE

10 {Continued)

AVNUAL DEPRECIATION CHARGES 3

3
[

Factor
percent
of base
sest plug Amound
Base sost, Years to engineer~- Lo bhe
engineering accumulate ing and set
Basge and replage~ overhead aslde
Item cogt overhead ment fund (1) annually
Madere Cenal
fonel & 2,177,000 & 2,722,400 50 0.65 & 17,700
Minor struotures 279,000 348,800 038 1q 20K
Friant Kern Canal
fansl 14,879,600 18,599,400 50 D.66 120,800
Tunnele® 292,800 490,600 0,385 1,700
Hinor structuress 8,187,400 3,921,800 0,385 13,700
San Joaguin Pumping
System
{omplete development
Cenal 5,533,500 6,916,800 650 C.65 45,008
Pumps, motors, 8te. 1,186,000 1,482,500 28 2040 35,600
Buildings, ebo.* 1,823,000 2,278,800 0.35 3,000
Steel leaf denms 621,900 1,027,400 40 1.056 10,800
Minor gstruchures® 507,800 834,400 0,35 2,200
Power line 712,600 890,600 40 1,08 8,400

# These units, if properily melnbained, should heve indefinite lives.
The fastor 0035 has been applied Yo accumzlate a contingency fund te
corer unforseen replacements and repairs not included in the regular

maintenanes worke

(1) FPector is bsesd on ennual combribution to replacement fund with interest
8% 4 percent per annWi.

s

Jenuary 26, 1934,

¢ Prom "Amended Applisstien,™ preparsd by the 8tate of Celifornie, dathed



TABLE i

31

ANMUAL OFPLRATION A¥D UAIPIETAMCE CITARGES®

Base cost Annual
Basge sugineering Operetion and Mainbenance
Ttem cosd and overhead PFactor Amound
Shagts Dam and ressrvoir
Dam and eppurtenaaces 427,049,000 433,811,200 £100,000
Shaste power plant
Bouipment 4,978,000 6,222,500 510,000 +) 188,800
£0.65 per)
Building, etc. 5,586,700 6,945,900 Iva
Xeswick dam and afterbay
Dem and sppurbtenances 1,524,000 1,505,000 5,000
Keswlek powsr plant
Equiprment 2,070,000 2,887,500  $10,000 +)
$0,65 per)
Building, ebte. 1:726,800 2,158,500 kvs ) 42,500
Shests transmission line
and terminal subsbation
Transmigsion line
land and right of way 400,000 500,000 0048 2,300
Powsr line 8,187,200 7,734,000 <0075 68,000
Terminal substation
Lend 15,000 18,700 PRE 43S 160
All equipment 3,122,000 3,802,500)
Buildings, etes 448,300 580,100) 202 89,300
Baocramenbo-San Joaquin Delta
cross channal
Right of way 200,000 250,000 20045 1,100
Dem, lock and headgabs 2,132,000 2,865,000 018 42,600
Wickets and gates 207,900 259,800 =039 10,100
Canal 275,000 343,700 023 7,800
Minor structures 211,300 264,100 016 4,200
Conbra Costa conduit
Right of way 345,000 431,200 D045 1,900
Canal 920,100 1,150,100 028 28,500
Pumpsg, squimment, ste. 74,100 92,800 085 5,100
Bulldings 44,500 55,800 .016 800
Hinor strustures 504,800 831,000 2018 10,100



TABLE 11 (Continued)

ANNUAL OPERATION AND MATHTENAKCE CHARGES*

Annuad

32

Base cost

Base engineering Operation and Maintenancs
Iten cost and overhead Factor Amount
Friant Dam and ressryoir
Den $10,221,600 $12,777,000 lump sum $ 21,000
Madera Cenal
Right of way 55,000 68,800 20045 300
Canal 2,177,800 2,722,400 028 52,600
Minor structurses 279,000 348,800 018 5,600
Friant-Kern canal
Right of way 1,401,000 1,751,200 0045 7,800
Canal 14,879,600 18,599,400 -023 427,800
Tunnels 392,600 480,600 -016 7,800
Binor siruchures 3,137,400 §,921 ,800 2016 82,700
San Josquin pumpling system
somplete development :
Right of way 484,000 607,500 0045 2,700
Canal 5,633,500 6,816,900 023 159,100
Pumps, mobors, etu. 1,186,000 1,482,800 -0BBS 82,300
Buildings, etc. 1,823,000 2,278,800 =016 36,500
Stesl leaf dams 821,900 1,027,400 059 40,100
Minor siructures 507,500 634,400 016 10,200
Power line 712,800 890,600 20075 6,700
Electrie enmergy for pumping 207,000,000
A lor hrs &b
- 004 528,000

% From "Amended Application," prepared by the State of California,

dated Januvary 25, 1934.
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Revepues and bemefits. Power benefiis are ordinarily defined as
(1) donual nec revemue ircom the sale of electric energy end (2) the anmual
public savings eifected by low power rates. HNo lmowledge 1s had regarding
the effect of this power development on power rates of privete utilities;
tnerefore, only (1) will be considered here,

Weter bsnefits are defined as (1) snnual net revenus from the sale of
water for irrigation of land, (2) dependable supply of water to industries
now suffering fron periodie water shortage and assuring water to those in-
dustries faced with a potential deficit, (3) release of water for naviga=
tion and (4) release of woter tc control the encroachment of salt water on
agricultural lends and into sources used by industry.

Power Qutput. The estinated output capscity of the Shasta power

-plant, determinea by & detailed sbudy of reservoir overations for the

eritical pericd 1818-1935, inclusive, is based on the followins sssump-
tions:

Overall plant efficiency of 75%

Reserveoir evaporations of 3.5° depth apnually A
Reservoir releases for navigation, irrigation, industrial
and municipal water supply, salinity control and other
uses

W, P,
Lo O I
S s St

In other words, the meeting of mandatory releasses for (3} above is the pri-
mary tactor governing reservoir operations. However, id addition to the
mandatory releases, water passes the dum, comprising spill and flood control
releoases used in whole or in part for gower production, sud releases meds
primarily for power,

The xevenuse which will bs obtainsd from the sale of seleciric energy to
be developsa are bassed upon, first, the amounts and characteristics of the
power; second, its wit value; and thire, a comsidsration of the demeund for
power and the rate at which it cen be absorbed in the tributary market,

The average annual oubtput of the Shasta and Keswick Flants for the
13-year period {1919-1931) would have been 1,361,200,000 kwhr, On the
basis of the period 1880-1931 the average annual output would have been
1,860,300,000 kwir, with & ninimum of 1,106,700,000 kwhr in 19024,

Unit Value of Power. The unit value of the power to be produced
by the project has Leen Lased upon a determination of the present day cost
of developing an equivalent amount of steam~electric energy of similar
characteristics by a privately omed uwtility., 7This beasis is believed to
be the most reasonable one offered because of the present low cost of pro-
dueing electric energy by steam plants which can be located near the load
esnter of the area of consumption. Values so cobtained are lower than the
cost of hydroelectric energy delivered to the load centers of areas served
by present hyaroelectric plunts and are alsc lower than the prices pow
being paid for hydroelectric energy under existing contracts. They are
therefore believed to be conservatively low. The results of extensive de-
tailed studies are presented briefly herewith,
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TABLE 12

At s T

00ST OF STEAM-ELECTRIC ENERGY DELIVERED FROM TERMINAL SUBSTATION#

Exeluding Incliuding
tate Tax State Tax
Investment per kilowatt of cepacity:
Steam-clectric plant $ 85.00 & 85.00
Trensmission line end subsbabion 20,00 _ 20,00
Total $10%.00 $105.00
Estimated efficiency:
Standby 01l in barrels per kilowatt per year 0,55 o 55
Jutput in kilowatt hours per additional
barrel of 01l 500 500
Price assumed per barrel for fuel oil 0,80 0.80
Cost of energy:
Fixed costs per kilowatt per year:
Steam plant -
Return or interest at 7.5 percent 6,375 6,375
Depreciation at 2,0 percent 1,700 1.7C0
Operating expenses at $2.65 per kw 2,650 2.650
tendby oil LLo 140
Federal taxes nt 0.l percent - 2L0 L BL0
State tex at 1.%5 percent - 00 1.150
$ 11.505 $ 12,565
Transmission:
Return or interest at 7.5 percent 1.500 1.500
Depreciation at 1,25 psreent +250 =250
Opereting oxpenses at $0.25 per kw 2250 . 250
Federal taxes at 0.l percent »080 080
State tax at 1.35 percent <00 =270
Subtotal $ 2,080 $ 2.350
Total fixed costs of steamn plant and
trensmission, per kilowatt per year $ 13.585 $ 15.00¢
Output cost per kilowatt hour of plant delivery 0. 00160 -00160
Total ocets of substation delivery on basis of
2.5 percent loss in transmission
Fixed costs per kw per year 13:.93% 15,382
Output cost per kilowatt hour ~0016, <0016
Rocommended unit costs of substabion delivery
Fixed costs per kilowatt per year 13,95 15.40
Output cost per kilowatt hour -00165 00165
Average cost per kilowatt hour at 60 percent
load factor 0oLzo - Q0058
From "Amended Application,” prepared by the State of California, dated



TABLE 13

24
(8 1)

{Shasta Reservoir Operated Under Complete Development

of Central Velley Project)

Plant ocapscities -
Transnission distancse

Ensrgy oubtpub measursd at hydrceelsetric plants:

Totel losd to utilize hydrosiscbric plant
output in maximon yeoar ‘

Hydroelsctriec plant oubtput - everage ysar
Stean~alectric plant

Total

Hydroelectris plant ocutput - averags year

o,
et
RSy

output requirsd - average
Energy output - terminal sustation measurement (I2%

Stean-slectric plant oubput required - averages

All-steam-electric plant pesk to serve load st 60.3

load factor
Auxiliary steam-electric plant pesk fequired

auxiliary stosm-slectric plant cepmelity reqguirsd

(25% overload)

Yalue of Hydroslectric Ener

{Exeluding Stete Taxes)

All-steam-sleatric plant cost
Fixed cost, 5%5,L00 kw, at
Output cost, 2,827,900,000
Totsl

Auxiliary stsam-electrie plant cost
Fixed cost, %20,000 kw 2) st $12,95 per kw
OQutput cost, 1, QF458GQ 000 kwh at $0.00165 p
Total

3{){/’_}
£

f:’i" S5

er kw
o1

& per kw
Yt $0.001

Fssultant velue of hydroelectrie energy from terminael

Total

?er kilowatt hour (exzcluding State Texss)

Yalue of Hydroelsctric Energy

5 per kwh

&7

ar kwh

s

(Tncluding

All~steam-electric plant cost
Fixed scost, 535,400 kw et $15 LO per kw

State Tazes)

Qutput cost, 2 c27 900,000 kwh at $0.00145 per kwh
Total

Auxiliery steam-electric plant cost
Fixed cost 320,000 kw (2) $15.L0 per kwh
Output cost, 1 &54 000,000 } wh st 30, 00165 per kwh
Tobtal

Resultent value of hydroelectric enerzy from terminal
Tota
Per kilowa$t hour {Iacluding State Taxes)

loss)

Shesta - 220,000 kw Keswick =~ LO,000 kw

3,21%,500,000
1,560,300, 000 1
1,65%,200,000
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TABLE 1% (Continued)

DROELECTRIC ENURGY FROM SHASTA AND KESWICK POWER PLARTS

-
58]
B

) 1
BASE 04 PRODUCTICN BY EQUIVALENT STEAM-ELECTRIC FLANT=

For the energy oubput measured st the hydrosiectris plants, the tot
load to fully utilize the hydroslestric plant outputs is csleulabed
Tollowss In July of some years, the hydroslectric plents would have
operated on & 10&& fackor of 1.00 and producsd an Cﬁewé3 output of
195,200,000 kwh, Under the lomd cheracteristies of northersn Cali-
fem“ hese plants would have supplisd 62.3 percent of the toial

.
b .0 e
load 1n i

.

Lagsd

het month. The total load then would have been 310,100,000
kwh in July, The July leoad is squal to 0.55 percent of the total
snnual load which, therefore, would have been 3%,213% 50G,000 kwh.

The system load factor iz 0.3 percent. The reguired installstien

of the substitutional stsam-electric plant, therefore, would have bosn
608,400 kw which reduced to terminal substation equivalsnt is

535,400 kw. {12 percent transmission loss).

m

The instsllation of the auxiliary staan-sYQGtria plant wes estimated
as follows: The most oritical period ccourred inm the autuma of 1931,

whern the head on the Shests olant would hav% been suff

by
5

icient wo
maintalin full peslking capscity. In Hovembsr of that ysar, the capacilty
would have been reduced to ESESGGG kw which reduced to terminal sub-
station sguivalent is 109,100 kw., The pesk demand in northern Cali-

Pornig in November iz 9% percent of the annual maximom pesk demend.

The requiresd peaking bapasity therafors, would havs beon ?5 sf

525 400 kw or 508,600 kxw. The auxiliary stesme-slectric pls aapacity
2 - R o

would have been 508,600 minus 109,100 or 399,500, An auxziza@?
stean~electric plant of this capaeity would have baen sufficient to
meet the other conditicm which would have cceourred. It is estimated
that the plant requirements would have sxcseded 320,000 kw in only

Uy monthe in the 1%-year period 1919-19%1 inclusive. The excess oa-
pacity requirement would have rsached 25 percent in one month only,

19 percent in cns month, 18 percent in one month, 11 psreent in one
man%h? 7 percent in ome month, and 1 percent in oms month. The

ercess capsciblaes of 25, 19, 14, end 11 percent would have been needed
for pea&ing end therefore would have been required for relastively short
periods. Therefore, a capacily of 220,000 kw has been sdopted for

the suxiliary steam plant since such a plant could be sverloaded %o
meke up the additional requirsd capacity at the infrequent intervsls
when such capacity would be nssded.

*Fipm "Amended Application,” prepared by the State of Celifornis, dated
1/25/30.
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The value per kilowatt hour resulting from the enalysis shown in
Table 12 is 3.84 milils if State taxes are not included as a part of the
operating costs and 4.07 mills if State texes are ineluded. In estimating
the revenue from the sale of powsr the price for power is teken as 5.9
mille per kilowatt hour during the period beginning in 1949 and continuing
thereafter during the pericd of the loan. During the early pericds of the
develoment of the project the price is somewhat higher. Durinpg these
pericds less weter is released primerily for summer irrigetion use and
therefore the power charscteristics are betbter and more neerly colneids
with the power demand. From 1987 to 1944, the price used per kilownit
hour is 4.15 mills and from 1944 to 18949, 4.00 mills per kilowatt howr at
Antioch subsitation.

Power Absorption. The ebility of the northern (alifornia power
market Lo absorh one eisctric energy to be produced by the power plants
of the Central Valley project is demonstrated by a comsideration of the
past and estimated future growth of power production and consumption in
northerny Californis. The date with respset to past growth and the esti-
metes of future growth are depicted on Exhibit &,

Water Revemuss. The revepuss which will be obtained fyom the
sale of water made nvaiiable by the projest are caleculated from a conslders
ation of, first, the smounts of waber which would be made awalleble from

-Friant and Shaste reservoirss second, the unit price which may reasonably

be charged for water; and third, the demand for water in the various areas
to be served by the projset in sceord with present and anticipated reguire-
ments .

Unit Frice of Water. The unit prices of water which have been
used in esTIMATIAE the vevenues from water sales ars based upon detailed
studies of the present cost of water for both irripgation mnd indusirial
uses, the cost of development of the supplies made available by the praj-
ect and the charges for water which can be reasonably paid,

Upper San Joaquin Valley. Since the bulk of revenue to be ob-
teined from water sales under the project is in the upper San Josguln
Valley, the unit price to be charged for water made available for this
ares has boen glven most careful consideration. 4 study was first mads
of the permissible charges which could be paid for irrigation water on
varicus crops at the land., Totel pernmissible charges were then computed,
based upon the asobual aren of crops irrigated at present which are deficient
in water supply and will be served with water made available by Friant
reservolir, After taking into comsideration the cost of distribubtion from
the mein canals of the projesct Yo the lends, and with further considsratioun
of the cheracteristios of the supply furnished both from Friant reservoir
and from local sowrees, the permissible averapge charge at the walin cansl
slde was determined as $3.00 per acre=fook.

The actual unit prices which will bs chargsd for water deliversd f{rom
Friant reservoir heve not been finally determined, pending the negotistion
of contracts with the water users. However, it is tentatively assumed that
charges will be based upon charecter of serviee arnd not upon the kind of
Crop STOWn«



Water furnished every season as a direct surface irrigation supply
would carry the highest charge, while water furnished during the irriga-
tion season for surface irrigation, but varying in amount from season to
season, would carry & lesser rate. Finally the water delivered out of
season for ground-water storage and subseqguent utilization by pumping
would carry the lowest rate,

The reasonablsness of an average charge of §3.00 per acre~foot for
waber delivered at Ths main venal side by the project can be further judged
by & consideration of the uvrssent cost of water for irrigation in various
irrigation districts and for lends served by pumping from wells.

Although some of the irrigetion districts served by cheaply constructed
gravity diversion systems have costs which are rather low (some less then
$3.00 per ascre=foot); the costs of water in other exisbing irrigation dis-
tricts in the upper San Joaquin Valley are considerably greater. Costs of
#5.00 to »7.00 an ascre~foct are commen. Iu the LiAdsayuﬁtr&thmcrﬁ and
Terrs Bells irrigation districts, costs range froem g27.00 to 346.00 per
acre=£foot,

Costs of pumping from underground vary in different areas in the Sau
Josyuin Valley, depsnding on the depth to ground water. In the lisdera
wit they range from $2.85 to $4.00 per scre~foot; ln the Xewsah ares from
an average of $3.00 to & maximum of $5.50 per acre-foot; in the Lindsay-
Strathmore distrioct an sverage of §7.50 per acre=-foot; in the Herlimari-
Deslanc area from $4.00 to $12.00 per acre-foot; in the MeFarland-Shafter
area from $3.50 to $6,28 per acre-foot and in the Rdison eres from $10.00
to §12.00 per acre-foot. In some aress, irrigation district assessments
must be paid in addition to pumping coste, '

Taking the areas as a whole which will purchase the water to be fur-
nished by the project, the average unit price of ;3,00 per asre-foot at
the raln canal side, even after allowing for cost of distribution to the
lands, will result in cheaper water than the proseant costs, This is true
slsc for the tentative charg%s for wator based on character of service.
For sxample, for primary supnlies sold at $8.00 per sere~foot st the muin
canal side, the cost of water dslivered st the land in the arecas whers
such sneglle would be used, such as the Terra Bella and Lindsay-
Strathmore irrigation districts, would be $10.18 per acre-foot. This
would compars L0 present costs for water in these districits of $20.00 %o
$50.00 per acre-foot, Iu-season secondary water sold at $2.00 per acree
foot at main canal side would cost about $3.60 per acre-foot delivered st
the land, which would be generally less than cost of pressnt supplles im
the asbsorptive areas in which these supplies would be sold and utilized,
Water delivered out of season to replemish the wderground reservolirs and
sold at maln csnal side for $1.00 per acre-ioot would reduce pumping 1ifts
and pumping costs, effecting & seving which if eapitslized would more than
Justify the pwohase of water at this price.

The comparison of the unlt eherges for water delivercd by the projsch
with presan+ oostes of water, demonstrates that Lhese wmlt prices ars reasone

able and will be acceptables to the prospective purchasers of walter in the
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wpper San Jomguin Velley. The only fessible gpporbtunilty for these aress
in the upper San Joaguin Valley cbtaining an additional water supply is
through the construction and operation of this project. Any possible fur-
ther development of local water supplies by agencles in the upper San
Joaquin Valley would result not only in imeufticient supplies, but also in
goats in excess of ths propossd wnit price of water o be furnished by the
projeet.

The present developed areas in the upper San Josquin Valley will
utilize the entire.supply developed by the initlel estorage and conveyance
units, Initial revenues from the sale of water in this area are based
upon the delivery and sale of an average seasonal supply of 700,000 acre-
feet. The fSan Joaguin pumping system will provide an additionel supply
for the upper Sen Joequin Valley which will be absorbed at the rete of
112,000 sers-fest per year for the first four years and at the rate of
92,000 acre={eet per year durlng the suceeseding six ysars, totalling
1,000,000 sere-fost.

Industries and Agricultural lands in Contra Coste County. The
water supply aelivered through the Lontra Costa Conduiv will be used by
industries and developed agricultural lands in Contra Costa County lying
south of and adjacent to Sulsun Bay. The industries in this area require
lergs quantities of fregh water for boliler and procsssing purposes. It
is anticipated that there will be a demand of approximately 34 second feset
of fresh water as soon as the conduit is put into operation., This is con-
siderably in excess of the 20 second feet consumed in 189289, The present
cost of fresh water renges from & minimum of 1.2 cenits Yo 2 meximum of
93 cents, with an average of about 7 cents per 1,000 gallons. The present
cheapest fresh water supply is that obiteinsd from the lower river end upper
bay ehannels when it is avallable, but this source of fresh water has been
eliminated Yo a large extent for several yesrs because of salt water in-
vasion from the bay. Supplises purchased by the Industries from established
public water supply systoms cost on an average sbout 35 cents per 1,000
gallons,

For the develeped agriculturel lands in this area, practically the
only soures of irrigation supply is obtained by punping from wells. The
underground supply available is very limited and entirely insufticlient for
meetling the requirements of the lands requiring irrigation. Ground-water
levels have recedsd so that present costs for irrigation supplies from
wells range from 10 to 20 dollars per acre-foot., The developed agriculturel
lends in this aree aggregate 18,000 scres, of whiech only about 3,500 aores
are now wnder irrigation from the limited ground water supplies aveilable,
It ie anticipated that & gross area of about 13,000 acres of these developed
producing lends will use an Iirrigation supply of two acre-feet per acre each
zeason &t a maximm rate of 86 second feet,

The total amount of water sold to the industries and agricultural
lands combined will amount to 43,500 acre-feet annually. It is anticipated
that all of this water will be used and sold 2t an average unit prics of
#6.,90 per acre-foot irmedistely after the conduit is constructed and put
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into opersation, and the smymwel revenues set forth for sale of water to
this area sre caleulated on this basls. An assccia*ion representing the
various interssits in Contra Costa “o&zty has stated in writing that the
entire supply (43,500 acre~feot annually) would be qenﬁrac%ed for at 46.90
per aore-foot canal side upon completion of the condult.

Delie Lands and lands Adjoining Sacremente Hiver. The unit

rice for water used in caloulating the revenues for sele of water to the
lende in the Sacramento~San Jozguin delita and those adioining the Secra-
mento River is based on the cost of stored water in Shasta reservolr minus
the revenue f{rom sale of hydroelectric emergy. The net cost of $1.00 per
gere-foot computed on this basis hag, therefore, been adopted as the unit
price for water to be sold to the lands in the delta and trose adjolning
the Sasramento River.

It is believed that an averuge amnual supply of 230,000 acre-fsst of
stored water from Shasta ressrvolr will bs used and sold in the delta at
a wit price of $1.00 an eacre-~foot as soon a&s Shasta reserveir is cop-
structed and pubt inbo operation. The estimate of revenunes based upon the
use and sale of 300,000 scre-feetl absorved during the pericd 1944 o 15064
is bellieved to be most conservetive.

Navigation. DPenefits 4o navigation on the Sacramsnto River can
only be evaluated on the basis of potential river treffic above Sacramento,
since navigation below the oliby of Sacramenio is now well mmintsined.  The
Divisgion Enginser, U. 8, War Department, estimates that with s depsudable
gix~-foct channel from Sacrameatc to Chieo landing {(52.4 miles downstresm
from Red Bluff, the proposed head of ﬂ&?ig&%ﬁ@m} thet commerce on the river
would be as follows:

1830 - 280,000 toms
1840 - 420,000 tons
1986 - 830,000 tons
18606 - 848,000 tons

570,000 tons

L]

30"‘ Yr u’&vg; °

Based on present transportation costs and freight rates on those
which should exist after improvenent of the channsel above Sacrsmento, the
Army Bogliuneers estimated that the sverage saving in transportation costs
on river freight would be gt least B0 cents per ton which applisd to the
570,000 tons average estimeted annual tonnage would show an average annual
seving of $285,000. It was esiimated by the Army Fungineers that chaunel
dredging and a series of movable daums w1th locks would cost 7,400,000 fa‘
the section of river between Sacramento and Chico landing.

It is %o be noted that the sbove value is based on potential traffio
from Colusa, Subter, Butbe, apd Glenn Counties and does not inelude Yolo
Comnty immediately above Sacramento nor Tehems Couwnty iz which Red nluff is
losaged.
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A meaximun velue of navigation (including petential traffic frow Yolo
and Teharma Counties) would be twice thﬁ smowmt set up by the Amy Engineers
or @57S$ﬂ60 annvally, based on proporitionate river miles, topether with
7‘3

easel pavigation below Sseranento,

;,-.A.

R
[0

Although there ls some value to navigation on the San Josguin Kiver
due to cantrollied flows from Friant reservelyr, no vwalus for this iten is

ingluded in this report.

Floed Contrel. For the purgoese of evaluating the flooed control
value of Shaste Dem end reservolir 1t was assumed by the U, §. ammy Englnesrs
that the flood ficw at RHed Blufl would be controlled to 125,000 second-Ised
aml thut chis flow would be exceeded only onse in 100 years on the averaze,
It was also assuned that the Ssoramentc [lood sontrol projeet was 100 per-
cont complete end thot the Butte besin inmediatsly abovs Colusa remsined
unprotected., Helimates were mude for the average snmuuwal dacspes with and
without Shesta, the difference being the annuel soving due te reduction 1
avarage ammual flocd dammge. This ameunts to $164,000 annually,

n

On the basisg that there is 135,000 acres of land above Coluss which
would he {locded without eombrol from Shasta reservoir, and the frnet that

some B30,000 acres have been protected in the velley at = ’Jbt of +98,000,000,
it seems jiustifiable that by direct proporiion a value of - 000,000 would

be allowsble as the maximum casital value of Shasta flood c&rt ol. At 3
percent, this would give s maximun valwe of $480,000 annuallvy,

,.ﬂ«

On the besis of studies of the San Joaouln River, the estimated
resulting from o runoff similer to that of 1911 (exeeeded &be e onee :
years), with releases cuontrolled by Friant reservoir, would have been 1 OG0
second-fest in the San Jeaguin kiver from lendota Dam %o the nouth of :he
“erced River. Without contreol, the {low which would have to be provided
for would amcﬂgt to 25,000 second-feet. Flood contrsl works lncluding
chounel cunstruction, dikes, etec., te control this smount of ilow would
cost &pyrshzmatsly‘gég000930u9 gnd this value is used as the o qital value
of Friamnt Dam and reservolr for flood contrel., At 3 percent, this would
bo & value of 120,000 annually.
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selinity Control. OSaliniity coptrol iz the Sulswn pay region is
provided for by‘tne release of approxinately 384,000 acre~feet of water
snnually from Shasta resserveir. The value of thgs volease &t $1.00 per
gere»feeu anounts to 344,000 annuwally.

The maximm value of salinity control set by the U, 8. Army Engineers
for the construction of conduits extending from controlled fresn-water
hannels of the lower delta, togsther with additional works for the reclang-
ion of warshisnds of Sulsun and San Pablo Pays and chamnel enlarpements
n the delia, smounts Yo a caplital expenditure of 18,000,000, 4Yhe value
of & grsgssed sslt woter berrier locatbsd abt Chipoo Islund, was estim 3
by the Army Engineers at 352,000,000 for an egually favorable service,

oo

le
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The value of the resulitant controlled flow of the San Joacuin River for
salinity control is an intangible item although there is ao doubt but that
there will be & considerable benefit to the lower reaches of the river in
this respect.

Other Benefits. Present inconme of sgricultural lande (in San
Joaquin Vailey) will be preserved by supplying the necessary water ot a
favorable cost. There are 2,000,000 acres under cultivation in San Joaguin
Valley. In the upper portion of the valley 1,280,000 acres arc irrigated,
some 400,000 acres of which are now overdrawing on the water supplies
naturally available to them. These lands are worth more than $2b0 per acre
and vield amnually 100 of agricultural products per acre and have only one-
half enough water for their use, Therefore, at least 200,000 acres must
revert of desert condition if a supplemental water supply is not obluined.
The project will thersfore continue in production 200,000 acres yielding

‘ennually & gross income of 20,000,000, or an sstimated net income of

$10,000,000 anmually.

If ths project were not consummated, end the abandomment of 200,000
acres of highly developed lands sccurred, the resulting calamity would be
reflected not only in local business but alsc in the businsss of the State
snd the Fation. In such event, it is estimsted by Professor Geo. D. Dowrie,
Graduate School of Dusiness, Stenford University, that ths loss of profits
to the industrial areas of lLos Angeles and San Francisco from wholesals
snd moufecturing trade with the wvalleys weuld amount to nsarly 22,000,000
annually., However, this does not represent the entire monsy vulue of the
valleys te the centers. In addition, persons and firms in these metrovolitan
aress performing a variely of perszonal and wrofessional services for the
valley populetion, and trensportation componies, financiel institutions,
beth State and Federal, insurance companies, and public ubilities doing
business directly or indirectly with the affecited areas would suffer sub-
standial losses,

In sddition to all of the above, there are a numnber of uncomputable
ivl efits which are nevertheless very reul, including:

or intangitlie ben

{1) ZRebuilding depleted underground water storsge

{2} Hebuilding water trufiic

{3) Saving life (floods)

{4) vsroviding employment

{5) Expsnaing industry

(¢} Expanding sgricultural lends {(ultimately)

{7) Incressed rovenue to State through taxes

{s) General development of wealths Transportation systems,

business and banking institutions, new communities,
private and professional services, sic,
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Summary of Anelysis. Uslng the fipures heretofore developed for

annvel costs and anmual benefits, the followinp Tables 14, 15, and 16
sumnarize and compare thsse costs and benefits to measure the sconomie

&

feasibility ol the project,

TABLE 14

SUMHARY OF ANHUAL EXPERSES AKD CASH REVERUES

Tetal for Average
5&-Year Annual for Amnusl after
Amortization Anortization Amortization
" Period Periocd Period
Bxgenses
Interest $147,173,000 . $2,777,.000 Bons
Amortization 188,362,000 . 3,176,000 None
Deprecistion 39,471,000 » 746 GO0 % 883,000
Operation snd Maintenance 109,086,000 2,057,000 2,558,000
Total $464 062,000  §8,786 ,000 & 3,241,000
HAevenues
finter Revenues
(2,073,800 ac.~ft.) $251,680,000 54,749,000 » 85,530,000
Power Levenues ’
(1,373,100,000 lawh) 265,192,000 5,004,000 5,885,000
Total @51698?25006‘ $9,753,000 $10,885.000
Ratio of Revenuves Lo Expensss s 1.1 5.4
— =
N <, )
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TABLE 15

SUMMARY OF OTHER ARNHUAL TAHGIL

BLE BENEFITS (IN ADDITION 70O REVENUES)

Havigation

Flood Control

Salinity Control

Pregerving present income value of
lands snd igdustries

ot

Total

Ho

Hormal

§285,000
e a& 000
58l 000

t includsd

TABLE 16
COYPARTISON OF ANNUAL BXPENSES, REVENURS, AND BENEFITS
Hinimum §0?mn;
Totel Hevenues $9,753%, 000 %30388v 000
5F 000
j \}Uf

Total Other Benefits

Hot included

Total Bensfits 9,752,000  $11,8%8,000
Total Expenseg 8,756,000 8,756,000
Annual Net Benefit - § 997,000 § 3,082,000

Ratio of Benefits to Hevenus

<
i

31

102.3.

Waximun

$§ 570,000
600,000
720,000

$11,890,000

Maxdimunm
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