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The Need for Water in Southern California -

The Metropolitan Water District, and the city of Los Angeles before it,
have been studying the Colorado River aqueduct problem for many years.
This problem has been gone into exhaustively in all its phases, and it is
evident that some new source of water supply must soon be provided for
Southern California. Studies made by the Metropolitan Water District lead
inescapably to the conclusion that the time for beginning such a project has

arrived.

General Water Supply Situation

It is well known that Southern California is naturally a semi-desert. The
rainfall is light and irregularly distributed. It is sufficient for only a partial
degree of development. However, even with the sparse precipitation, there
is a certain amount of run-off, especially in the hills and mountains. This is
due to the fact that precipitation often comes in heavy downpours, falling
too fast to soak into the ground. Present development in Southern Cali-
fornia has been made possible by the saving of these waste waters from the
surrounding mountains, and by the prevention of wastes in the valleys them-
selves. This conservation is made feasible by the fact that the foundation
underlying the soil surface is not solid rock, but is porous gravel. The voids
in this material form a vessel of vast extent in which the excess waters of
heavy floods may be stored and held for use in time of drought. The natural
tendency of flood waters to enter these underground basins has been assisted
by conservation works, until now very little water escapes down the rivers
into the sea.

In addition to the local waters, an important importation is made by
Los Angeles from the Owens River_basin through the present aqueduct.
This supply is conserved at its source in much the same way as the local
supplies. The flow of the Owens River is very irregular. When the run-off
is high, the waste waters fill the gravels of Owens Valley. In dry periods
this water is pumped out again to maintain the flow in the aqueduct.

Water from these sources constitutes the foundation upon which the
prosperity of Southern California is built. This foundation is now overloaded.
More water is being used than is being replaced each vear. This is being
accomplished by pumping down into the depths of the underlying gravels
and extracting the waters which have accumulated throughout past ages
before the efficient modern electrical pump was invented.

That the use is_exceeding the inflow is evident to even the casual ob-
server. Not many years ago bountiful supplies of ground water were avail-
able almost everywhere at rcasonable depths. Over an area of 315 square
miles water flowed from wells under artesian pressure. Artesian flow has
now practically disappeared, and water levels have dropped evervwhere.
Levels along the coast have been pumped down below sea level, causing salt
water to flow landward, and wells in the foothill regions have been lowered
to bedrock. There is evidently less water in the ground now than there
was a few years ago, and levels are dropping more rapidly than ever before.

To whatever extent overdraft is due to a temporary condition of drought,
it is permissible. These underground basins are one of the principal assets of
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Southern California, and it is entirely proper that they should be used to
equalize the fluctuating water supply. But they are now being drawn down 000

too deeply. Supported by an inflow which will keep them sufliciently well

filled in normal times, these underground reservoirs are valuable insurance TNTTED STATES

against temporary failure of other sources. Empty, they are a detriment to | L

proper utilization of normal local supplies.

It is not difficult to see that some increase in water supply is needed N 50,090,000

immediately. However, to determine the ultimate amount of new water

that will be needed, the rate at which it should be made available, and the
extent to which this need can be supplied by the improvement of existing T

sources, requires the careful balancing of many factors.

ESTIMATED DEMAND FOR WATER IN THE

METROPOLITAN AREA |

The probable demand on the Colorado River aqueduct is determined
by first estimating the total future water needs of the metropolitan area, and
then deducting the estimated supply irom other sources. The total demand
is determined from the predicted population, probable agricultural develop- | 000 i

ment or retrogression, and the expected growth of industry. Each of these ! . /

factors must be carefully analyzed separately.

Population

N
'\\
|

The number of people in the Metropolitan District area has been doub- 5,000,000 L }r"
ling, on the average, each ten vears since 'Ib‘go. It 1s evident that this process A ’

cannot continue indefinitely, as the resulting population growth would be /’
unprecedented. the population increased from

'

Between 1920 and 1930 i
1,080,000 to 2,497,000, an_increase of 1,417,000 people, or 131%. The same REAVER / £
ratio of increase from 1930 to 1940 would add 3,263,000 people, bringing the /

population up to 5,760,000. Such an increase is thought to be unlikely. How-

ever, it _is reasonable to assume that the same number of eople will be - : L

added to the population in the present decade as in the 1920-1930 period. |
This would mean the addition of another 1,417,000 people, bringing the popu- | / REATER | 4
lation in_1940 up to 3,.914,000. This would give a 56.6% increase ~HICAGO | /
present decade as against a 1319 increase from 1920 to 1930. It is believed ! / ;

that such an increase may reasonably be expected to occur, and to continue | 1,009,000 /‘ /

for some time into the future. The possibility of a maximum rate of growth 4

at least as great as this assumption should be considered in plans for the ! /

Z
future. The possibility of a slower rate of growth also needs to be con- - | v %Mﬁ_ LITAN BREA

sidered. The ideal project should not be so large as to be a financial burden | £ ;

should a minimum rate of growth prevail, nor so small that it cannot be . 500,000 | ,° L
economically enlarged to care for the maximum. /

After carefully considering all factors, the rate of growth shown in Table

1 has been chosen as the basis of all planning. The numerical increase. for ' / ” pOIDULaATIolN GIROWTHI

the present decade is 1,220,000 against 1.417,000 for 1920-1930. The esti- ' A

/i ' 4 4
mated increase is less for each succeeding period. The estimated percentage | - '/ y’ AT IVARI'OUS e b s
of increase from 1930 to 1940 is 49%, as against 131% for 1920 to 1930, The 4

with the recorded growths of similar areas embracing New York and . - 3
Chicago. The past growth of the United States, and the future growth as o o 2 / B g 3 A 2 5 5
(5]
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predicted by Raymond Pearl, of Johns Hopkins University, an authority on
population growths, are likewise shown on Exhibit 1. This exhibit is platted
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Eercentagc of increase drops down rapidly to 10% in the 1970-1980 period. A 3 -
e data of Table 1 are also shown graphically on Exhibit 1, in comparison / ’
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on ratio paper to accentuate the fact that the percentage of growth de-
creases for each successive decade.

For equal populations the growth curves for the three cities are more
or less parallel, signifving approximately equal growths. Prior to 1930 the
metropolitan curve is somewhat steeper than the others. The predicted
curve bends over rapidly and if carried slightly further would become
parallel to the predicted curve for the United States as a whole. This means
that eventually Southern California is assumed to grow at approximately
the same rate, or percentage, as the country in general. Southern California

being without question the most desirable residence section ot the country,

this can occur only because of the exhaustion of opportunity. Consideration .

of these facts leads to the conclusion that the estimated rate of growth shown
in Table 1 is a minimum value, and that planning a water supply for a lesser

———

growth would be unwise.

TABLE 1
Past and Predicted Growth
Numerical Percentage
Year Population Increase Increase
| . 160,000 : '
70,000 R
1900............ 230,000
__420,000 183
900 i 650,000 — '
430,000 66
1920............ 1O . .o
1,417,000 131
1930............ 2497,000 — .
1,220,000 49
2 19H0. ..... T 3,717,000 ———

23000 - 33
1950 4,940,000

2500 16
PO s s 6.860,000-
662,000 10

Per Capita Use——Domestic Waters

The water requirement of a given population for domestic uses is de-
termined by multiplying the number of people by some arbitrary rate of use
per day. The per capita use of water varies with general climatic conditions,
abundance of supply, retail cost, general living standards, and other factors.
The domestic use at present in the metropolitan area varies from about 120
gallons per capita per day in Los Angeles to 266 gallons per capita per day

in Beverly Hills. The average for the Los Angeles County area is 135, and -

155 for the Santa Ana watershed. There has been for some time a general
wlckrm'f_‘_,__m't_he_mcr_smiu_umumam due to improvement in the scale
of living. It is thought likely that the peak has not yet been reached. How-
ever, to be conservative, v domesti allons has
been assumed for the District. The domestic demand is obtained by mul-
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tiplying the estimated population by this rate of use, and making certain
minor corrections for special conditions and overlapping uses.

The Industrial Demand

There are today 2150 industries in Los Angeles County of such magni-
tude as to require segrcgation into mndustrial zones. This is about one in-

dustry for each 1000 inhabitants. Industrial development has been a prime —

factor in the growth of Southern California for the past ten years. With the
assurance of a sufficient water supply available there is_every reason to

" believe that its influence will be increased in the yearsto come. The pres-

’

ent industrial usé is 18% of the total. It-isexpected that this percentage of
use will gradually increase to an average of about 27% in 1950, perhaps re-
maining constant after that date. Industrial uses in other cities are as
follows:

Baltimore, Md... . craissss 25%
Bridgeport, Conn........ e
G T | e SR I ..19

#  Kansas City, Mo....... . . 3
Milwaukee, Wis...ccccveee. 65 .
New York City. .. .20 0 22
Rochester, N. Y............ 26,
Springfield, Mass........... 3

AVEPRER i.ive Silviewisai 34%

L The estimated.rate for Southern California is well below the average for

these cities. 'This estimate is thought to be reasonable, and failure to pro-
vide for it would be unwise.

Agricultural Development

The agriculture of the regior(‘ is best considered under two headings—
eneral agriculture and citrus culture. It is usually assumed that general
agriculture, which consists of alfalfa, truck gardens, general field crops, etc.,
will not increase in this area. There are considerable areas of vacant lands

which may eventually be devoted to general crops, but it 1s assumed that
some areas now irrigated will be converted to urban uses. As a net result,
¢ arca devoted to general crops 1s assumed to decrease gradually through-
out the amortization period. It appears likely that some arcas now devoted
to citrus will likewise be converted to city uses. Other marginal citrus
arcas are likely to be abandoned to general agriculture, but careful study
leads to the concliision that the net citrus acreage is likely to increase slowly
for the next few decades. The estimated total acreages likely to be devoted
to ag'ncu|turc are as jollows: :

| : General farming Citrus Total
Year and deciduous acres acres acres
1900 oo v nviie s TIEIOD 188,000 490,000
b R SR T T R K 287,000 193,000 480,000
1950. . .cccconeneses..290,000* 252,000 508,000*
L SR . . . 247 ,000* 264,000 511,000*
o SR ORI - Y i 256,000 490,000*
1900 . i dieiviiin e st 1 90000 - 249,000 468,000*

* Does not ‘include 50,000 acres of temporary use in San Jacinto Valley.
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On the average the gross agricultural area is expected to decrease. A an average yuse much lower than the present, ground waters have been steadily
small temporary increase is shown from 1930 to 1960 due to the citrus de- decreasing %mi many yglrs. It is also neccss:;ry tof ulsc so-cnlltidl "‘lo?g 1crlm
velopment, but this is lost later. ey averages” with care. Direct measurements of rainfall are available for only

. _over 72 7 il AL Sii years. During t(}m(; time tl e ranl?.al r.?te' 1as ](.:cn“gmlpf u[; and leWn in
Total Demand for Water—All Uses, All Sources alternating wet an ry cycles, which plot graphically like the teeth on a

. _ saw. It is certain that an “unusual” drought will occur sooner or later. If
The estimated population multiplied by the per capita use, plus agricul- , such an event should happen now, by a continuation of the present dry
tural and industrial development, multiplied by the proper use factors, gives : ‘ period, great damage would resuit.
3 » - 1 » : QT e
mmmmwmml%mﬂ A3 Sasowe ﬂmr/)/ s0f meréds !’ The city of Los Angeles is today usinﬁ a peak summer flow of 700 sec-ft.
General Citrus Im-f"“' D . Total” ' Of tms flow sec-1t. are being pumped from the underground basins of
agriculture cultt;rc "l“fl °“'°t:qtlc ; Ol?t ' Owens Valley, and 160 sec-ft. are being pumped from local gravel beds. A
};gg sigit. 5%?6t‘ qlca-} bl s:;;_ 5 //bfg:'zo' [Ef preser Al bare 10%, or 70 sec-ft., is derived from the natural surface flow. The re-
e 440 385 2035 708~ 1738 3/ 0 S F. merfase } y 194 0 mainder comes Trom reservoir storage waters accumulated through the winter
bl R LIV Do 190 34 043 2265 . months, largely also pumped from the gravels. The small surface flow, which
1950....... qeiss ‘_‘91 110 1129 :;‘:,,2 is the only “new water” coming into the svstem, is rapidly decreasing, and
iggg °°°°°°°° ‘;gg :13?) 174 1364 ;;'i"(’) may Decome neghgible belore the end o the summer. .Ground water levels 2
Y 43; 478 520 1429 ;859 are also going down, not only temporarily, but progressively,” :

Similar signs of distress are evident in other places. Only those com-

* New agricultural area added in San Jacinto V alley. munities adjacent to enormous underground basins have an adequate protec-

tion against a continuation of the present drought for even two or three years.
flave D

Safe Yield From Present Sources Much longer and more severe droughts een known to occur in the

q ? past. Whether the present average figures, based upon meager data, should

Determination of the safe vield from present sources of water supply for what @€ o 3 ' be implicitly relied upon as an indication of safe yield is doubtful. It may be
is equally as important as estimating the total future need, and is only : stated with certainty that a yield estimated upon the present record will not
slightly less difficult. The yield from present sources is obtained by adding be materially exceeded on the average, and an appreciable reduction in a pro-
together the measured uses and wastes, and subtracting any water that may \ longed period of drought is possible.

o2 - : ; Sl 2
g; m;hg:la,:::?p:f O&Ws;xaggntgﬂr; 'cag;lgﬁuga:;;sg:ggf:g h =g The best available estimate places the fully.dcvelopcd vield of present j For WHaQT ~mred
recorded. Also certain private companies selling water for both agricultural sources at 1530 sec-it,, dco?tlputhe{d e I;he_ lol:lg lt):mc (:i;v?rl:agc d"‘ftc,l'.'h't‘" ﬁlocal :
and domestic uses keep reasonably dependable records. However, much water ” waters are conserved an i BT MO0 ESIN DA BECR GEVEOPES. L WS Rgwe
is pumped by individual farmers and industries without any d;hlﬁni = is believed to be reasonable, subject to the limitations just named.
of_its_production being made. is subject of water use has been carefully '
studied by the State Department of Water Resources, the Metropolitan Shortages Must be Met by Overdraft
Water District, the city of Los Angeles, and other agencies, and a_figure for P

the total water used has been arrived at which is believed to be correct within resent use being practically equal to the full average yield of present
sources, continucd development of the region will cause an nevitable short-

[ 4 l '[ ._ i - -._a - -
a relatively small percentage of error. Records are also being kept of the age in supply, even assuming normal water conditions. With continued low

water wasting into the sea, It may be assumed that these two factors have k : :
: : S : : . rainfall the shortages will be severe. If no remedy were at hand, this would
been determined with all the accuracy required. The matter of withdrawals e vcr‘y sorious mattet. However, if the construction of ‘the aquedmct is
0

from underground basins is less definitely known. The computations for : S s
s R : Y ‘ not too long delayed, relief can be afforded by continuing to overdraw the
these withdrawals involve assumptions as to the porosity of the underground underground basins. The required drafts can perhaps be maintained with .

strata. Considerable study has been devoted to this part of the problem, and - ; : Oty Beresd
R b : serious difficulty up to , 1f the rain all |svn0rmal, or perhaps even to.l940. o
gﬂ;iid“ hich are sufficiently accurate for the present purpose have been Whatever the circumstances as to ramniall, this procedure cannot be continued

indefinitely without causing complete exhaustion of the underground basins,
It is generally agreed that the present use is in_excess of the long time and by 1 there will be urgent cause to stop this overdraft in many lo-
average yield. Assuming all Jocal streams fully controlled, and the D:‘;s An- calities. Also, in many places depletion will have reached a point where ex-

geles aqueduct brought up to full capacity by the addition of the Mono Basin . 7 traction of even the average safe yield will be expensive, and it_will be de-

water, it is thought that supply and demand would now be about balanced. / ' 5 : sirable te raril uy Colorado_River water while the overdrawn basins

There may be a small margin of excess, under Jong time average conditions are permitted to refill from natural inflows.

oves the B00 seels, Bt fosuicicnt, & Sappore grem O A This possibility of overdraft on the underground waters is peculiar to
Estimates of average vield by various authorities agree reasonably well. this region, and is a very fortunate circumstance. It permits the building up

Nevertheless, they should not be taken too seriously because of the short in advance of a demand upon the aqueduct with less risk of a disastrous

time that the present rate of use has prevailed. It is a notable fact that with water shortage due to a prolonged drought than would otherwise be incurred.

(8] _ : (9]
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If this vast store of water were not at hand, there would be serious danger
of shortage at the present time, and the Colorado River aqueduct would need
to be in service already. Excepting in a few isolated cases, it will probably
be possible to manage on borrowed water until a new supply can be ob-
tained, assuming a normal rainfall and all possible additions to present sup-
plies completed as planned.

Demands on the Colorado River Aqueduct

After the Colorado River aqueduct is completed, it will no longer be
necessary to resort to overdrait. The difference between the demand and
the local supply can be made up from the new source. The demand on the
Colorado River aqueduct will be the difference between the total estimated
demand and the supply irom other sources. For the first few vears™it is
assumed that the drait on the local supply will be reduced, allowing re-
covery from the accumulated overdraft which will occur during the construc-
tion period. Normal pumping of present sources is assumed to be re-estab-
lished by 1950. The resulting estimates are as follows: '

Diversion
Supply  Demand from
- from on Colo. River
Total present Colo. River to provide
demand sources  aqueduct demand
Year sec-ft. sec-ft. sec-it. sec-ft.
o S ENSPRSCR S e 1738 1331* 407 529
- SRS 1540 725 879
L R Sl I 2525 1540 985 1161
L T 2740 15340 1200 - 1401
o SRR 2859 1540 1286** 1500

* Reduction due to depletion of underground basins.
** Maximum available. Estimated demand is 1319 sec-ft.

A TENTATIVE PLAN .
FOR THE REPAYMENT OF THE AQUEDUCT COSTS

The foregoing estimates as to the water required from the aqueduct
can be realized only if the costs of the aqueduct and its operation are dis-
tributed in some just and equitable manner which will encourage utilizatio
of the aqueduct. It is not_feasibl visabl k
ments as to water prices at the present time.
curately when the aqueduct is put into operation and afterwards as condi-
tions change from time to time. However, it is possible to propose the essen-
tial elements of a plan of procedure, and to estimate the probable effect of
such a plan on water prices. Several possible plans have been suggested.

In the most desirable plan it is proposed that the obligations to be met
annually by the District be divided into two parts. The part repre-
sents ownership in the project—that is, it covers interest on ds and bond

etaile 0 -

repavments, and is to be allocated to the various political units of the Dis-
trict on the\basis of assessed valuation. 'I‘he part covers mainten-
ance, operation, purchase of power for pumping, storage charges for water,
and all other expenses except interest on bonds and bond redemptions, and
is to\ be allocated to the various cities, or other wholesale purchasers of

water, on the basis of aqueduct water used—that is, at so much per acre ft.,
or 100 cu. ft.
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These charges can be passed on to the ultimate consumer in any con-
venient manner to suit local conditions in each individual case. The operat-
ing charge will no doubt in all cases be collected through the sale of water.
The capital charge can likewise be added to the retail price of water if de-
sired. This latter charge would necessarily be spread over the water used
from all sources, rather than against Colorado River water only, as the

i st _be paid regardless of demand on the aqueduct. The
Colorado River water will not be isolated and sold to a special group of
ultimate consumers, but will be mingled with other waters, and the whole
sold at a price which will repay the cost of the combined supply. Theo-
retically, the Colorado River aqueduct is strictly a domestic supply project.
The sale of irrigation water is a secondary consideration. For this reason
it 1s assumed for the present that agricultural waters will bear no part of
the capital charge. Citrus water might, in certain cases where a right to
permanent use is granted, be able to bear some part of this cost.

In studying the effect of such a plan on water prices, it is assumed that
the construction program will be adjusted to provide facilities for delivering
water in accordance with the estimated demand. This requirement is ful-
filled most economically by limiting the initial construction to approxi-
mately half capacity on all readilv_divisible features, such as distributing
lines, pumping plants, siphons and storage reservoirs, but building the tun-
nels, covered conduit and lined canals of the main aqueduct, and the diver-
sion dam to full capacity in the beginning. Additions are assumed to be made
to the deferred features from time to time as required.

The initial construction is assumed to require six yvears. The total esti-
mated cost of the completed system is as follows:

Initial Construction

Diversion dam ......... $ 13,058,000
Main aqueduct......... . 143,470,000
Terminal storage ....... 17,352,000
Delivery lines ..... ceees 44.964,000

Total initial cost...... $218,844,000

Deferred Items

Main aqueduct ......... $ 12,888,000
Terminal storage ....... 13,320,000

Delivery lines .......... 38,484,000
Total deferred cost...$ 64,692,000

Total ultimate construction 7

ot i v, coinn's o u e s BEBS,II0,000

It is proposed to finance the initial installation by the sale of 50-year
bonds, with the first redemption deferred 15 years from date of issue. The
i imilar bonds, or from revenues,” Assum-
ing that deferred items will be built from bond sales, and hguring interest
at 434 %, ital charge begi
of operation, which is gll interest, and remains constant until the 9th year,
when redemption begins. This charge increases to a maximum of $17,289.000

in_the 15th year, and then reduces gradually to the end of the amortization

period, when 1t disappears.
e

this expense is assumed to be distributed uniformly over the domestic

(1]
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gud 4 F° is 3.69c per 100 cu. t. (16,06 per acre-fr) in 1990, 252 in 1950, TS0c in 1960,
2 and 1.83c¢ in 1980.This-charge applies to Colorado River water only, and

. creases to a maximum of $17,945.000 in 1954, after which it reduces, and dis-
Lo roff ,bm‘/f‘t/ appears at the end of the amortization period. The corresponding additions

End ®
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and industrial water sold by the cities of the District, the estimated increase

in rates necessary for this purpose in 1940 will be 4.18¢ per 100 cu. ft. ($18.20
;Té?mec_ﬂﬁgg%?'.ﬂc er 100 cu. it. ($14.01 per acre ft.) in

1947, increases again to a maximum of 4.51c per 100 cu. ft. ($19.64 per acre

ft.) in 1954, and then gradually decreases to the end of the amortization

period, when it disappears. The average increase in rates for capital costs

for the hrst 41 years of operation is estimated to be 3.33c¢ per 100 cu. ft. _—End
($14.55 per acre ft.). Bevond that time it soon becomes negligible. (_—

7 These items of cost are independent of the water delivered through the

! (Colorado River aqueduct. Also, they are computed on the basis of the water |
used by the cities which are actually members of the District, with certain :
apparently inevitable additions, and not on the total water needs as given on a
preceding page. The rates shown are not water charges to be assessed by
the District, but are estimates of the average additions to water rates in the
individual cities to reimburse the cities for lump sum pavments on account
of their respective shares in the capital expenses. /This means ot repayment
is not intended to be compulsory.” Any individual city may meet any part or
all of this expense in any legal manner it may see fit.

There will also be an operating charge for water delivered from the
aqueduct. This will include the operating and maintenance ot the aqueduct; ;
pumping) plants, reservoirs, distributing lines, the purchase of power for :
pumpipg, insurance, taxes on lands and on investments outside of California,
and Z1 other obligations of the District, except interest on bonds and bond
redemptions, with a small credit for return power from the distributing sys-
tem. This item is estimated to start at $4,731,000 in 1940, and to increase

ay dually with the growing demand for Colorado River water to a maximum
10 of S7401,000 in 1980. The corresponding unit cost of Colorado River water

0{ /p()’/ﬂ"‘/

not to all of the water used by the member cities.

If it is assumed that the deferred items are financed from revenues, the
interest and amortization charges will be reduced in the latter years of the
development, but an additional item must be added to create a sinking fund

which will provide money for building the additional units as needed. The 2
result is that the obligations are slightly increased in the early years, witha
corresponding reduction later. The total capital charge for 1940 is changed -~

to $13,072,000, which remains constant until 1949, and then gradually in-

/ to water prices are 5.25c in 1940, 3.72c in 1950, 4.68¢c in 1954, and gradually
# per’c9 reducing thereafter to the end of the bond period. The operating cost would
be the same as given above.

SIZE OF INITIAL DEVELOPMENT

The Colorado River aqueduct once it is constructed will serve the com-
munity indefinitely. For this reason an extended bond repayment period 1s
justined. Fiity-year bonds are contemplated. No repayment of capital
charges is to be made in the first 15 years. In other words, the project is
to be paid for almost entirely by coming generations. It would clearly be
unjust to proceed with a plan adequate for 15 to 20 years, but not suited to
expansion, to care for the needs of the people who must pay for it. The pro-
ject should be planned, as far as is practicable, to be fair to the entire group
upon which the burden of repayment must fall.

[12]
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Under a given set of assumptions, the best plan can be computed with
mathematical accuracy, but in using such computations many practical fac-
tors must be considered. The present generation must not be bankrupted
in order to make a large, but less essential, saving at some future time. On
the other hand, the future of the project should not be jeopardized for the
sake of a relatively small present reduction in annual expense.

If a half-sized aqueduct could be constructed and operated at half the
cost of a full capacity one, then adoption of such a size would save the in-
terest on half of the investment for a number of years. Such a saving could
be balanced against the reduced certainty in final perfection of water rights,
the disadvantage of having to go through another period of shortage and
other disadvantages of a partial development. But actually, half capacity
construction in certain features, costs much more than half as much as full
capacity. -

A large proportion of the work can be subdivided without appreciable
increase in construction cost. The pumping plants, and steel pipe lines must
be built in parallel units, for practical reasons. Units not needed at first may
be deferred with no appreciable increase in the ultimate cost of the project.
Also, these units can be added to quickly as additional needs develop. This
makes it easy to take care of unforeseen emergencies.

A main line tunnel of half capacity is estimated to cost approximately
709 as much to construct as one of full capacity. Also, the construction of
a second unit would require a considerable period of time. The same is true
of the covered conduits and lined canals. The cost of constructing the power
lines and pumping plants will be increased, due to the necessity for more
pumping plant houses and other duplications. To get an idea of the relative
merits of the two plans it is necessary to compare costs on the complete
project. The economic pump lift is greater on the divided line, and operation
and maintenance costs are increased due to the division of the works. As a
result, the operating charge for half capacity construction will always be
more than for full capacity initial construction. Amortized at 4349, this in-
creased annual expense is equivalent to an investment of $13,287,000. In
making comparisons this must be added to the cost of the divided line.

The comparative figures are as follows:

Initial Construction

Full-Sized Half-Sized Difference

Diversion dam ...... $ 13,058,000 $ 13,058,000

Main aqueduct ..... 143,470,000 108,076,800 $—35,393,200
Terminal storage ... 17,352,000 17,352,000

Distribution ........ 44,964,000 44,964,000

Total initial cost...$218,844,000 $183,450,800 $—35,393,200
Deferred Items

Main aqueduct .....$ 12,888,000 §$104,477,200 $+4-91,589,200

Terminal Storage ... 13,320,000 13,320,000

Distribution ........ 38,484,000 38,484,000

Total deferred cost.$ 64,692,000 $156,281,200 $4-91,589,200

Total ultimate con-
struction cost ....$283,536,000 $339,732,000 $4-56,196,000
Amortization of excess '

operation costs .... 13,287,000 413,287,000
Tolal: viniiiins $283,536,000 $353,019,000 $ 69,483,000
(13]
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The reduction in initial expenditure due to a half-sized line is $35,393,000.
This is not a true saving but is merely a deferment for a few ycars of a part
of the bonded indebtedness. The real saving is the interest on this amount
between the time of initial construction and the time that the second unit
must be built. If accumulated for a sufficiently long time, this interest would
tend to overbalance the excess cost of divided construction. However, a
deierment of more than 23 years is required before the accumulated interest
on the $35,393,000 saving becomes equal to the $56,196,000 increased construc-
tion cost plus the $13,287,000 value of the increased operating cost.

A comparison of rate increases and total obligations for full capacity
and half capacity main features is shown on Exhibit 2. It will be noted that
the half capacity line shows a slightly reduced capital charge for the first
four vears, after which time this charge is higher than for the full-sized
line, until the end of the amortization period. The construction of the dupli-
cate half capacity project must be completed by the eighth year and is
assumed to be begun in the third vear. The operating charge is higher for
the half capacity project at all times. The total obligation is slightly lower
on the half-sized line for the first four years, after which time it is perma-
nently higher, due to the necessity of preparing for a second barrel.

The increase in operating cost on the half-sized line is due to the in-
creased economic slope, requiring a higher pump lift, and to the division of
works, requiring a larger operating personnel. The slopes could, of course,
be made the same as for the full capacity line, but the capital cost would
thereby be appreciably increased. The amortized present value of the excess
operating costs is $13,287,000. This item cannot be reduced without increas-
ing the capital cost by an amount which exceeds the reduction in the item.

There are many factors which cause a half capacity tunnel or lined con-
duit to cost more than half as much as a full capacity one. In the first place,
for the same slope water runs slower in a half capacity channel, and area
of the water prism must be more than half as large as for a full capacity
line. This is partly, but not fully, offset by using steeper slopes, and in-
creasing the pumping costs. In the case of a canal in rough country, con-
siderable portions of the line are in relatively deep cut. The part of the
cut above the water surface is only slightly affected by increase in the capacity
of the canal. On the average the half-sized canal requires more than three-
fourths as much excavation as the full-sized. The concrete lining in the
reduced section is proportionately higher than the excavation. This is due
to the fact that the perimeter of the section, which requires lining, is pro-
portionately greater for the smaller sizes. The canal lining for the half-sized
conduit is 809 of that of the full-sized.

For a covered surface conduit the situation is more or less the same as
for a canal. The cover required to protect the conduits is constant. Also,
a practically constant clearance outside of the conduit structure is required
for the construction of forms, and in deep cuts the portions of the excava-
tion above the top of the conduit do not vary greatly with the capacity. As
a result, it is found that the half-sized conduit requires 65% as much excava-
tion as the full-sized conduit.

Departure from theoretical in the case of tunnel excavation is due to
the increase in water prism, caused by a reduced hydraulic efficiency
and to the effect of certain arbitrary limitations as to thickness of lining.
The excess excavation is less than for either the canal or conduits. The
variation in concrete for the tunnel is affected by the slower velocity and
arbitrary limits in thickness of lining. A percentage of 67 is estimated for
the half-sized lines.

[14]
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In the shafts where size is dependent upon equipment requirements and
is the same in all cases, the excavation is practically the same for a large
as for a small tunnel.

The quantities of other conduits, such as siphons and steel pipe lines,
are affected in a similar manner.

The percentages of primary quantities may be summarized as follows:

Full Hali
Item capacity  capacity

Capacity ........ ceee..100% 0%
Excavation—canal ...... 100 77
Excavation—conduit. ...100 65
Excavation—tunnel .....100 56
Concrete—canal ........ 100 &0
Concrete—conduit ...... 100 57
Concrete—tunnel ....... 100 67

Unit costs are also higher for the smaller line. A large part of the plant
equipment depends upon length as well as size, and is not materially re-
duced for a half-sized line. Many items of labor are also more or less con-
stant, regardless of size, within the limits under discussion. Rights of way,
roads, telephones, water supply, fences, drains, diversion dam, headworks,
auxiliary storage, pump control basins, preliminary investigations and over-
head are substantially constant for any size.

Taking all these factors into consideration, a half-sized line is economic-
ally infeasible unless the completion of the duplicate installation can be de-
ferred until about 1960. Such deferment is out of the question.

SUMMARY

In conclusion, it appears that the construction of a Colorado River
aqueduct should be started at once.

Provision should be made for an ultimate diversion of 1500 sec-ft., of
water from the river. _

The pumping plants, steel pipe lines, terminal storage works, distribu-
tion lines, and other readily divisible features should have an initial capacity
sufficient to supply the water need up to about 1950. This calls for about
100,000 acre ft. storage capacity, and approximately half capacity in the
other divisible items. : !

The main aqueduct tunnels, covered conduits and lined canals should be
constructed to full capacity in the beginning.

The diversion dam, if constructed at the beginning, will necessarily be
built full size. If it is found necessary, for any reason, to defer the con-
struction of the diversion dam, then the substitute temporary clarification
and pumping works should be held to the minimum installation that will
satisiy the water demand. These works will consist of units which can be
added to as required.

A bond issue of $220,000,000 to cover the estimated cost of the required
diversion works, pumping plants, aqueduct, terminal storage and delivery
lines should be submitted to a vote at the earliest practicable moment.

Whether the deferred construction work, amounting to $64,692,000,
should be financed by a future bond issue, or from revenue, should be left for
future determination.

[16]
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