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P a r t  I - TEXT 
Page 11 In the 1st line, the 2nd word,  "estimated" 

should read "estimate" 

Page 17 In the bold face heading, "Reservoir" should 
read "Reservoirsu 

P a r t  XI - APPENDICES 
Table A - 1 

Page B-2 

Table B - 1 

Table A- 3 

Worksheets 

In the 3rd line under "COLORADO", "Uper" 
should read "Uppern 

In the 2nd line, "1914" should read "1921" 

Study No. 21, Pe-riod "1906- 1964" should read 
"1906-1965" 

Study No. 23, Per iod "1914-1965" should read 
"1914-1964" 

In the 1st line under "COLORADO", "14,000" 
should read "45,000" 

In the 1st line under "UTAH", "151,000" should 
read M150,000" and "49, 000" should read "48,000" 

Following Table B - 1 - unde r  "Upper Basin Spill" 
the mean should be a s  follows: 

Study No. Mean Should Read 



Study No. Mean - Should Read 

Table C- 1 In the 1 st line of the sub-heading, "Uper" should 
read "Upperll 



TIPTON. PRESIDENT 
,UN UALM BACH. VICE-PRES 

HUNT. TREASURER 
U I R G I S .  SECRETARY 

TIPTON AND KALMBACH, INC. 
3 0 0  INSURANCE BUILDINO 

031-KTM STREET 

D E N V E R  2 ,  COLORADO 

PMONE CHERRY 4 - 2 9 4 4  

July 30, 1965 

Upper Colorado River Commiss ion 
355 South 4th East St ree t  
Salt Lake City, Utah 84 1 1 1 

Gentlemen: 

During the l a t t e r  p a r t  of May 1965 the f i rm of 
Tipton and Kalmbach, Inc. , was retained by the Colorado 
Water Conservation Board  to make  a study of the water 
supplies available f r o m  the  Colorado River fo r  use in the 

' 

Lower Colorado River Basin, and to determine whether 
such supplies would be available a t  a l l  t imes to satisfy 
uses by the states  of Arizona, California, and Nevada 
a s  defined in  the decision of the U. S. 'Supreme Court in 
the case  of Arizona, vs. California, e t  a l ,  373 U. S. 546. 
Subsequently, a t  amee t ing  with th ree  of the Commission- 
era and some of their  engineering advisors ,  together 
with the U. S. representat ive on the Commission, and 
the Executive Director of the Commission, and i ts  Chief 
Engineer, held in the off ice of the Colorado Water Con- 
servation Board on June 3, 1965, the scope of the studies 
was d iscussedand it was  concluded that the studies would 
be sponsored by the Upper Colorado River Commission 
rather than by the Colorado Water Conservation Board. 
The studies have beenmade and a repor t  prepared which 
embodies the resul ts  of the studies. 

CABLES: 

ARTIP - DENVER 

I P C O L  - BOGOTA 

I P V E N  - CARACAS 

TIPERU - LIMA 

ARTDOR - OUITO 

TIPAK - LAHORE 

Drafts of the repor t  were  reviewed from time 
to time by the Commission's Engineering Advisors and 

r- 
by some of the members  of the Commission. I The sug- 

L 

gestions of all of the in teres ted  par t ies  have al l  been 
considered, and those believed to be consistent with the 
purpose of the report and the thinking of the author have 
been adopted. 1 



The repor t  consists  of two par ts :  Volume I - 
Text, and Volume I1 - Appendices. The text describes 
themanner inwhich the studies w e r e  made and gives the 
resul ts  of the mos t  pertinent s tudies  and final conclu- 
sions based on those resul t s ,  and the reasons therefor.  
The Appendices consist  of copies of a l l  the detailed r ive r  
and reservoi r  operation studies  that were  considered 
directly pertinent to the report.  The Appendices a l so  
contain tables indicating the est imated present  deple- 
tions on the r ive r  by the States of the Upper Division of 
the Colorado River Basin, and the prognostication by 
projects of increased depletion i n  the future,  a s  made 
by various entities. A m a s t e r  table is included which 
indicates a l l  known potentials in  the Upper Basin and 
est imates of o thers  which might  come into being. 

The repor t  i s  submitted herewith for  your 
consideration. 
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Foreword 

The reasons for making studies a t  this t ime of the available 
water supplies on the main stem o f  the Colorado River in  the 
Lower Basin is because of the situation described below. 

There are before Congress a t  the present time a number 
of bills which would authorize a par t  o f  the Southwest Water 
Plan proposed by the Secretary o f  Interior. The plan originally 
contemplated the importation of substantial quantities of sur- 
plus water f rom the streams of the Northwest; this part of the 
plan has been dropped and is n o  longer being included in the 
request for authorization for construction. However, authoriza- 
tion for a study of the contemplated importation is included in 
the ~roposed legislation. The principal physical works sought 
to be authorized are those comprising the Central Arizona Project. 

The decision o f  the United States Supreme Court i n  the case 
of Arizona vs. California et al., 373 U.S. 546, considered that  
the contracts wi th  the Secretary of Interior and  the three states 
of the Lower Basin, Arizona, Nevada and California, and individ- 
ual entities thereof, constituting a n  apportionment of  2.8 mil l ion 
acre-feet (mat) of water to  Arizona, an  apportionment of 0.3 maf  
10 Nevada, and a l imitation of  4.4 m a t  t o  California effect a val id 
apportionment of  the first 7.5 m a f  o f  mainstream water in  the 
Lower Basin. All apportionments by  the terms of the contracts 
are subject t o  the availability of  water. The Master hearing the 
case recommended that iri case of shortage the shortage be 
divided among the states in proportion to  their allocation of wa- 
ter. The Supreme Court in its decree did not follow the recommen- 
dation of the Master in respect to  the allocation of shortages, but 
left the matter in the hands o f  the Secretary o f  Interior subject to 
further consideration by the Court or consideration by Congress. 

It is understood that the states of  Arizona and California 
have entered into an  agreement whereby Arizona wi l l  guarantee 
that her uses wi l l  be such as t o  insure the availabi l i ty o f  4.4 maf  of 
water per year f rom the main stem t o  California a t  a l l  times. The 
substance o f  this agreement is spelled out in Bi l l  S 1019 which 
provides, in essence, a priority t o  existing consumptive uses by 
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Californio of Colorado River water on the main stem up t o  the 
amount of 4.4 maf  annually, and t o  existing main stem Colorado 
River consumptive uses and entitlements in Arizona and Nevada 
by limiting diversions from the ma in  stem for the Central Arizona 
Project in  any year in which the Secretary of Interior determines 
there is insufficient ma in  stem Colorado River water available 
to satisfy the total annual consumptive use of 7.5 ma t  by the 
states of Arizona, California and  Nevada. This, in itself, would 
implement one of the suggestions made by the Supreme Court 
that the matter of  allocating shortages among users of  the 
Lower Colorado River Bosin be subject t o  further consideration 
by Congress. If the Central Arizona Project is  authorized and goes 
into operation, the relevant provisions o f  Bill S 1019 as now pro- 
posed would cause the burden o f  any shortage in water supplies 
to  be on the Central Arizona Project. 

This entire situation poses a problem to the States of  the 

, upper division of the Colorado River Basin. Uses in the Upper 
1 Bosin may not have progressed t o  the point that a l l  waters appor- 

tioned to  it by the Colorado River Compact, or to the l imit  imposed 
by nature, are being used a t  the t ime the Central Arizona Project 
goes into operation i f  it is authorized and goes t o  construction. 
i n  other words, there might  be some unused water destined for 
use in the Upper Basin passing Lee Ferry which, i f  used in the 
Lower Basin, would pose a problem when those waters subse- 
quently were needed by projects in the Upper Basin. Actually, 
at the present t ime some o f  the uses in the Lower Colorado River 
Basin on the main stem are being made only because of unused 
flows in  the Upper Basin passing Lee Ferry. 

The present studies therefore appeared desirable t o  en- 
able the Commission t o  take stock and see what problems might  
arise because o f  the situation, and in order that policies and 
procedures may be developed. 

At the meeting of June 3, 1965 o f  certain members of  the 
Commission and its Engineering Advisors, these studies were 
authorized and their scope discussed. As  the studies progressed, 
two other meetings were held wi th  the Engineering Advisory Com- 
mittee to  the Commission, a t  which t ime the Commissioners f rom 
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some of the states were also present. Frequent conferences were 
held with Mr. Ival Goslin, Executive Director of the Commission; 
some were had with Mr. Felix Sparks, Director of the Colorado 
Water Conservation Board, and  his technical staff. M r .  Cecil 
Jacobson, Chief Engineer of  the Commission, spent some time 
in the office of Tipton and  Kalmbach, Inc., assisting the studies. 

The studies were made under the direction of R. J. Tipton. 
He is solely responsible for t he  conclusions derived from the 
studies contained in the report. During the time the studies 
were being mode and drafts o f  the report were being prepared, 
the drafts of the report were reviewed by the groups at  the meet- 
ings mentioned above. Editorial changes suggested by representa- 
tives of the Commission for clarif ication purposes were accepted; 
other suggestions more substantive in character were not accepted 
i f  they were not concurred in by the author of the report. 

The author wishes t o  express his appreciation for the con- 
structive advice afforded by various representatives of the Com- 
mission a n d  its Engineering Advisors during the course of the 
studies and preparation o f  this report. 



Summary 

Based upon the recorded historic flow of the Colorado River, 
it appears that nature has decreed that the river will not supply 
enough water to  support the apportionment made by the Colo- 
rado River Compact to the Upper Basin; an amount of 7.5 mat 
for consumptive use from the main river to the states of Arizona, 
California and Nevada; and the allocation to Mexico by the 
Mexican Water Treaty of 1944. The U.S. Supreme Court in 
Arizona vs. California, et al., 373 U.S. 546, agreed with the 
Special Master that  the Secretary's (of Interior) contracts with 
Arizona for 2.8 m a t  and with Nevada for 0.30 mat  of  water, 
together with the limitation of California to  4.4 maf effect a 
valid apportionment of the first 7.5 mat of main stem water in 
the Lower Basin. All those contracts provide for the stipulated de- 
liveries of water subject to the availability thereof. The Court 
recognized that shortages might occur. Where the words "appor- 

/ 1 tionrnent" or apportion" appear hereinafter relating to the 
beneficial consumptive-use values of the states of Arizona, Cali- 
fornia and Nevada, the word or words mean what the Supreme 
Court decision said as cited above. The use of the words does 
not imply an absolute amount of water but rather a limitation of 
use subject a t  al l  times to the availability of water. 

With the active storage capocity available to  the Upper 
Basin, including reservoirs of the Upper Colorado River Storage 
Project now operating or under construction, beneficial consump- 
tive use (depletion a t  Lee Ferry) in the Upper Colorado River 
Basin, including reservoir evaporation, is limited to  6.3 million 
of (mat) per annum, because of the required delivery in succes- 
sive 10-year periods of 75 mat in  accordance with the terms of 
the Compact. The net depletion, excluding reservoir evaporation, 
would be 5.6 maf. 

If deliveries a t  Lee Ferry were greater than 7.5 mat  per year 
(75 rnaf in successive 10-year periods) to insure more power gen- 
eration and financial support for the Upper Basin development, 
the net depletion a t  Lee Ferry by Upper Basin development would 
be less than the amounts indicated above. These depletions are 
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less than the 7.5 m a t  apportioned t o  the Upper Basin which, in 
turn, are less than the ul t imate total  requirements of the Upper 
Basin. 

The relation between Upper Basin depletion and the reser- 
voir storage capacity required t o  insure its availability is shown 
in Figures 1 and 2, the f irst o f  which is based on deliveries a t  Lee 
Ferry of  7.5 mat  per year, and the second on an  arbitrarily os- 
sumed delivery a t  Lee Ferry of  8.25 m a t  per year. 

The principal studies described herein are based on study 
periods 1914 through 1964 and 1921 through 1964. The period 
1930 to  date hos been used b y  the Department of  Interior and by 
the Colorado River Board o f  Cali fornia t o  determine the amount 
of water available for use f rom the lower river by Arizona, Califor- 
not and Nevada. N o  appreciable difference exists in the basic 
data used for the various studies, such as the principal one of 
virgin flow at  Lee Ferry for various years. Some difference does 
exist, however, in respect t o  the net losses of water between 
Hoover Dam and Mexico, which is discussed subsequntly. 

All studies disclose without exception that any increase in 
the use on the lower river must now be made from water appor- 
tioned to  the Upper Basin, but now unused by  it. Actually, a t  
present the aggregate demand on Lake Mead is close to  9 m a t  
per year. It is apparent tha t  even present uses on the lower river 
are dependent upon significant amounts of water released from 
Lake Powell in  excess of t:->ose required by the Colorado River 
Compact. 

As the Upper Basin develops there will arrive a time when 
its water will no longer be available for further uses on  the lower 
river. The question is when wi l l  that  t ime arrive. To  forecast this, 
studies have been made using various assumed rates o f  depletion 
in the Upper Basin and various assumed rates of releases from 
Lake Powell. All of  the studies indicate thot substantial shortoges, 
amounting t o  more than 1.0 maf  per year before the end of the 
present century, will exist in the supplies required to  meet total 
uses of 7.5 ma t  by Arizona, California and Nevada and to meet 
o delivery of 1.5 m a t  of water per year to Mexico. The period 
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would be extended somewhat i f  Lake Mead were depleted t o  
absolute dead storage, dur ing long periods of drawdown. 

A period of low water supply in the Colorado River Basin, 
such as existed from 1930 t o  1964, will occur again a t  some time, 
or one which might  be more severe could occur. Under such 
conditions, min imum releases from Lake Powell would be neces- 
sary. Simple arithmetic indicates that there will not be enough 
water on the lower river t o  sustain a delivery of  7.5 maf for the 
states of  Arizona, California and Nevada, and to  take core of 
the Mexican burden, as shown by the following analysis: 

Lower River Requirements: 

1. Beneficial consumptive use by Arizono, 
Colifornio ond Nevodo 

2. Mexicon Treaty Deliveries 
3. Reservoir Evoporotion 

4. Losses below Hoover Dom 

Total  Requirements 

Water Supply for the Lower River: 

Delivery ot Lee Ferry 
Net Inflow Lee Ferry to Loke M e o d  
Net  Inflow from Bill Wil l iams River 
Release from Loke M e a d  (drowdown 
to roted power heod) 

Total  W a t e r  Supply 

Deficiency 

7.500 mof 

1 .so0 
0.730 
0.810 

10.540 rnof 

8.250 maf  
0.675 
0.055 

1.195 rnof 

Although on arbitrary in i t ia l  delivery of 8.25 m a t  has been 
assumed in some of the studies, the amount delivered by the  
Upper Basin eventually wi l l  approximate 7.5 m a t  per yeah. W h e n  
the delivery from the Upper Basin is 7.5 maf instead of 8.25 maf, 
then the deficiency wi l l  be 1.945 m a t  per year. If the provisions 
of Section (b) of Art ic le IV of the Colorado River Compact are 
invoked, Lake Mead  could be drawn down t o  absolute dead 
storage which would provide about 0.60 maf additional water per 
year which includes the decrease in evaporation from Lake Mead. 
In this case the above deficiencies would be reduced by about 
0.60 maf. 

The obvious conclusion is t ha t  a f i rm water supply is no t  
available i n  the Colorado River t o  satisfy a basic beneficial con- 
sumptive-use requirement of  7.5 rnaf from the main stem by  
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Arizona, California and Nevada, plus delivery of 1.5 mat of 
woter to Mexico. I f  these requirements as well as Upper Basin re- 
quirements are to be satisfied, projects must be authorized and 
constructed to import major amounts of water into the Colorado 
River Basin from sources of surplus. Such importation is important 
to both the Upper and Lower Basins. 



Studies Made 

Study Period 

A fundamental item in any study of the Colorado River, 
taking in to consideration the Colorado River Compact, the Mexi -  
can Water  Treaty, and the Supreme Court decision in the case 
of Arizona versus California, is the recorded flow of the Colorado 
River a t  Lee Ferry and the virgin flow estimated therefrom. Meas- 
urements o f  the Colorado River a t  Lee Ferry w,gegot-begun 
unti l  the spring of 1921. They have been continuous since that  
time.However, during the negotiations o f  the Colorado River 
Compact o f  1922, and later during the studies o f  the hydrology of 
the Boulder (Hoover) Canyon Project in the late 19201s, estimates 
of the f low a t  Lee Ferry were made, based upon measurements 
of the river a t  Yuma and Topock and supplemented by  estimates 
made on the basis of recorded flow of major tributaries above Lee 
Ferry when such records became available. These estimates ex- 
tended back t o  the year 1896. 

\ 

For the purpose of this report, river and reservoir operation 
studies were made both for the period 191 4 through 1964 and for 
1921 through 1964. The beginning year of 1914 was used because 
at the t ime the Upper Colorado River Compact was under consid- 
eration the Engineering Advisory Committee of the Upper Colo- 
rado River Compact Commission, i n  making a n  exhaustive study 
of the estimates of the flow of the river, concluded that estimates 
of flow prior t o  19'1 4 should not be used. The period 1921 throygh 
1964 has been used because the actual records o f  measured flow 
at LeeFerry first became available i n  1921. For some studies the 
period 1930 through 1964 was used. Two studies were made 
based on the period 1906 through 1964. 

For the period beginning in 1896 the estimated virgin flow 
at Lee Ferry was less than the long-time average unt i l  1903. The 
period following 1903 includes a generally increasing estimated 
flow a t  Lee Ferry up  to  1930. From 1930 through 1964 the flow 
of the river has gradually declined, the 35-year period from 1930 
through 1964 being the lowest period of record. 
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N o  matter what 'periods between 1896 through 1964 ore 
used for particular studies, the period of low woter supply begin- 
ning -- in -- BO-g -nd  .-.-- ending .--. in- 1964 cannot be avoided. It would be  
optimistic to assume a f i r m w a t e r  supply any greater than tha t  
which existed during the period 1930,throygh 1964 plus whatever 
water might have been available from holdover storage a t  i ts 
beginning. This period represents 35 years of reservoir draw- 
down, which is on exceedingly long time. 

The accuracy wi th  which future water supplies and demands 
can be predicted depends in large measure on how closely the 
future flow of the river w i l l  correspond to that assumed for the 
purpose of the studies. It must be recognized that the magnitude 
and sequence o f  flows which wil l  occur during the next 44-year 
period will not duplicate, and may not even approxiate, the mag- 
nitude and sequence of flows which occurred during the past 44 
years. There is evidence t o  indicate that river flows along wi th  
other phenomena associated with and dependent upon cl imat ic 
and meteorological conditions go through periods of h igh  occur- 
rences followed by periods of low occurrences. However, the occur- 
rences do not follow any regular or cyclic pattern and there is n o  
known method for establishing or predicting the extent or mogni- 
tude of the limits o f  the succession of high and low occurrences. 
Examination of tree-ring records in the southwestern par t  o f  the 
United States dated back as far  as the year 1250 il lustrate the 
ups and downs in precipitation caused by nature, without giv ing 
any evidence whatsoever of  - regulcr - -  or predictable cycles. 

Increased Depletions in the Upper Colorado River Basin 

A variable having a n  effect on the outcome of the studies is 
the estimated rate a t  which consumptive use in  t h e  Upper Colo- 
rado River Basin wi l l  increase. Figure 3 illustrates the estimates 
made by the State of  Arizona, recent estimates made b y  the U.S. 
Department of Interior (U.S.I.D.), those by the Colorado River 
Board of California, (C.R.B.), and those by the States of the Upper 
Colorado River Division. I t  may be noted that there is a wide 
range in the estimates of Upper Basin consumptive uses which 
might take place in the future. Arizona's low estimate and the 
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higher estim.ated of the States of the Upper Colorado River Divi- 
sion bracket the others shown. 

Arizona's appraisal of the possibility of  increased uses in 
the Upper Basin may be contrasted with the statement made by 
the U.S. Department of  Interior in 1959 in a publication entitled 
"The Colorado River Storage Project and Participating Projects" 
which is quoted below: 

"The  Upper  Colorado River Basin m y  have been h t e  i n  ex0 
ploration, slow in settlement, a d  limited i n  deuelopment, but 
the Upper  Basin boldly faces a new future w h u h  will see its'  
many resources utilized o n  an  euer*widening scale. 

T h e  juture o f  the Upper Colorado River Basin lies in  its ree 
sources. T h e  most important reso~trce is water-water which 
is corralled and put t o  work rather than alloced t o  plunge 
wildly toward the  sea, u~asting its energy in the rapids of the  
colorful canyons. 

T h e  Upper  Colo7ado River Basin 11as the water-it has b n d  t o  
be irrigated-it has canyons u ~ i t h  dam sites where much water 
can be stored and w l ~ e ~ c  l~>droeIectric bower can be produced 
-it has petroleum, coal, and nat~tral gas-it has oil shales and 
rare hydro.carbons-it 11us mineral resources of urani~tm and 
other atomic ores, of 7nany sr~ategic metals, of phosphate and 
other needed nonmetallic ores. 

But, these many resoLLrces are brgely da-~nat~t--sleeping giants 
yet t o  be awakened. T h e  f t ~ t ~ t ~ e  uill  sec the ~ t s e  of Upber Busin 
resources o n  an  eve7,widening scale 1~91dc7 A developn~ent progrant 
which will bring togetl~er the resotlrces of water, power, land 
and minerals . . . 
T h e  jttture begins t o  t t ~ ~ f o l d  for the Upper Colorado River Basin." 

The Arizona estimates have not been used in any of the 
present studies because they are considerd to  be unrealistically 
low; they do not account for al l  projects under construction or 
now authorized for construction. 
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The pr ime factor which wil l  affect the lower river water 
supplies to  meet 7.5 maf of consumptive uses from the main  stem 
in the states o f  Arizonal California and Nevada, wi l l  be the 
amount of  the deliveries a t  Lee Ferry from the Upper Basin. 

Colorado River Operation Studies 

In addit ion t o  the studies made t o  determine the l imits of  
depletions by t h e  Upper Basin based on the provisions of the 
Colorado River Compact and available water supply, several river 
and reservoir operation studies were made involving the entire 
main stem o f  the Colorado River, The details of  these studies 
are shown in the tables appearing in the Appendices t o  this 
report. 

From the present t o  1975, the year in which the first diver- 
sions for the Central Arizona Project are assumedl a l l  studies 
were operated on a common basis. The starting content o f  the 
main river facil it ies is that  which is estimated by the Bureau of 
Reclamation t o  occur on September 30, 1965. With study se- 
quences commencing with either 1914 or 1921, no  di f f icul ty was 
experienced in f i l l ing a l l  the reservoirs and a l l  were spill ing in 
1975. For a l l  practical purposesl the total f i l l ing of both upper 
and lower systems was simultaneous. A similar condition was 
obviously impossible under study sequences beginning wi th  the 
water year 1930. 

In 1975 a draf t  on the Upper Basin storage was sustained 
corresponding t o  a1 ternative constant annual releases of 8.25 maf 
and 8.75 maf .  Releases a t  Lee Ferry corresponding t o  the U.S. 
Interior Department estimates and to  those of the Colorado River 
Board of California were also used for some of the studies. 

Since generation of power and maintenance of rated head is 
important in both basin systemsl the levels o f  rated head were 
used as cut-of f  in several of the studies. Howeverl a ques- 
tion could be raised as t o  whether the storage in Lake Mead could 
be held a t  rated power head and the consumptive-use requirements 
a t  that t ime be shorted. This would make domestic and agricul- 
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tural uses subservient t o  power. Art ic le IVl Section (b) of the 
Colorado River Compact provides: 

"Subject t o  the provisions of this combact, water of the Colorado 
River System m y  be impounded and used for the ge~~eration 
of electrical bower, but S L K ~  i~nboundi>~g and ttse shall be s u b  
servient to  the use and cons~~mption of suc11 u~ater for agrictllruraZ 
and domestic ~urposes  and shall not interfere with or brevent use 
for such dominant pur~oses." 

The foregoing provision i f  strictly enforced would prohibit the 
holding of water in storage for the generation of power i f  it were 
needed for consumptive-use purposes. 

Recognizing this contingency other studies called on storage 
down to  a content of  8.0 ma f  in Lake Mead (equivalent to the 
level of the Nevada intake) whereas sti l l  other studies withdrew 
all  water stored in  active capacity. 

Alternative schedules of depletions were used in the various 
studies. Included were the depletions estimated by the States 
of the upper divisionl those of the Colorado River Board of Cali- 
fornia/ and the recent estimates of the Bureau of Reclamation. 

Future Uses in the Lower Basin 

It is  not within the p ~ r v i e w  of this report to apportion short- 
ages among the states of Arizonat California and Nevada. How- 
everl for the purpose of the studies certain assumptions were 
made of present and future uses by those states. It  was assumsd 
that the presently constructed projects in Arizona diverting from 
the Colorado Rivert including projects t o  irrigate Indian lands, 
will ultimately beneficially consume 1.23 maf. Inflow-outflow 
records indicate that a t  the present t ime the consumption by 
Arizona projects using Colorado River water is close t o  one mil l ion 
o f  per year.. However/ additional drainage wil l  be required to  
prevent the water table from rising to  the point where lands would 
become waterlogged on the Gila Mesa, Yuma Valleyt and the 
North Gila and South Gila projects. Applications of water on the 
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mesa are causing the water table to rise beneath the Yuma 
Valley. It is estimated that  substantial amounts of  water per 
year should be withdrawn f rom the ground water in this area t o  
prevent any further rise in the water table. Additional amounts 
must be withdrawn f rom the water table under the South Gila 
and North Gila projects t o  prevent further rise in the water table 
in those areas. It is assumed for the purpose of the present report 
thatl as additional drainage works are installedl addit ional diver- 
sions will be made f rom the river so that the net beneficial con- 
sumptive use wi l l  remain a t  about one mill ion a f  per year until 
1975/ and wi th  full development, aside from the Central Arizona 
Projectl wi l l  at tain 1.23 rnaf in the year 2000. 

It is estimated tha t  the beneficial consumptive use o f  water 
by projects using Colorado River water in Arizonal aside f rom the 
Central Arizona Projectl in 1990 will be about 1.16 maf .  Should 
the Central Arizona Project be authorized a t  an early date, it is 
assumed that  it would go into operation by 1975. The last report 
on the Central Arizona Project indicated that its operation would 
result in a beneficial consumptive use of 1.2 rnaf per year. Thisl 
added t o  the 1.23 rnaf for the other projects on the riverl results 
in  a total of 2.43 maf, leaving for Arizona a balance of 3701000 
of per year t o  equal the basic 2.8 rnaf beneficial consumptive use 
from the main  stem apportioned to  Arizona. The present studies 
assume that  this remaining 370,000 of of water would either be 
used on the Central Arizona Project or some place else in Arizona 
by the year 2000. 

I t  was assumed that  uses in Nevada hould increase gradu- 
ally from present uses of 251000 af  per year to 3001000 o f  per year 
in the year 2000. 

I f  and when uses in Arizona and Nevada increase t o  the 
extent that  shortages might  occurl it is assumed tha t  California's 
present beneficial consumptive use would be curtai led t o  4.4 rnaf 
per year. The t ime when this curtailment would occur is not 
known. For the purpose of this study it was assumed tha t  the uses 
by California would be curtai led to  4.4 rnaf per year prior t o  the 
time storage in Lake Mead  would be insufficient t o  support a l l  
downstream main-stem demands without dropping below rated 
power head. 
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Depletion Factor 

A depletion factor was used to  modify the assumed basic 
depletions by the States of  the upper division of the Colorado 
River Basin. The philosophy of the depletion factor is based on 
the fact that dur ing periods of low water supply in the Upper 
Basin al l  projects in operation will not receive a full water supply. 
Most of them wi l l  no t  have reservoirsl and some tha t  have reser- 
voirs will not have water in some years t o  fill those reservoirs. N o  
rational means have been derived for varying the estimated uses 
by the States o f  the upper division because o f  varying water sup- 
ply. The means used by  the U.S. Bureau o f  Reclamation in its 
past studiesl which it is assumed it is sti l l usingI are based on 
the assumption that  the uses would vary f rom the normal use in 
a particular year b y  one-half of the percent that  the virgin flow 
at  Lee Ferry in that  particular year varies f rom a long-time aver- 
age of virgin flow. For the present studies the depletion factor 
using the U.S.B.R. formula was based on the mean virgin flow 
for the years 1921 through 1964# except for studies starting in 
1 906. 

River Losses Below Hoover Dam 

The Department of Interior i n  previous studies assumed 
gross losses below Hoover Dam to  be 1-27 m a f  per year (U.S.I.D. 
Report on the Southwest Water Plan dated January 1964). The 
U.S. Bureau of Reclamation has estimated future reductions in 
wastel salvage o f  water by channel improvementI salvoge of 
water from phreatophytes and increased drainage return from 
the Yuma area in the amount of 6801000 o f  made u p  of the 
following items: 

Reduction in  woste of woter by operotion of 
Senotor Wosh Reservoir 

Solvoge of woter by channel improvements 
Solvoge of woter from phreotophytes 
lncreosed droinoge return from the Yumo ore0 

The U.S. Bureau o f  Reclamation then assumed the net loss 
of water below Hoover Dam, after the foregoing savings and sal- 
vages are effectuatedI wil l  be 59OI0O0 ofl (ll27O,O0O o f  minus 
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680,000 of). There is n o  good reason t o  question the above- 
mentioned amounts of water estimated t o  be saved by salvage, 
drainage, and operation of Senator Wash Reservoir. However, 
it is believed that the 220,000 of  of additional drainage return 
from the Yuma area cannot be considered as on  i tem in re- 
ducing the losses below Hoover Dam, which wil l  reduce the 
draf t  on Lake Mead. The 220,000 of  does not represent "new 
water" made available t o  the Basin, such as the water salvaged 
because o f  channel improvements and nonbeneficial consumption 
by phreatophytes. The 220,000 a f  is an  increment of the original 
water supply that  has been stored in Lake Mead and subsequently 
diverted by  canals out of  Lake Mead releases t o  supply Arizona 
projects. This amount of  water wi l l  represent a credit t o  Arizona 
and wi l l  not  in the end reduce the draft on Lake Mead. Therefore 
the value tha t  is being used in the present studies for net losses 
below Hoover Dam is 590,000 o f  plus 220,000 of, or 810,000 of. 

The actual amount of  water which might be recovered by 
additional drainage of the Yuma Valley and Yuma Mesa areas 
is not known a t  the present time. It is believed, however, that  
the potential can be as great as 220,000 of. The actual amount 
recovered may depend somewhat on the outcome of the review 
o f  the U.S.I.D. definitive plan for the additional drainage works 
by the U.S. Commissioner of the International Boundary and Wa- 
ter Commission between the United States and Mexico. Because 
this i tem o f  return flow is not considered in this report as one which 
bring",o the river "new water" thereby decreasing the demand 
on Lake Mead, whatever the ult imate amount might be wi l l  not 
affect the conclusions reached in this report. 

In resp.ect t o  the Bil l  Wi l l iams River, the U.S. Bureau of Recla- 
mat ion assumes it wil l  be depleted down to  55,000 of. This 
amount o f  inflow below Hoover Dam has been assumed for the 
purpose o f  this report. 

The above may be compared with the studies made by the 
Colorado River Board of California which estimates the net 
losses after accounting for Bill Wi l l iams River under present 
conditions t o  be 1.2 mat.  It estimates a future salvage of 200,- 
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000 of, leaving a net loss of  1.0 mot.  This spread in difference in 
estimates of future losses below Hoover Dam is given for infor- 
mation. N o  one can precisely estimate what such losses wi l l  be 
in  the future. They depend on the amount of wastes that  can be 
reduced, and the amount of  salvage that  can be effectuated by  
the program that is being carried out by  the Department of In- 
terior. For this report, as stated above, 810,000 af  has been 
adopted to represent losses below Hoover Dam after the salvoge 
program has been completed. 

Storage in the Basin Reservoir 

For the present studies the ini t ia l  usable content of the 
Upper Basin reservoirs was assumed t o  be 3.099 mat  and of Lake 
Mead 16.453 mat, which is the anticipated usable content-as o f  
September 30, 1965, including bank storage. Maximum usable 
capacity of Upper Basin reservoirs was assumed to be ----- 29.0 maf, 

and 29.25 - mat  - ..--- for .-- Lake --- Mead including bank storoge. In  addi- 
tion, 1.2 mat  was reserved in Lake Mead  for flood control. 

The net gain between Lee Ferry and Hoover Dam was phased 
to correspond to  recent estimates by the U.S. Bureau of Reclama- 
tion. 

For Study No. 3 the Upper Basin depletions, deliveries a t  
Lee Ferry, net gain between Lee Ferry and Hoover and losses 
from Hoover to  Mexico corresponded t o  those of the Colorado 
River Board of California. 

Studies No. 5 and 23 thru 34 differed from the other studies 
in that the total maximum Upper Basin reservoir content was 
assumed to  be 32.0 mat  and the depletion factor was unity. This 
assumed al l  existing reservoirs in the Upper Basin and the reser- 
voirs of  the Upper Colorado River Storage Project would operate 
more or less as a unit to  make available water to  the Upper Basin 
consumptive-use projects, and t o  enable the States of the upper 
division to make the required deliveries a t  Lee Ferry. 
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Results of the Studies 

To determine the amount of maximum depletion (beneficial 
consumptive use) under the terms of the Colorado River Compact 
that can be made by the States of the upper division of the Colo- 
rado River Basin, river and reservoir operation studies were made 
for the period 1903 through 1964 and for the period 1921 through 
1 964 t o  determine the relationship between required storage 
capacity and depletion. In the studies various amounts of deple- 
tion were assumed ranging from 3.0 maf per year to 6.79 maf 
per year. The results of the studies for the two study periods 
were identical. 

Two sets of  studies were made, one assuming an  annual de- 
livery a t  Lee Ferry o f  8.25 maf ond the other assuming a n  annual 
delivery a t  Lee Ferry of  7.50 mat. The following table indicates 
the results of these studies. The results are depicted graphically 
on  the two curves shown in Figures 1 and 2. The detailed operation 
studies are given in Appendix C. 

Even with an  annual delivery a t  Lee Ferry o f  only 7.50 maf, 
to  attain the total beneficial consumptive use (7.5 mat)  allocated 
to  the Upper Basin by the Colorado River Compact would require 
over 72.0 mat  of active storage. This storage potential does not 
exist. It should be noted also that i f  it did exist, about 1.4 ma t  
of  depletion would be because of evaporation f rom the storage 
reservoirs, leaving a net of  6.0 maf for beneficial consumptive use 
by projects within the basin. 

STORAGE CAPACITY A N D  UPPER BASIN DEPLETIONS 
Available Upper Basin Depletions for 

Annual Deliveries a t  Lee Ferry of 
Regulated Required Estimated 8250 7 5 0 0  
Firm Flow Storage Evoporai'ion Total Net Totol NG 
1 1,250 6,766 250 3,000 2,750 3,750 3,500 
12,250 10,766 350 4,000 3,650 . 4,750 4,400 
13,250 20,388 550 5,000 4,450 5,750 5,200 
13,95 1(0) 35,370 820 5,701 4,881 6,45 1 5,63 1 
14,250 45,536 980 6,000 5,020 6,750 5,770 
15,04O(b) 72,55 1 1,380 6,790 5,4 10 7,540 6,160 

(01 Meon  Virgin Flow 1921 - 1  964 
(b) Mean Virgin Flow 1903-1 964 

All volues in 1,000 ocre-feet 
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In 18 of the 34 studies, details of which are continued in 
Appendix B, assumed future depletions (beneficial consumptive 
uses) were those estimated by the four States of  the upper divi- 
sion. These studies a l l  show an impossible situation; before the 
end of the study period in each case, beneficial consumptive uses 
would begin t o  be encroached upon and in some cases a l l  such 
uses would be essentially extinguished to satisfy the Colorado 
River Compact provision that depletions a t  Lee Ferry shall not ex- 
ceed 75 mat  in successive 10-year periods. The studies - . ---- were mode 
and ------ their results - presented, by design, to show the danger of over- 

--- - .-- - -.- 
development w i thpresent  water supplies, and to_de.monstrate --- 
dramatically-the ---- results of  -. those studies which are shown on fig- 
ures 1 and 2, Upper Basin ~ e ~ l e t i o k  vs. Required Reservoir Ca- 
pacity. 

I f  credit for deliveries above 7.5 mat  per year a t  Lee Ferry 
were taken, in n o  case would more than one year be gained be- 
fore encroachment on  beneficial consumptive uses would com- 
mence. 

Lower Basin 

It has been pointed out that  the most important factor of- 
fecting the water supplies of the main stem o f  the Colorado 
River in the Lower Basin is the amount of water passing Lee Ferry 
from the Upper Basin. A certain amount, in addition t o  the Com- 
pact obligation o f  75 m a t  in successive 10-year periods, wil l  be 
required to be delivered out of  Lake Powell for a period of time 
to generate sufficient energy, the sale of  which wi l l  be relied upon 
to aid in  the financing of additional projects in the States of  the 
upper division of the Colorado River Basin. One series o f  studies 
contemplated a delivery of  8.25 m a t  per annum a t  Lee Ferry. It 
is understood tha t  the Secretary of  Interior and some engineers of 
the U.S. Bureau of Reclamation consider the release of such an 
amount of water through the power plants a t  Glen Canyon Dam 
to be sufficient t o  provide funds for substantial additional de- 
velopment in the Upper Basin. Another series of  studies was made 
assuming a release o f  8.75 mat  per annum from Lake Powell. It 
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is assumed such a release would be more than adequate t o  provide 
funds through the sale o f  electric energy to  a id in the financing 
o f  additional projects in the Upper Colorodo River Basin. 

In one group of studies the depletion schedule of  future Up- 
per Basin development as assumed by the U.S. Department of In- 
tr ior (U.S.I.D.) was used; in another set the depletion schedule 
as estimated by the States o f  the upper division of the Colorado 
River Basin was used. In each set of studies three conditions of 
drawdown of Lake Mead were assumed; the first was a drawdown 
which would result in 16.453 m a t  remaining in storage as repre- 
senting the rated power head. The second assumed a drawdown 
which would leave in storage 8.0 m a t  which is the min imum con- 
tent a t  which the present intake for the City o f  Las Vegas, Ne- 
vada, could be suppled. The third condition of drawdown assumed 
Lake Mead would be depleted to  absolute dead storage. 

Two study periods were assumed for the above series of 
studies; first, the study period 1914 through 1964, ond second, 
the study period 1921 through 1964. For the study period 191 4 
through 1964, 32.0 maf  o f  storage capacity was assumed in  the 
Upper Basin and a depletion factor of unity was assumed. 

Tables No. 1 and 2 attached hereto indicate the results of  
the two sets of studies described above. 



Conclusions 

Upper Basin 

I f  it is assumed that the operating capacity of the Upper 
Colorado River Storage Project is 29.0 mat, and if the delivery at  
Lee Ferry amounted to 7.5 mat  per year, the depletions (benefici- 
al consumptive use) in the States of the upper division of the Colo- 

rado River Basin would be limited to  6.3 mat per annum. The net 
depletion, excluding evaporation from the reservoirs of the Upper 
Colorado River Storage Project, would be 5.6 mat. If deliveries --- 
at Lee Ferry were 8.25 mat  per year, the limit of depletions in the 
States of the upper division would be - 5.6 maf including reservoir 
evaporation, and a net of - 4.7 mat  excluding reservoir - -.- evaporation. .--- 

- 

With a storage capacity of 32.0 mat, as assumed by some, 
the limitation on the net depletion (beneficial consumptive use) 
in the States of the upper division, excluding evaporation from 
the reservoirs of the Upper Colorado River Storage Project, with a 
delivery at Lee Ferry of 7.5 maf per year would be about 5.6 maf 
per year, and would be 4-5-inaf per year -.- -- i f  the delivery at Lee Ferry 
were 8.25 mat per year. 

Without importation of water, and such modifications in the 
required delivery of water a t  Lee Ferry as would be necessary for 
the Upper Basin to benefit from the importation of water, it is 
assumed that the total net beneficial consumptive use in  the 
States of the upper division cannot be more than 5.6 maf per year, 
and might not be more than 4.8 maf per year. 

The addition of more reservoir capacity than will be provided 
by the existing and authorized units of the Upper Colorado River 
Storage Project would not materially increase these depletions. 
The obvious means for enabling the States of the upper division 
to make a beneficial consumptive use of 7.5 maf per year al- 
located to them by the Colorado River Compact (less 50,000 of al- 
located to Arizona by the Upper Colorado River Compact), or even 
greater amounts, i s  the importation of water from areas of sur- 
plus. 
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~ o w e r  Basin 

W h a t  the actual future depletion wi l l  be in the States of the 

upper division of the Colorado River Basin is not known. The pre- 

sent studies were based on two future depletion schedules, one as 

estimated by the U.S. Department of Interior (U.S.I.D.), and the 

other as estimated by the States of the upper division of thecolo-  

rod0 River Basin. The studies indicate plainly that .. - . - - the - . -- latter - 

schedule of  depletions connot be. attoined with-the a v a ~ a b l g  

water supply. --- It is believed, therefore, tha t  the true schedule of 

future depletions wil l  l ie somewhere between these two estimotes. 

Releases from Lake Powell for the purpose of generating energy 

probably wi l l  be somewhere between 8.25 m a t  per year and 

8.75 m a f  per year. These ore in excess of that required by 

the Compact 

It is concluded from the results of the studies summarized i n  

Tables No. 1 and 2 that shortages of water in the main-stem o f  ---- - -- - - -  - - ..--... 
the Colorado River to  supply 2.8 mat  for beneficial consumptive 

--- - -- . 

use in Arizona, and up  t o  4.4 m a t  for beneficial consumptive use - - 
in California. and 0.3 m a t  of beneficial consum~t ive  use i n  Ne- 

vada plus 1.5 m o t  t o  Mexico wil l  amount t o  well over one mill ion 

o f  by the year 2000. The shortage could materially exceed 1.5 maf  
-... -- "... ~-/-  .-*-- - - "  . -.- --. - 
by that  year. It is concluded that  shortages could commence by 

the year 1991 and in no case would they start later than 1995 

under the conditions shown in Tables No. 1 and 2. 

The same general conclusions as t o  the shortage by the year 

2000 are indicated from the results of the studies covering the 

period 1906 through 1965 (estimated). See Studies Numbers 21 
and 22 in Appendix B. 

The only exception to  the above would be i f  Lake Mead were 

completely drained to  absolute dead storage. Under this condi- 

t ion substantial shortages for the Lower Basin beneficial uses 

would occur sometime after the year 2000, after which they would 

be as severe as those indicated in Tables No. 1 and 2, and Studies 

21 and 22 of Appendix B. 
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i The beneficial consumptive use of ma in  stem Colorado Riv- 

er water as made at the present time by California is something 

over 5.0 mat. In the studies it was assumed that  California would 

continue this level of use until i t  became fair ly imminent that the 

contents of  Lake Meod, because of releases for consumptive-use 

purposes, would approach rated power head. It was assumed that 

a t  this point the uses by California would be cu t  bock to 4.4 rnaf. 

Some have taken the position that this cutback should be made a t  

the time the Central Arizona Project would go in to operation, 

which is estimated to  be about the year 1975 if the project is 

authorized o t  a n  early date and is expeditiously constructed. It is 

not considered that  this position is a sound one. 

Under each of the studies from which these conclusions hove 

been derived, deliveries a t  Lee Ferry of amounts greater than the 

75 mat  in successive 10-year periods as required by  the Compact, 

have been made. The excess amount of water is  more than suf- 

ficent under the assumptions made for the studies to  supply the 

amount which California now is using in excess of 4.4 mat. Even 

i f  California were cut back to  4.4 mat  in 1975, the studies indi- 
cate the shortage in the Lower Basin would be substantially great- 

er than one mi l l ion acre-feet in the year 2000, if the rated power 

head at  Lake Mead  is to  be maintained. 

While the Colorado River Compact by its terms makes the 

generation of power subservient to  the consumptive use of Colo- 

rado River water for agricultural and domestic purposes, there 

arises the question as to whether it would be possible and practic- 

oble to deplete storage in Lake Mead to  the point that  no power 

could be generated. Power contracts with the Secretary of Interior 

exist, and many industries and municipalities now are dependent 

upon the power generated a t  Hoover Dam. This poses a question 

that probably cannot be answered a t  this time. 

However, it would appear that i t  might be unwise a t  this 
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t ime t o  authorize a new project for use of substantial amounts of 

water from the main stem of the Colorado River in the Lower Ba- 

sin when a study of stream-flow records discloses that the require- 

ments for such a project might  cause the depletion of Lake Mead 

below the level where it could generate power. Even then, there 

would be no assurance that  water would be available t o  the pro- 

ject if storage in Lake Mead  were entirely depleted t o  absolute 

dead storage. At that  t ime the only water available would be the 

amount released a t  Lee Ferry plus accretions to  the river between 

Lee Ferry and Hoover Dam. This would fa l l  far short o f  enough 

water t o  sustain present uses and the new development. Otherwise 

the assumption would have t o  be made that  after Lake Mead  had 

been depleted to  absolute dead storage it would rapidly fill by a 

succession of years of  good runoff. It is considered that such an  

assumption is not warranted. 

Finally, i t  would be fair  t o  conclude that the authorization 

of projects in the Lower Colorado River Basin which would uti l ize 

substantial additional quantities of water would be unwise a t  this 

time unless at  the same t ime a project, or projects, for the im- 

portation of substantial amounts of water from sources of surplus 

are authorized. 



Toble 1 

SHORTAGES TO CALIFORNIA, ARIZONA AND NEVADA 

BASED ON STUDY PERIOD 191 4-1 964, DEPLETION 

FACTOR = 1.0 AND MAXIMUM UPPER BASIN 

RESERVOIR CONTENT = 32.0 mot 

U.S.D.I. Depletion Schedule States of the Upper Division Depletion Schedule 

Minimum Lake Mead Lee Ferry Delivery = 8 3 5  rnaf Lee Ferry Delivery Â¥= 8.75 mat Lee Ferry Delivery = 8 2 5  m a t  Lee Ferry Delivery = 8.75 maf  

Conlent, maf:  16.453 8.0 0 16.453 8.0 0 16.453 8.0 0 16.433 8.0 -----  - - -  0 - 
Study 
Yeor 

1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 1057 1051 
1990 1412 1412 

2016 2349 2124 1724 2349 2124 1724 2349 2124 1310 2349 2124 1310 

Shortages in 1,000 ocre-feet. 



Table 2 

SHORTAGES TO CALIFORNIA, ARIZONA AND NEVADA 

BASED ON 1921-1964 PERIOD 

U.S.D.I. Depletion Schedule States of the Upper Division Depletion Schedule 

Minimum Lake Meod Lee Ferry Delivery = 1 2 5  mof Lee Ferry Delivery = 8.75 mof Lee Ferry Delivery = 1:25 mot  Lee Ferry Delivery = 1.75 mof 

Content, mof: 16.453 1.0 0 1 6 4 5 3  8.0 16.453 1.0 0 16.453 1.0 0 - - 0 - - - - - -  -. - - - 
 stud^ 
Yior 

1966 
1967 
1968 
1969 
1970 
197 1 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 452 5 8 
1984 1159 1159 
1985 1205 1205 

1986 1247 12  1247 12 
1987 0 788 1288 788 
1988 0 829 1329 829 
,989 0 87 1 1371 87 1 
1990 806 91 2 1412 912 

1991 1429 929 1429 1057 929 
1992 1446 94 6 1446 1221 946 
1993 143 964 1464 1238 964 
1994 0 98 1 1481 1255 98 1 
1995 564 998 1498 1272 2248 143 

1996 1515 1015 1515 1289 2265 2039 
1997 0 0 1532 1307 2282 2057 
1998 0 437 1549 1324 919 2299 2074 
1999 8 13 58 1066 57 1 1566 1341 1018 2316 2 '91 
21 00 1583 1358 1083 858 2333 2108 1715 2333 2108 1595 
2001 1584 1359 1084 859 2334 2109 1722 2334 2109 1414 

Shortages in 1,000 ocre-feet. 



R E Q U I R E D  R E S E R V O I R  C A P A C I T Y  

M i l l i o n  a c r e  f e e t  

C O L O R A D O  R I V E R  9 2 1  -1964 -n - 
U P P E R  B A S I N  D E P L E T I O N  o 

c 
VS.  R E Q U I R E D  R E S E R V O I R  C A P A C I T Y  a 

m 
7.500 ma f  D E L I V E R Y  A T  L E E  F E R R Y  - . . 



R E Q U I R E D  R E S E R V O I R  C A P A C I T Y  
M i l l i o n  acre  f e e t  

C O L O R A D O  R I V E R  9.21 -1964 TI - 
U P P E R  B A S I N  D E P L E T I O N  OT 

c 
VS.  R E Q U I R E D  R E S E R V O I R  C A P A C I T Y  m 

8.250 m a t  D E L I V E R Y  A T  L E E  F E R R Y  
IS3 
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STATEMENT 

of 

-ROYCE J. TIPTON 
Consulting Engineer 
of Denver, Colorado 

Proposed Legislation to Authorize Construction 
of the 

Central  Arizona Projec t  

My name is Royce J. Tipton. I r e  side in Denver, Colorado. - 

I a m  a consulting engineer,  and a m  president  of the engineering f i r m  

of Tipton and Kalmbach, Inc., whose main office is in  Denver, Colorado. 

I a m  appearing fo r  the Upper Colorado River  Commission. 

Because of the pending legislation which seeks to authorize the 

construction of the Central  Arizona Project ,  the f i rm of Tipton and 

Kalmbach, Inc., w a s  retained by the Upper Colorado River Commission 

to make a study of the water supplies of the Colorado River available fo r  

use by the s ta tes  of the Upper Division of the Colorado River Basin and 

for  use f rom the m a i n  stem of the Colorado River by the s ta tes  of Arizona, 

- California, and Nevada in the Lower Colorado River Basin. 

Figure 4 is a map on which has been depicted the Colorado 

River Basin, the principal  r i v e r s  of the Basin, and other fea tures  such 

a s  the va r ious  units of the Upper Colorado River Storage Pro jec t ,  and 

lakes Mead, Mohave, and Havasu in  the Lower Basin. Certain other 

dam and r e s e r v o i r  s i t e s  a r e  depicted, such a s  Bridge Canyon, and 



Marble Canyon in the Lower Bas in ,  and Gray  Canyon, Echo Pa rk ,  

Split Mountain, Cross  Mountain, and Whitewater in the Upper Basin., 

Lee F e r r y  i s  indicated on the m a p ,  i t  being the division point between 

the Upper Basin and the Lower Basin.  Glen Canyon Dam i s  located 

essentially a t  Lee Fe r ry .  The  l ine  of the proposed Central  Arizona 

Project  is shown on the m a p  as a broken line. The various f ea tu res  of 

the project a r e  indicated on the  m a p .  

Our studies, dated Ju ly  1965, indicate that nature h a s  dec reed  

that there will not be sufficient w a t e r  in  the Colorado River to  supply 

the 7. 5 million acre-feet  apport ioned to the s tates  of the Upper Basin 

of the Colorado River Basin and  a l s o  the 7. 5 million ac re - fee t  f o r  use 

by the three states,  Arizona, Cal i fornia ,  and Nevada, plus the 1. 5 

million acre-feet allocated to Mexico  by the Mexican Water Trea ty  of 

1944. 

At the time the Colorado River  Compact was negotiated in 

1922, and a t  the time the C o n g r e s s  gave approval to the Compact in 1928, 

estimates and records of the flow of the Colorado River a t  Lee F e r r y ,  

which i s  the division point between the  Upper and Lower Basins ,  indi- 

cated there was more  than enough wa te r  to enable the s ta tes  of the Upper 

Basin to deplete the flow by 7. 5 mill ion acre-feet  p e r  yea r  and a t  the 

same time deliver a t  Lee F e r r y  75 mil l ion acre-feet  in success ive  

10-year periods for  use in the Lower  Basin a s  provided by the Colorado 

River Compact. The apparent  s u r p l u s  a t  that time was m o r e  than sufficient 



to take ca re  of the de l ivery  of 1. 5 mill ion acre-feet  to Mexico, which 

. subsequently was a l located to h e r  by the Mexican Water  rea at^ of 1944. 

Those who w e r e  respons ib le  fo r  negotiating the Colorado River  

Compact, and the i r  engineer ing and  legal advisors ,  w e r e  among the 

mos t  outstanding expe r t s  i n  the United States.  At the t ime  the Compact 

was negotiated everyone identified with Colorado River  m a t t e r s  was, 

in general, very  p leased  with t he  Compact. Interests  in  the Upper Basin 

considered that t he re  w a s  a m p l e  wa te r  r e s e r v e d  for  fu ture  u s e s  in the 

Basin. However, in  1930 t h e r e  began a per iod  of low flow in the Colo- 

rado River Basin a s  wel l  as in  o t h e r  intermountain basins .  Such con- 

dition has pers i s ted  f o r  35 y e a r s .  If t he re  should be a repet i t ion of 

s t ream flows such a s  h a s  ex i s t ed  during the 70-year ~ e r i o d  1896 to  

1965, not only would the w a t e r  suppl ies  f o r  the s ta tes  in  the Upper 

Division of the Colorado River  Bas in  be well  below the amount  apportioned 

to those s ta tes  by the Colorado River  Compact,  but t he re  would not be 

sufficient w i t e r  to support  any addit ional m a j o r  development in the s t a t e s  

of the Lower Basin. 

Figure 5 depic t s  the situation. The scale  on the left  of the 

exhibit indicates flow in  mi l l ion  ac re - f ee t  uni ts  by 2 mi l l ion-acre- fee t  

intervals.  The sca le  a c r o s s  the bottom i s  a t ime  scale  extending by y e a r s  

f rom 1895 to 1965. T h e  heavy i r r e g u l a r  line r ep re sen t s  10-year  running 

averages  of the v i rg in  flow of the  Colorado River at  Lee  F e r r y  f r o m  

1896 through 1965. The heavy l ine  at the 7 .5  million a c r e - f e e t  point 



on the exhibit represents  the 7. 5 mil l ion ac re - fee t  apportioned to 

the Lower Basin by Article 111 ( a )  of the Colorado River Compact, 

which incidentally i s  the amount the s t a t e s  of the Upper Division a r e  

obligated to deliver a t  Lee F e r r y  by Ar t ic le  I11 (d) of the Compact. 

On top of that heavy line i s  indicated another  increment of 7.5 mill ion 

acre-feet representing the amount apportioned to the Upper Basin by 

Article 111 (a )  of the Colorado River  Compact. 

It m a y  be noted from F igure  5 that  the  virgin flow for  the 

10-year period ending in  1906 w a s  about equal  to the 15 mill ion a c r e -  

feet apportioned between the Upper and Lower Basins by Article I11 ( a )  

of the Colorado River Compact. The f igure indicates that the flow rapidly 

increased, and reached a high about the t ime the Colorado River Compact 

was negotiated. The virgin flow a t  Lee F e r r y  f o r  the 10-year per iod 

ending in 1922 averaged a.bout 18. 5 mill ion acre- fee t .  The water  supply 

for  the 10-year period ending in 1923 approached 19 million acre-feet .  

The stippled a r e a  above the 15 mil l ion-acre-feet  line indicates the 

apparent surplus which existed a t  the t ime the Colorado River Compact 

was negotiated, and which pers i s ted  until the 10-year  period ending in 

1933. From 1933 to the present  t ime the success ive  10-year flows 

have been below 15 mill ion ac re - fee t ,  except f o r  the 10-year period 

ending in 1950 when i t  was  about, equal to 15 mil l ion acre-feet .  I t  was  

assumed that any water  that might be al located to Mexico would be 

derived from the water  represented by the stippled a rea .  

The hatched a r e a  on Figure  5 r e p r e s e n t s  the deficiency in the 
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water  supplies apportioned to the Upper Basin  by the Colorado R ive r  

Compact. The mean annual v i rg in  flow a t  Lee  F e r r y  was 14.9 mi l l i on  

acre-feet  for  the 70-year pe r iod  1896 through 1965. The Upper Bas in  

a t  the present time does  not have the  development  which would u t i l i ze  

the full 7.5 million ac re - f ee t  p e r  y e a r .  Tota l  water  r equ i r emen t s  i n  

the s ta tes  of the Upper Division will a t  s o m e  t ime  exceed the 7. 5 mi l l ion  

acre-feet .  (The Upper Colorado  R i v e r  Compact  allocated 50 ,000  a c r e -  

feet  to Arizona out of the  7 .5  mi l l i on  a c r e - f e e t  apportioned to  the  Upper  

Basin by the C olorado River  Compact ;  thus  the  s ta tes  of the Upper Di- 

vision actually have 7. 45 mi l l ion  a c r e - f e e t -  net  - under the two compacts.). 

It is believed that a t  some  t ime  i n  the  not too distant future  t h e r e  wi l l  be 

beneficially consumptively u sed  a s  m u c h  w a t e r  in the Upper Basin  a s  

nature will supply. 

Detailed r i v e r  and r e s e r v o i r  opera t ion  studies w e r e  m a d e  of 

the entire r i ve r  sys tem,  f i r s t  t o  d e t e r m i n e  how much water  can  reasonably  

be relied on for  beneficial consumptive u se  in  the s ta tes  of the  Upper 

Division of the Colorado River  Bas in  and ,  second, how much  w a t e r  wi l l  

be available to satisfy exis t ing and proposed  use s  in the Lower  Bas in ,  

limited a t  the moment by the  7. 5 mi l l ion  ac re - f ee t  which the  Supreme  

Court recognized a s  having been  apport ioned to the th ree  s t a t e s  of the 

Lower Basin - Arizona, Cal i fornia ,  and Nevada. A s e r i e s  of s tud ies  

was made to determine the re la t ion between the Upper Colorado R ive r  

Basin storage capacity and the amount  of depletion that could be  m a d e  

in the Upper Basin while a t  the s a m e  t i m e  delivering 75 mil l ion a c r e - f e e t  
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a t  Lee F e r r y  in successive 10-year  periods.  The r e su l t s  of this 

s e r i e s  of studies a r e  shown on Figure 1. The scale  on the left of the 

exhibit indicates by units of one million ac re - fee t  depletions by the 

s tates  of the Upper Division. The scale  a c r o s s  the bottom of the figure 

indicates the required r e s e r v o i r  capacity in  units of mill ion acre- fee t  

to permit  a given depletion to be made a s  read  on the sca le  a t  the left. 

The aggregate capacity of the units of the Upper Colorado River  Storage 

Project which have been completed o r  which a r e  under construction, i s  

29 million acre-feet  above ra ted  power head. This  includes bank storage. 

With that capacity, the l imit  of depletion in the s t a t e s  of the Upper Divi- 

sion i s  6 .3 million ac re - fee t  including r e s e r v o i r  evaporation. Deducting 

reservoir  evaporation, the amount available fo r  use  a t  the points of use 

i s  only about 5.6 mill ion acre- fee t .  In o r d e r  to approach the total bene- 

ficial consumptive use of 7 .45 mill ion acre-feet  apportioned to the s tates  

of the Upper Division by the Upper Colorado River Compact (7.5 million 

acre-feet minus 50, 000 ac re - fee t  to Arizona), some 72 mil l ion acre-feet  

of storage capacity would be  required. Reservoi r  l o s ses  would be about 

1.5 million acre-feet.  No such r e se rvo i r  potential ex is t s  in the Upper 

Basin. While Figure 1 indicates  the r e su l t s  fo r  the study period 1921 

through 1964, another per iod,  1903 through 1964, was used f o r  another 

study and results identical to  those indic,ated on Figure 1 w e r e  obtained. 

Regardless of what m a y  happen in the Lower Basin, so long a s  

the states of the Upper Division a r e  obligated to deliver a t  Lee  F e r r y  

75 million acre-feet  in success ive  10-year per iods,  the amount  of water  
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available will fall f a r  shor t  of that apportioned to the Upper Division 

by the Colorado River Compact and the Upper Colorado River Compact. 

The only way this situation can be rel ieved i s  by the importation of 

water  f rom places of water  surplus .  

To determine how much wa te r  would be available for  beneficial 

consumptive use by the s ta tes  of the Lower Division, 36 studies were  

made extending fo r  var ious  lengths of t ime,  and  assuming various r a t e s  

of increased beneficial consumptive u s e  in the s ta tes  of the Upper Divi- 

sion. Because a t  present  any inc rease  in Lower Basin uses  m u s t  rely 

on water apportioned to the s ta tes  of the Upper Division but not present ly 

used by them, the timing and magnitude of increased  uses  by the s t a t e s  

of the Upper Division appear  to some  to be important.  Some believe that 

if sufficient unused Upper Division water  were  available to the Cent ra l  

Arizona Project  throughout i t s  payout per iod the project would be 

feasible. Others believe that the probabili ty of having major  importation 

projects which can bring new water  supplies to the Colorado River Basin 

i s  such that this water  would be brought into the Basin before the unused 

water supply from the Upper Division s t a t e s  became exhausted and was 

no longer available fo r  use in the Lower Basin.  

Various es t imates  have been made  of the magnitude and timing 

of additional developments in the Upper Basin. On Figure 3 a r e  indicated 

the prognostications ma.de by the State of Arizona, the U. S. Inter ior  Depart- 

ment a s  of July 1965, the Colorado River Board of California, and the 

states of the Upper Division. The sca le  on the left of the figure indicates 
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the est imated depletions by the  s t a t e s  of the Upper Division i n  uni ts  

of one million acre - fee t .  The s ca l e  a c r o s s  the bottom i s  a t i m e  sca l e  

extending f rom the y e a r  1960 to the y e a r  2030. It m a y  be noted that  

there  i s  a wide sp read  among the e s t i m a t e s  of the var ious  en t i t i es ,  

that of Arizona being the lowest ,  and  that  m a d e  by the s t a t e s  of the 

Upper Division being the highest .  Those  m a d e  by the U. S. In t e r io r  

Department and the Colorado R ive r  Board  of California l ie  f a i r l y  c lose  

together. In the  s tudies  the  e s t i m a t e s  m a d e  by the U. S. In te r io r  De- 

par tment ,  the Colorado River  Boa rd  of California,  and  those m a d e  by 

the s ta tes  of the Upper Division w e r e  used.  

Various de l i ve r i e s  a t  Lee  F e r r y  w e r e  assumed,  one amount-  

ing to the Compact de l ivery  of 75 mi l l ion  acre - fee t  i n  success ive  10 -yea r  

periods a s  provided f o r  by Ar t ic le  III ( d )  of the Colorado River  Compact.  

In another s e r i e s  of s tud ies  a de l ivery  of 8. 25 mill ion ac re - f ee t  p e r  y e a r  

was  assumed,  i n  o r d e r  to genera te  power  the s a l e  of which would a i d  i n  

financing the construct ion of p ro j ec t s  i : .  the  Upper Basin. Another s e r i e s  

of studies a s sumed  a del ivery of 8 .75 mil l ion acre - fee t ,  the e x c e s s  r e l e a s e  

being f o r  the s a m e  purpose  - the  a c c r u a l  of funds to a id  in the financing 

of additional development i n  the  Upper Basin. In one s e r i e s  of s tud ies  i t  

was  assumed that  Lake Mead would not be  drawn below ra ted  power head 

o r  a content of l6. '463 mil l ion ac re - f ee t .    not her s e r i e s  of s tud ies  

assumed Lake Mead would be d rawn  down to a content of 8.0 mil l ion 

acre-feet ,  which i s  the lowest i t  could be drawn down and s t i l l  supply 

wate r  to the intake f o r  Nevada. Another study a s sumed  the drawing down 

n 



of Lake Mead to the absolute l imit  of dead s torage.  A net inflow from 

Lee F e r r y  to Lake Mead of 675,000 ac re - fee t  was assumed. This  

represents  the his tor ic  inflow depleted f o r  r e s e r v o i r  evaporation a t  

Marble Canyon Reservoi r ,  depletions by the Dixie Project  on the 

Virgin River in Utah, and by some additional depletion of the Little 

Colorado River. Losses  below Hoover Dam w e r e  assumed a t  810,000 

acre-feet  a f te r  the salvage program proposed by the U. S. Inter ior  

Department has  been completed. It was a s sumed  that the Bill  Williams 

River would contribute a net of 55, 000 ac re - fee t  to the r i v e r  below Lake 

Mead af ter  cer tain developments have been made  on the Bill Williams 

River. 

The beneficial consumptive u s e s  by the s ta tes  of the Lower 

Basin were assumed a s  4 .4  million acre- fee t  by California, 2. 8 million 

acre-feet  by Arizona, and 300, 000 ac re - fee t  by the State of Nevada. The 

minimum water supply required by the Central  Arizona P ro jec t  i s  1. 2 

million acre-feet.  It i s  a s sumed  that the diversion f rom the r i v e r  would 

be synonymous with beneficial consumptive use  a s  defined by the Court 

because it i s  not believed that any of the return flow from the Central  

Arizona Project would r each  the ma in  s tem of the Colorado River .  

A l ist  of the s tudies  i s  given in Tables  B-1 and B-2. All of 

the r iver  and r e se rvo i r  operation studies disclosed that t he re  would be 

substantial shortages in the water  supplies for  the Lower Bas in  under 

the above assumptions a t  the end of this century unless Lake Mead were  

to be drawn to the top of the dead storage. In two of the s tudies  the 
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emptying of Lake Mead would delay the o c c u r r e n c e  of shor tages  until 

the year  2006 in one c a s e ,  and t o  ,the y e a r  2008 in another  case .  Under 

the other assumptions  based  on the schedule  of the Upper Division 

depletions a s  es t imated  by the s t a t e s  of the  Upper Division, even if 

Lake Mead were  emptied,  substant ia l  s h o r t a g e s  would occur  by the 

y e a r  2000. 

The r e s u l t s  of the  m o s t  per t inen t  s t ud i e s  a r e  indicated in  

Tables  2 and 2 A. 

It i s  concluded that ,  without quest ion,  the importation of wa te r  

f r o m  sources  of su rp lus  supplies is e x t r e m e l y  important  to both the 

Lower Basin and Upper Basin. 

It i s  fully r ea l i zed  that  making  r i v e r  and r e se rvo i r  operat ion 

studies utilizing h i s to r i c  r e c o r d s  imp l i e s  tha t  t he re  will  be a n  exact  

re-occurrence of wa te r  suppl ies  a s  d i s c lo sed  by the his tor ic  r eco rds ;  

th is ,  of course ,  is not possible .  Some au tho r i t i e s  a r e  trending m o r e  

and more  to  the u s e  of probabil i ty methods  i n  predict ing future  wa te r  

supplies; such s tudies  a l s o  m u s t  be based  on  what has  happened in the 

past ,  but var ious  s tud ies  can be m a d e  whe reby  the r e c o r d s  of var ious  

y e a r s  a r e  shuffled, recognizing in  the shuffling that  a s e r i e s  of high 

y e a r s  is  apt to occur  together ,  and a s e r i e s  of low y e a r s  i s  a p t  to occur  

together. A s t r i c t  probabil i ty ana lys i s  of the  virgin  flow of the  Colorado 

River a t  Lee F e r r y  a s  es t imated  and a s  r e c o r d e d  for  the 70-year per iod  

1896 through 1965 d i sc lo se s  that  the m e d i a n  y e a r  i s  equal to the  ave rage  

year  of 14.9 mil l ion acre - fee t .  It c an  be  a s s u m e d  that  f rom a probability 
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standpoint there i s  a 50 percent  chance the water  supply would exceed 

14.9 million acre-feet  per  yea r ,  and  a 50 percent chance it would be 

l e s s  than 14.9 million acre- fee t  p e r  year .  

To take ca re  of compact  u s e s  and the Mexican Trea ty  burden, 

the virgin flow a t  Lee F e r r y  would have to average slightly m o r e  than 

17 million acre-feet  pe r  year .  A s t r i c t  probability analysis  discloses  

that there i s  only a 30 percent  chance that this  flow would be equaled o r  

exceeded. Utilizing only the 6 .  3 mill ion acre- fee t  which a t  the moment  

nature has destined as a l imit  to which the Upper Basin can deplete the 

flow a t  Lee Fer ry ,  the amount of wa te r  requi red  to supply th i s  and to  

meet  the Mexican Water Trea ty  burden,  and the Supreme Court  alloca- 

tions to the states of the Lqwer Division, equals slightly m o r e  than 

16 million acre-feet  per  year .  T h e r e  is only a 40 percent chance that 

this  quantity of water would be equaled o r  exceeded. 

Whatever method of ana lys is  of the water supplies of the 

Colorado River i s  used, the r e s u l t s  a r e  essentially the same ,  i. e . ,  

there  i s  not enough water in  the r ive?  to  satisfy the apportionments 

under the Compact and the allocation to Mexico under the Mexican Water 

Treaty. Importation of water  i s  the only solution to the situation. It 

would appear to be extremely unwise to authorize the construction of a 

project in the Lower Basin on the supposition that there will be enough 

unused water in the Upper Basin to supply the needs of the pro jec t  until 

importation of water i s  made. If the Central  Arizona Pro jec t  i s  authorized, 

the authorization for  the importat ion of water  into the Colorado River  Basin 

should be made a t  the s a m e  t ime.  
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Y E A R S  

E S T I M A T E S  O F  
U P P E R  B A S I N  DE'PLETIONS 



Study 
No. 

1 

2 
3 (0) 

4 

5 (b) 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

18 
19 
20 
2 1 
22 
23 (b) 

24 (b) 

25 (b) 
26 (b) 

27 (b) 
28 (b) 
29 (b) 
30 (b) 
31 (b) 

32 (b) 
33 (b) 
34 (b) 

Toble B-1 

SUMMARY OF STUDIES 

Period 

1921-1964 
do 

do 

do 
do 

1 930-1 964 
do 

1914-1964 
1921-1964 

do 

do 

do 
do 

do 

do 
do 

do 

do 

do 

do 
1 906- 1 964 

do 

1914-1965 
do 

do 

do 

do 

do 
do 
do 

do 

do 

do 

do 

;o) C.R.B. Goins ond Losses 

Depletions 

Stota 

U.S.I.D. 
C.R.B. 

Stotes 

Stotes 

States 
U.S.1.D. 

Stota 

U.S.I.D. 

do 

do 

do 
do 

do 

Stotes 
do 

do 

do 

do 

do 

Stotes 

U.S.I.D. 
U.S.I.D. 

do 

do 

do 

do 

do 
Stotes 

do 

do 

do 

do 

do 

Delivery 

U.S.I.D. 
U.S.I.D. 
C.R.B. 
8250 
8250 
8250 
8250 
8250 
8250 

do 
do 

8750 
do 

do 

8250 
do 

do 

8750 
do 

do 

U.S.I.D. 

U.S.I.D. 

8250 
do 

do 

8750 
do 

do 
8250 

do 

do 

8750 
do 

do 

Lake Mead 
Minimum Content 

16,453 
do 

do 

do 
do 
do 
do 
do 

16,453 
8,000 

0 
16,453 
8,000 

0 
16,453 
8,000 

0 
16,453 
8,000 

0 
16,453 

do 

16,453 
8,000 

0 
16,453 
8,000 

0 
16,453 
8,000 

0 
16,453 
8,000 

0 

(b) Depletion Foctor = 1.0, U/B reservoirs 32 mof moximum 



Table B-2  

, - 

Summary of Studies - continued 

Study Lake Mead 
No. -- Period Depletions Del ivery ' Minimum Content (a 

35 1906-65 States 7500 1645 3 

36 1906-65 USID 7500 1 645 3 

(a) Values in one-thousand acre- fee t .  



Toble 2 

SHORTAGES TO CALIFORNIA, ARIZONA AND NEVADA 

BASED ON 1921-1 964 PERIOD 

U.S.D.I. Depletion Schedule Stctcs of the Upper Division Depletion Schedule 

Minimum laka Mead LÃ Ferry Dflicfr = 1:2S mof Lr* Far- Orl i t try - 1.71, -I L*Ã F K ~ ,  M i v -  = 1:21 m a t  LÃ Frrry D e l i r ~ y  = 1.71 Ã‘Ã 

Content, mat: 16.4SJ 1.0 0 U . 4 1 1  1.0 16.451 1.0 0 16.4SJ 1.0 0 - - - - -  0 - --  - . - -  - 
m 
T- 

1966 
1967 
1 968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
I976  
1 977 
1978 
1979 
1980 
1981 
I982  
1983 452 58 
1984 1159 1159 
1985 1205 1205 

1986 1247 12 1247 12 
1987 0 788 1288 788 
1988 0 829 1329 829 
1989 0 87 1 1371 87 1 
1990 806 91 2 1412 91 2 

1991 1429 929 1429 1057 929 
1992 1446 946 1446 1221 946 
1993 143 964 1464 1238 964 
1994 0 98 1 1481 1255 98 1 
1995 564 998 1498 1272 2248 143 

Shortages in 1,000 ocre-feet. 



Table 2-A 

Shortages to California, Arizona and Nevada 
Based on 1906-1965 period 

Minimum content Lake Mead 16. 453 million a. f. 
Annual delivery at Lee Ferry  7. 500 mill ion a.  f. 

(values of shortages in 1000 acre-feet)  

Study Year Depletion Schedule of States of Upper Division 
Assumed by As Assumed by 
U. S. I. D. States of Upper Division 
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