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Tl1e Need for ·water in Southern California 
'rhe 1\lctropolitan \.Yater District, and the city of Los Angeles before it, 

ha\'C been studying the Colorado River aqueduct problem for many years. 
'fhis problem has been gone into exhaustively in all its phases, and it is 
e\'ident that some new source of water supply must soon be pro\'ided for 
Southern California. Studies made by the Metropolitan \Vater District lead 
inescapably to the conclusion that the time for beginning such a project has 
arri\'ed. . 

General Water· Supply Situation 
It is well known that Southern California is naturalh· 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 ~ certain amount of run-ofL especially in the hills and mountains. This is 
due to the fact that precipitation often comes in heavv downpours, falling 
too fast to soak into the ground. Present development in Southern Cali-
fornia has been made possible by the savin of these waste waters from the 
surrounding mountains, and by the pre,·entton o wastes in the valleys them-
selves. This conservation is made fca ible by the fact that the foundation 
underlying the soil surface is not solid rock, but is porous gra,·cl. The Yoids 
in this material form a vessel of vast e.xtent in which the excess waters of 
heavy floods may be stored and held for usc in time of drought. The natural 
tendency of flood waters to enter these underground basins has been assisted 
!>Y conservation works, until now very little water escapes down the riYers 
mto the sea. 

In addition to the local waters, an important importation is made by 
Los Angeles from the Owens Rh·e·r basin through the present aqueduct. 
This supply is conserved at its source in much the same way as the local .. 
supplies. 'fhe flow of the Owens Rh•er is verv irrc ular. \Vhen the run-off 
is high, the waste waters fill the gravels o wens a ey. In dry periods 
this water is pumped out again to maintain the flow in the aqueduct. 

\Vater 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 extract in the waters which bnve accumulated throu · hout ast a es 
before tne e caent mo ern e. ectraca pump was in\'ented. 

'l'hat the use is exceeding the inflow is evident to e\'en the casual ob-
server. Not many years ago bountiful supplies of ground water were avail-
able almost everywhere at reasonable depths. 0\'er an area of 315 square 
miles water flowed from wells under artesian pressure. Artesian flow has 
now practically disappeared, and water levels have dro ed e\•ervwhere..: 
Levels along the coast have been pumpe( c own e ow sea eve • causmg salt 
water to Aow landward, and wells in the foothill regions ha\'C 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. 

'l'o 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 ~h~mld he u~~d to 
equalize the fluctuating water supply. llut they a.rc now bl!m~ ~~~awn down 
too deeply. Supported by an inflow which will keep them ~utlu:acntly well 
filled in normal times, these !.tnderground r~s~n·oir~ arc ,·aluahls: i~J:snranc~ 
a ainst tern oran· failure of other source~. Empty, th~y arc a dctruns:nt to 
proper ut1 azat10n o norma oca supp 1c~. 

It is not difficult to see that some incrca:'c in wats:r ~upply is needed 
immediately. However, to determine the ultimate ammmt of new w:1tcr 
that \Vill be needed, the rate at which it ~hould be made a\"ailab1c, and the 
extent to which this need can be supplied by the impro\'emcnt of existing 
sources, requires the careful balancing of many factors. 

ESTIMATED DEMAND FOR WATER IN THE 
METROPOLITAN AREA 

The probable demand on the Colorado Ri\'er aqueduct is determined 
by first estimating the total future water needs of the metropolitan area, and 
then deducting the estimated supply from other sources. 'l'hc. total demand 
is determined from the predicted population. probable arrricultural deve]o -
ment or retrogression, and the C);pected growth of industry. • ach o these 
factors must be carefuJly analyzed separately. 
Population . 

/ . The number of people in the ).[etropolitan District area has been doub-
ling, on the average, each ten years since 1890. 1t is eviilent that this process 
cannot continue indefinitely. as the resulting population growth would be 
unprecedented. Retween 1920 and 1930 the population increased from 
1,080~000 to 2,497,000,. an incrt"a!'c of 1.417.000 people, or 131%- The same 
ratio of increase from 1930 to 19-W would add 3,263,000 people, bringing the 
population up to 5,760,{)(X). Such an increase is thought to be unlikely. How-
e\·er, it is reasonable to assume that the same number of people will be 
added to the opulation in the resent decade as in the 1920:1930 . eriod. 
This would mean the ad(Jition of another -ttf.l7Jj()(j peop e; bringing the poi}li: 
lation in 19-ID up to 3,914.000. This would gh·e a 56.6% increase for the 
present decade~ as against a 131% increase fr.om 1920 to 1930. It is believed 
that such an increase may . reasonably be expected to occur, and to continue 
for some time into the future. The possibility of a ma:ximum rate of growth 
at least as great as this assumption should be considered in plans for the 
future. The possibility of a slower rate of growth also needs to be con-
sidered. The ideal project should not be so large as to be a financial burden 
should a minimum rate of growth pre\·ail, nor so small that it cannot be 
economically enlarged to care for the maximum. 

Aiter 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 
the present decade is 1.220,000 against 1.417.()00 for 19ZO:.l930. The csti-
ma~ed increase is less for eacl~ succeeding p~riod. The estimated percentage 
of mcrease from 1930 to 19-10 1s 49%. as agamst 131% for 1920 to 1930. The 'f.. ercenta e of increase dro s down ra icll • 10 · · . 

. e ata of a e l are also show~ !p'apbically on Exh!bit 1, in comparison 
w•~h the recorded growths of s1mtl!lr ~reas embracmg New York and 
Ch1c~go. The past growth of the Umted St~tes, a!ld t~e future growth as 
pred1ct~d by Raymond ~earl,, of Johns Hopkm~ pmvers1~y, an. a~thority on 
population growths, arc ltkew1se shown on Exh1bat 1. Thas exh1btt is platted 
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. 
on ratio paper to accentuate the fact that the percentage o£ brruwth de-
creases for each successive decade. 

For equal populations the growth curves for the three ~·itie:; arc more 
or less parnllel, signifying approximately equal growth:;. Prt~)r to 1' 3~ the 
metropolitan curve is somewhat ~tcepcr than the other:::. l'hc predtctcd 
curve bends over rapidly and if carried slightly further woulcl. become 
parallel to the predicted cun·e for the United ... tate~ as a whole. Tlu~ means 
that eventuallv Southern Caliiornia i.; assumed to ~row at ••ppruxun;ttcly 
the same rnte; or percentage, as the country in ~encral. South~rn California 
being without que tion the most desirable residence scctwn ot the _coun~ry, 
this can occur only because of the exhaustion ot opportumty. CommlcrattOlt 
of these facts leads to the conclusion that the estimated rate of growth ~hown 
in Table 1 is a minimum value. and that planning a water supply for a lesser 

growth would be unwise. 
. . 

The water requirement of a gh·en population for domestic uses is de-
termined b,· multiplying the number of people by some arbitrarr rate of usc 
per day. The per capita use of water Yaries with general climatic conditions. 
abundance of supply, retail cost, general living standards, and other factors. y' 
The domestic use at resent in the metro olitan area \'aries from about 120 · 
ga ons per captta per ay 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 genera) 
tendenc\· for the per capita usc to increase due to improvement in the scale 
of living. It is thought likely that the peak has no~ yet been reached. How· 
ever, to be conservative, a future average domesttc use of 120 gallons has . / 
been assumed for the District. The domestic demand is obtained by mul- v 
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tiplying the estimated population hy this rate of usc, and making ccrt:ain 
minor corrections for special conditions and overlapping llscs. 

The Industrial Demand 
'!'here arc today 2150 industries in Los An eles C~.u'!t . of such mag~i­

tudc as to require scgrcga ton mto 111 ustrm zones. I Ius 1s about one m· 
dustry for each 1000 inhabitants. I~dust.rial de,·clopment l.1as been a. p0.n~ 
factor in the growth of Southern Cahforma for the past ten years. Vtth the 
assurance of a sufficient water supply available there is every reas.on to 

' belic,·c tha~ its in~uencc will be increased. in ~years o c'?me. The pres-
ent industrml use 1s 18% of the total. .lt-t~xpccted that tlus percentage of 
use will gradually increase to an average of .about 27% in 1950, .~crhaps re-
maining constant after that date. Industr~al uses m other c1ttes arc as 
follows: 

.. 
Baltimore, 1\fd ..••.......... 25% 

· · Bridgeport. Conn .•......•.. 52 
· Chicago, Ill ................• 19 

~ Kansas Citv, 1\fo .......•.... 35 
1\fiJwaukee; \Vis ............ 65 
New York City ..... : .... · .• 22 
Rochester, N. Y ............ 26 
Springfield, 1\fass ........... 3 

A veragc ....•......... 34% 

• 

V 'rhc estimated·. rate for Southern California is . well below the a\·erage for 
these c1taes. 'l'hts cstunate is thought to be reasonable, and failure to pro-
vide for it would be unwi.sc. · 

v 
Agricultural Development f. . 

The agriculture ·or the rcgiot\ .. is best considered under two headings-
cneraJ a· iculturc and citrus culture. It is usually assumed that general 

agncu ture, w tc 1 consists of alfalfa, truck gardens. general field crops, etc., 
will not increase in this area. 'fhere are considerable areas of vacant lands 
w 1c may eventun y >e ( cvotcd to general crops, but it is assumed that 
some areas now irri ated will he converted to urban uses. As a net result, 

e area evote to genera crops IS assumed to decrea ·e gradunlly through-
out the amortization period. It appears likely that some areas no.w de\:oted 
to citrus will likewise he con\·crted to city uses. Other mnrgmal cttrus 
nreas arc likely to be nbancloned to general agriculture, but careful study 
leads to the conclitsion that the net citrus acrea e is likel to increa!o' slowl • 
for the next few decades. 'rhe csttmate tota acrenges tkely to he devoted 
to agricuhure arc a~ follows: 

Year 
Gcnernl farming 

and deciduous acres 
1930 ••••..•.... . ... • . 302,000 
1940 . ................. 287 ,(X)() 
1950 .•....•..•....... 256,000• 
19(5() ••••••••••••••••• 247 ,ooo• 
1970 ................. 234.000• 
1980 .••••..•.....•.•• 21.9,000• 

Citrus 
acres 

188,000 
193,000 
252,000 
264,000 
256,000 
249,000 

'l'ot:tl 
acres 

490,000 
480,000 5os,ooo• 
st t.ooo• 
490,000• 
468, ()()(). 

• Does not 'include 50.000 ~cres of temporary usc in Snn Jacinto Valley. 
[7] 
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On the average the gross agricultural area i~ expected to decrease. A 
small temporary increase is shown from 1930 to 1960 due to the dtrus de-
velopment, but this is lost later. •7 1 ~ Y'f't/.S c> / over q:z ,., 11 v · 
Total Demand for W ater-All Uses, All Sources 

, 

The estimated population multiplied by the Jlcr capita usc, plus agrieul-
tu~l and industrial development, multiplied by the proper u:;e factors, gi\'es • 
a total estimated use of water in the metropolitan area as follows': lfpqrf. . ~-02 1ntrftl!;e 

General Citrus Indus- / Y 
agriculture culture trial Domestic 'l'otal · 

Year sec-ft. sec-ft. sec-it. sec-ft. seC-ft. 
1930 .....•..•• 464 376 103 .. 4ii / 1420 
1940 ...•••.... 440 385 205,..... 708 1738 
1950 .•.•.•.... 491* 490 341 943 2265 
1960 .......... 496 490 410 1129 2525 
1970 .. .. ..••.. 472 490 474 13(» 2740 
1980 .......... 432 478 520 1429 2859 

*New agricultural area added in San Jacinto Valley. 

Safe Yield From Present Sources 
Determination of the safe ,·ield from resent sources of water stt 1 

is ,equalh· as important as estimatmg t e tota uture need, and is only 
slightly less difficult. The yield from present sources is obtained by adding 
together the measured uses and wastes, and subtracting any water that may 
be withdrawn from the underground storage basins. The waters produced 
by the principal citier:o: of the District are generally carefully measured . and 
recorded. Also certain prh·ate companies selling water for both agricultural 
and domestic uses keep reasonably dependable records. However, rot ch water 
is pum[>ed bv individual fanners and industries without anv de6nit . re 
o 1 s pro uctlon · emg rna e. ts su Ject of water use has been carefully 
studied by the State Department oi 'Vater Resources, the 1\letropolitan 
Water District, the city of Los Angeles, and other agencies, and a figure for 
the total water used has been arrived at which is beJie,·ed to be correct within 
a re ative y sma percentage o error. Records are also being kept of the 
water wasting into the sea. It may be assumed that these two factors have 
been determined with all the accuracy required. The matter of withd.rawal~ 
from underground basins is less definitely known. The computations for 
these withdrawals in\folve assumptions as to the porosity of the underground 
strata. Considerable study has been devoted to this part of the problem. and 
figures which are sufficiently accurate for the present purpose have been 
deduced. 

It is ~eneratly. a · eed that the resent use is in excess of the Ion . time 
average yteld. Assummg a oca streams u y contro e , an · t e s · n-
geles aqueduct brought up to full capacity by the addition of the 1\fono Basin . 
water, it is thought that su 1 and demand would now be about balanced. 
There may be a small margm _o e.xcess, un cr ong ttme average con ttsons 
over the 19.30 needs, but insufficient to support growth until 1940. 

Estimates of average yield by various authorities agree reasonably well. 
Nevertheless, they should not be taken too seriously because of the short 
time that the present rate of use has prevailed.. It is a notable fact that with 
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an a\'cragc e nch lnw •r h:m the · >resent, ground waters have hccn stc;ulily 
decreasing or many years. lt is also necessary to usc so-caHcc.l ••Jong term 
averages" with care. Direct me:•surcments of rainfall :1rc avnilahle for on) · 
53 years. During that tnnc t 1c ram al rate· 1as been gomg up and down in 
alternath~g wet pond dry cycles, which plot graphically like the teeth on a 
saw. It 1s ccrt:un that nn .. unusual" drought will occur sooner or later. If 
such an event should happen now, by a continuation of the present dry 
period, great damage would result. 

The cit of Los An cles is todav usin a eak summer flow of 7 ~t. 

Of t us ow sec.:. t. are emg pumpe rom the underground basins of 
Owens Val1ey, and 160 sec-ft. arc .being pumped {rom local gravel beds. A 
bare 10%, or 70 sec-ft., is derived from the natural surface flow. The re-
mainder comes from reservotr storage waters accumulated through the winter 
months, largely also pumped from the gravels. The small surface flow, which 
is the only "new water" comin into the s\rstem is ra ~hl!Y. decreasing, and 
may become neghg-1 e e ore t e en o · t e summer. Ground water levels 
are also going down, not only temporarily, but progressively/ 7 

Similar signs of distress are evident in other places. Onlv those com-
munities adjacent to enormous underground basins have an ade.quate protec-

. tion against a continuation of the present drought for e\·en two or three years. 
l\1uch longer and more severe droughts have oeen known to occur in the 
past. Whether the present average figures, based upon meager data, should 
be implicitly relied upon as an ·indication of safe yield is doubtful. It mav be 
stated with certainty that a yield estimated upon the present record wili not 
be materially e."<ceeded on the average, and an appreciable reduction in a pro-
longed period of drought is possible. 

The _best a\'ailable estimate laces the full , de\reJo ed vield of resent .!~,.. ·,•,4mf .lfr~1 ? 
sources at 1 0 sec- t., computed as the long time average after all local J . 
waters are conserved and after 1\1ono Basin has been developed. This figure 
is believed to be reasonable~ subject to the limitations just namcc.l. 

Shortages Must .be Met by Overdraft 
Present usc bein racticall , e ual to the fu11 avera e •ield of resent 

sources, contmuc · eve opment o t c regmn wt cause an mcv1ta e s ort-
age in supply, even assuming normal water conditions. With continued low 
rainfall the shortages wilt .be severe. If no remedy were at hand, this would 
be a very serious matter: However, if the construc}io~ of the aqueduct is 
not too long delayed, rehef can be afforded by conftnumg to o\'erdraw the 
underground basins. The re uired drafts c:m erha s l1c maintaine i h 
serious difficult u to t the rain all is normal or erha s even to 1940. c, )' E v r r'JJ 

atevcr t e circumstances as to ram a • t as proce ure cannot be continued 
indefinitely without causing complete exhaustion of the underground basins, 
and by 1940 there wiU be urgent cause to stop this overdraft in many lo-
calities. Also, in many places depletion will h01ve reached a point where ex-
traction of even the average safe yield will be expensive, and it will he de· 
sirablc temporarily to buy Colorado River wattr while the oyerdrnwn basins 
are permitted to refill from natural inflows. 

This possibility of ~verdraft on the underground waters is peculiar to 
this region, and is a very !o.rtunatc circumstance. It permits the building up 
in advance of a demand upon the aqueduct with Jess risk of a disastrous 
water shortage due to a prolonged drought than would otherwise be incurred. 

• [ 9] 
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If this vast store of water were not at hand. there wnultl he ~crhn1~ clanJ.:l'r 
of shortage at the present time. ;md the Colorado Rh·l'r aqucdu.:t wmahl need 
to be in service already. Excepting in a few i~nlatctl .:a~e~. it will probably 
be possib!c to manage on borrowed water until a new ~npply .::m he flh-
tained, assuming a normal rainfall and all po~:'ible adtlition!O to prc:'cnt sup-
plies completed as planned. 
Demands on the Colorado River Aqueduct 

After the Colorado Ri\"er aqueduct i~ complctl'd. it will no longer be 
nece- -ary to resort to overdraft. The ditTcrencc between the tlcmand and 
the local supply can be made up from the new source. The demand on the 
Colorado River aqueduct will be the ditTcrcn.:e between the total c:Otimatcd 
demand and the supph· irom other source~. For the first few yc:~.rs"""h is 
as...;umed that the draft on the local supply will be rcc.luccd. ;illo\\·ing rc· 
CO\'ery from the accumulated o\'erdrait which will occur during the construc-
tion pcnod. Normal mm in oi resent ~ourcc~ is a:.o:sumed to be re-estab-
lished b\· 19.50. The re~ulting cstnnatcs arc as to ows: · 

Total 
demand 

Year sec-ft. 
1940 ......•.•....... 1738 
1950 . .............. . 2265 
1960 ?-?-••..•••.•.•.••.. -::1-~ 
1970 ................ 2740 
1980 .. ...........•.. 2859 

upply 
·from 
present 
sources 
sec-ft. 
1331* 
1540 
1540 
15-40 
1540 

Di,·crsion 
Demand · from 

on Colo. Ri,·er 
Colo. River to proYide 

aqueduct demand 
sec-ft. sec-ft. 

407 529 
725 879 
985 1161 

1200 1401 
1286•• 1500 

* Reduction due to depletion of underground basin~. 
** :\la..·.,dmum 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 utilization 
of the aqueduct. It is not feasible or advi~able to make detailed commit-
ments a to water prices at the present time. This can be done more ac-
curate~)· 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 oi procedure, and to estimate the probable effect of 
uch 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 "botras and bond 
re a.vments. a.nd is to be allocated to the vario~s ~lliJttcal units of the Dis-
tnct on t 1e basis of assessed valuation. The econ part covers mainten-"J- ance, operation, pure ase o power or pumping, s orage charges for water, 
and }11 other expenses except interest on bonds and bond redemptions, and 
is to, be alJocated 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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'l'hese clmrgcs can be passed on to the ultimate consumer in ~my con-
venient manner to suit local conditions in each individual case. 'l'he operat-
ing charge will no doubt in all cases be collected through the sale of w:ttcr. 
'l\he 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 
~ital charges must he paid rcgardlc~s of demand on the aqueduct. The 
Colorado River water will not he 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. 'fheo-
retically, the Colorado River aqueduct is strictly a domestic supply project. 
The sale of irri ation water is a sccondar r consideration. For this reason 
it is assume or t c present t at agracu tura waters w•ll bear no part of 
the capital charge. Citrus water might, in certain cases where a right to 
permanent usc is granted, be able to bear some part of this cost. 

In studving the effect of such a plan on water prices, it is assumed that 
the construction program will be adjusted to provide facilities for delh·ering 
water in accordance with the estimated demand. This requirement is ful-
filled most economically by limitin the initial construction to a roxi-
tJljltely half capacity on all reac 1 v t\' tS1 e caturcs, sue 1 as •stra Juttng 
lines, pumping plants, siphons and storage reservoirs, hut building the tun-
nels, covered conduit and lined canals of the main aqueduct, and the dh·er-
sion dam to full capacity in the beginning. Additions arc assumed to be made 
to the deferred features from time to time as required. 

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

Initial Construction 
Di\'er~ion dam ......... $ 13,058,000 
!\fain aqueduct •.•.••...• 143,470,000 
'ferminal storage . . . . . . . 17,352,000 
Delivery lines . . . . . . . . . . 44,964-,000 

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

1\fain aqueduct ......... $ 12,888,000 
Terminal storage • . . . . . • 13,320,000 
Delivery Jines . . • . . . . . . . 38.484,000 

'rotal deferred cost. .• $ 6-l,692,000 
'rotal ultimate construction / ? 

cost ................. $2&~.!136,000 
It is proposed to finance the initial in~tallation by the sale of S~ycar 

bonds, with the first redemption deferred 15 years from date of issue. The 
• a r , si ilar honds or from rc\'enucs/A~sum-

ing that deferred items will be hualt from bond sa cs, and hgurang interest 
at 4~%, i nl char c he "ns nt 10 395 000 in the fir. t ·car 
of operation, which is all interest, and remams constant until the t 1 year. 
when redemption begins. This charge increases to a maximum of 17 2 9000 
in the 15th Kcar, and then reduces gradually to the en o t 1e amortization 
peraod wbc_ it disnppenr~. 

~his expense is assumed to be distributed uniformly over the d mest.ic 
[It] 
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and industrial water sold b,· the cities of the District. tht• ttstimatctl im·rt•asc 
in rates necessary for this ·ur ose in 1940 will he 4. Uk per 100 ~n. ft. ($18.20 
p r acre . . 1s ecreases to · ·--C per 100 cu. ft. ($14.01 per acre ft.) in 
194-7, increases again to a maximum of 4.51c per 100 en. ft. ($19.CH per :acre 
ft.) in 1954, and then graduallv decreases to the end of the nmortization 
period. when it disappears. The aYerage incren~e in rates for c:tpital costs I · t{ 
tor the first 41 years of operation is e timatcd to be 3.33c per ·too cu. Ct;_--Eilfl c l'~r'" 
($14.55 per acre ft.). llevond that time it soon becomes negligible. __-- . 

1 /:: These items of cost are independent of the water dcliYered through the 
. (Colorado River aqueduct. Also, they are computed on the basis of the water 

used by the cities which arc actually members of the District, with certain 
apparently ine,·itable additions, and not on the total water needs as gh·en on a 
preceding page. The rates shown are not water char es to be assessed by 
the District, but are estimates o the aYerage additions to water rates in the 
indiYidual cities to reimburse the cities for hnn sum a\·ments on account 
of their respectiYe shares m t e cap1ta expenses. ns means o repayment 
is not intended to be compulsory. • ny m< n·1 ua city may meet any part or 
all of this e.xpense in any legal manner it may sec fi_t. 

There will also be an o eratin~ charge for water delivered from the 
a ueduct. This wm inclu c t c operatmg an mamtenancc o t e aque uct; 
pumpm plants, reservoirs, distributing lines, the purchase of power for 
pumpi , insurance, taxes on lands and on inYestments outside of California, 
and I other obligations of the District. except interest on bonds and bond 
redem~ions. with a small credit for return power from the distributing sys-
tem. his item is estimated to start at $4,731,000 in 194-0, and to increase 
gradually with the growing demand for Colorado Rh·cr water to a maximum 
of $i,401,000 in 1980. The corresponding unit cost of Colorado River water 
is 3.69c per 100 cu. ft. ($16.06 per . m , -·-'-C m 1 .:> , 1.99c in 1960, 
and l.83c in 1980. Tb~ rge applies to Colorado Rh·er water only, and 
not to aU of the water used b,· the member cities. . 

If it is assumed that the deferred items arc financed from revenues. the 
interest and amortization charges will be reduced in the latter vears of the 
development, but an additional item must be added to create a sinking fund 
which will provide money for building the a4ditional units as needed. The 
result is that the obligations are slightly increased in the early years, with a ,...- ~? 
corresponding reduction later. The total capital charge for 1910 is changed / 
to $13,072.000, which remains constant until 1949, and then graduallv in-

. creases to a maximum of $17,945.000 in 1954, after which it reduces, and dis-
E'n t-f /"~r;od a ears at the end of the amortization eriod. The corresponding additions 

d to water pnccs are .:>.-.:>c m l , 3.72c in 1950, 4.6& in 1954, and graduallv 
~ / "f p rr'c reducing thereaft;r to the end of the bond period. The operating cost would 
~,, be the same as gl\'en abo\'e. 

SIZE OF INITIAL DEVELOPMENT 
The Colorado Rh·er aqueduct once it is constructed witt serve the com-

munity indefinitely. For this reason an extended bond repayment per1od is 
JUsftfied. Fifty-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 bv 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 
nP.On which the burden of repayment must fall. 

[ 12] 
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Under a given set. o£ assumptions, the best t,lan c;m he computed with 
mathematic:1l accuracy, but in using such computations many practical fac-
tors must he considered. 'I'he resent cneration must not be bankru ted 
in order to make a large, but less essentta , savmg at some uture tmte. n 
the other hand, the future of the project should not be jeopardized for the 
sake of a rclati\'ely small present reduction in annual expense. 

If a half-sized aqueduct could be constructed and operated at half the 
cost o£ 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 dis~dv~ntages .of a partial de,•elopment. But actually, half capacity 
constructton m certam features, costs much more than half as much as full 
capacity. 

A large proportion of the work can be subdh·ided 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 rna\· 
be deferred with no appreciable increase in the ultimate cost of the project. 
Also, these units can be added to quickly as additional needs de,·elop. This 
makes it easy to take care of unforeseen emergencies. . 

A main line tunnel of half capacity is estimated to cost approximateh· 
70% as much to construct as one of full capacity. Also, the construction of 
a second unit would require a considerable period o£ time. The same is true 
of the co\'ered conduits and lined canals. The cost of constructing the power 
Jines and pumping plants will be increased, due to the necessit\· for more 
pumping plant houses and other duplications. To get an idea of the relath·e 
merits of the two plans it is necessary to compare costs on the complete 
project. The economic pump lift is greater on the dh·ided line, and operation 
and maintenance costs arc increased due to the division of the work . As a 
result, the operating charge for half capacity construction will alwan; be 
more than for full capacity initial construction. Amortized at 4~ %. tliis in-
creased annual expense is equivalent to nn in\·estmcnt of $13,287.000. In 
making comparisons this must be added to the cost of the divided tine. 

The comparative figures arc as follows: 
Initial Construction 

FuJI-Sized 
Diversion dam ...... $ 13,058,000 
1\fain aqueduct .. ·..• 143;470,000 
~rerminal storage . . . 17,352,000 
Distribution . . . . . . . . 44,964,000 

'l'otal initial cost ... $218,84-J,OOO 
Deferred Items · 

1\fain aqueduct .•... $ 12,888,000 
~rerm ina I Storage . . . 13,320,000 
Distribution • • . • . . . . 38,484,000 

'l'otat deferred cost.$ ·64,692,000 
'l'otal ultimate con-
struction cost ...• $283,536,000 

Amortization of e.xccss 
operation· costs .... -----

Half-Sized 
$ 13.058,000 

108,076,800 
17,352,000 
44,964 ,000 

$183,450,800 

$1<».477.200 
13,320,000 
38,484,000 

$156,281,200 

$339,732,000 

13,287,000 

Difference 

$-35,393,200 

$-35,393,200 

$+91 ,589,200 

$+91.5 9.200 

$+56,196,000 

+B.? 7,0CIJ · 

'l'otal .........•. $283,536,000 $353,019,000 $ 69,4 3,000 
[13] 
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The reduction in initial expenditure due to a hal£-:-izcd line is $35,393,000. 
This is not a true saving but is merely a dc£erment fnr a few year~ of a part 
of the bonded indebtedness. 'l'he real ~aving is the intcrc~t n thi~ 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 interc~t would 
tend to oYerbalance the excess cost of di,·idcd con~truction. Howe\'er, a 
deierment of more than 23 years is required bdorc 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 \'alue 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 cn.pital charge for the first 
iour years, after which time this charge h~ hi~hcr 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 year. The operating charge is higher for 
the half capacit\· project at all time5. The total obligation is slightly lower 
on th~ half-size"d line for the first four years, after which time ·it is perma-
nently higher, due to the nece:;sity 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 capacih· line, but the capital cost would 
thereby be appreciably increased. The amortized present value o£ the excess 
operating costs is $13,287.000. This item cannot be reduced without increas-
ing the capital cost by an amount which e.''(ceeds the reduction in the item. 

There are many factors whi~h 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, 
ior the same slope water runs slower in a half capacity channel, and area 
of the water prism must be more than hal£ 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 countryr 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 can·al 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 lini.ng, is pro-
portionately greater for the smalJer sizes. The canal lining for the half-~ized 
conduit is 80% of that of the full-sized. 

For a covered surface conduit the situation is more or less the same as 
ior a canal. The cover required to protect the conduits is constant. Also, 
a practically constant clearance outside of the conduit structure is required 
ior the construction of forms, and in deep cuts the portions of the excava-
tion abo,·e the top of the conduit do not varv greatly with the capacity. As 
a result, it is found that the half-sized conduft 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 Jines. 
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In the shafts where size is dependent upon equipment requirements :md 
is the same in all cases, the exca,·ation is practically the ~ame for a large 
as for a small tunnel. 

The quantities of other conduits, such as ~iphons anti steel pipe lines, 
are affected in a similar manner. 

The percentages of primary quantities may be summarized :ls follows: 
Full Hall 

Item capacity capacity 
Ca . I oor·· ·or· pactt)• • • • . . . . • • . • . . . . , o ~ 1o 
Exca,·ation-canal ...... 100 ii 
Exca,·ation-conduit. . .. 100 65 
E."'(caYation-tunnel ..... 100 56 
Concrete-canal ••...... tOO SO 
Concrete-conduit .•.... 100 5i 
Concrete-tunnel ....... 100 6i 

Unit costs are al~o higher ior the smaller tine. A large part of the plant 
equipment depends upon length as well as siz~. and is not materially re· 
duced for a hal£-sizcd line. :\lan,· items of labor arc also more or less con-
stant, regardless of size. within the limits under discussion. Rights of way, 
roads, tclcphoncs, water supply, fences, drains, di\'ersion dam, headworks, 
01uxiliary storage, pump control basins, preliminary investigations and over· 
head arc 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· 
ierred 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 rh·er. 
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 hal£ capacity in the 
other divisible items. · 

The main aqueduct tunnels, co\·ered 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 di\'ersion dam, then the substitute temporary clarification 
and pumping works should be held to the minimum installation that will 
satisfy 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 
Jines should be submitted to a vote at the earliest practicable moment. 

'Vhcther 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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