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HYDROLOGY OF THE BOULDER CANYON RESERVOIR
WITH REFERENCE ESPECIALLY TO THE HEIGHT OF
DA1.f TO BE ADOPTED

INTRODUCTION

The Boulder Canyon project act (45 Stat. 1057), approved Decem-
ber 21, 1928, was largely predicated on data developed prior to 1924.
The board of engineers appointed in pursuance of S. J. Res. 164r
a,pproved May 29, 1928 (45 Stat. 1011), in its report of December 3,
1928, considered some data which became available subsequently
but ,vas tillable in the limited time available to give detailed considera-
tion to tllese matters.
The Boulder Canyon act prescribed a minilllum reservoir capacity

of 20,000,000 acre-feet. The plans covered by the report of the board
of engineers contemplated adam to raise the water level 550 feet, with
an initial storage capacity of 26,000,000 acre-feet. 1-1arked reductions
in the cost of producing power in southern California resulting from
impro'vements in the art of steam power production make it necessary
to achieve the lowest obtainable cost of production to insure the
financial success of the project. Unexpectedly large power demands
m.ake it desirable to produce the maximum power consistent with.
engineering feasibility and cost.
Studies made in connection with the 1924 report. indicated adeclin-

ing cost for power with increasing reservoir capacities up to fully
34,000,000 acre-feet.
The present report is based on all data available to date and is,

directed primarily to the consideration of high level dams ,vith especial
attention to schemes of reservoir operation intended to produce a
maximum power output consistent with adequate flood protection
and an assured irrigation supply.
A number of important features have been given consideration to a

degree of detail not properly presentable in this summary. Descrip-
tions thereof will be found appended ina series of exhibits.

BOULDER CANYON STREAM FLOW

Discharge records.
Yuma gage height records are available from 1878 to date but dis-

charge measurements date only from 1902. Gaging stations \vere
established on the main tributaries in the upper basin at various times
in and after 1895. Desultory measurements were made at Bullshead)\
1902-03; Hardyville, 1905-1907; and Topock, 1917-1922. Depend-
a,bIe records have been obtained at Lees beginning \\ith 1922"
and at ,Bright Angel and Topoclr, beginning with 1923. iJ].
use at·Yuma in earlier years, while in keeping with methods in com-
mon use at the time, were not adequate to obtain accurate records in
periods of high water. Most of these imperfections would tend to
indicate' discharges higher than actual; some would tend to produce
'the opposite result. The Colorado River board reported an
that Yuma discharges should be reduced 10 per cent.



.A. careful study has been made of the reported discharges at Yuma
in relation to reported discharges atgaging stations in the upper basin
where the difficulties of measurement are far less, for the entire period
of concurrent records. The results of .. the present study and the
estinlates by E. C. LaRue appearing in V\TaterSupplyPaper No. 556
compare as follows:

.Z1;[ean annual discharge at Black. Canyon in acre-feet

1891'-1901, inclusive:
Bureau's 1930 estimate_ - _- _________________ 16,200,000
LaRue 1925 estimate -' '-_-' 17,700,000

1902-:-1922, inclusive:
Bureau's 1930 estimate from upstream records 17,600,000
Bureau's 1930 estimate from Yuma records ..:. 17,300,000
LaRue 1925 estimate ______ _________ _____ 17, 800, 000

From this stlldy it was concluded that the use of Yuma reported dis-
charges as the basis of estimated flows at Boulder Ca,nyon Dam is
conservative. Nevertheless it is believed advisable to assume that
Boulder Canyon water supply may be .overrated and a· general
ancefor.this purpose· is hereinafter explained.
Boulder Oanyonfiow in operated 8,tations.
The limited records of stream fiowon Colorado River malre it

advisable to use such records to the full extent available, consistent
with confidence in the result. For the years 1897-1901, discharge
estimates .are based on upstream records,. no .measurements· having
been made downstream. For 1902-1922 the Yuma records have been
'used by deducting Gila River discharges and addin.g Yuma ·.project
diversions to' obtain Colorado River flow; then applying a correction
based on concurrent records of 1926 to 1929, inclusive, at Yuma and
Topock, to obtain Topock discharges. The average annual loss from
Topock· toYunla was found. to be ·750,000· acre-feet annually. The
resulting estimated discharges at Topock for 1902-1922, togetherwith
the reported discharges there for 1923 to 1929 have then been cor-
rected to' obtain Boulder Canyon.· discharges, the correctionfa,etor
adopted bearing the same relation· to. the recorded correction factor
for Topock toYuma,Rs the stream bed and valley floor· areas! The
loss from Boulder Canyon to Topock was thus found ·to be 250,000
acre··feet annually, and the loss from Boulder Canyon to Yuma,
1,000,000 acre-feet, or an average of 1,380 second-feet, under present
conditions. The distribution of this loss through the year is based
on the recorded distribution of loss from Topock to Yuma. .·While the
annual loss is no doubt variable and bears some relation to heights and

of floods, climatic conditions, etc., lack of sufficient .records
preclud'e a proper determination of such variation which is, in any
event, comparatively small.
Oorrection jor past and future· depletion.
Past and 1928 irriga,tion development abovf) .Boulder Canyon,

inclUding transIllountain diversions and of ·ftIlticipated future develop-
the repayment period fOf. the Boulder Canyon

pro.ject have been reviewed, as has upstream power development.
For 'the. purposes of this report, Boulder Canyon Dam has been
assumed completed in 1938 in the
of 1928-1938 at the average rate from 1928 to 1Q88.The results may
be summarized as follo\\7'8:
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895,000

1988

3,368,000'
2,933,000
8,100,000

621,000
86, 400
172,000

19381928

730, 000

1,717,000 2,040,000
662,000 1 _

10,000

116, 000
27;800
2,000

Develop'Inent above Boulder Canyon

Irrigated area, WV.Lvo_. _ -- -.- ,- __. ..., -- _ -- --I

Capacity of irrigation reservoirs, aCI"e-I'eeL_!
Oapacity of power reservoirs, __ --I

diversions, acre-feet an-nually _
area of irrigation reservoirs,

Surface area of power reservoirs, acres_
Mean depletion for irrigation consumptive
use, transmountain diversions and res-
ervoir losses, acre-feet anually _

Mean annual inflow to Boulder Canyon,_

Irrigation depletion has been taken at 1.5 acre-feet per acre annually
for the first one million acres of development, with all additional areas
to have a normal consumptive use of 1.5 acre-feet per acre. -Normal
reservoir losses are assumed at 4 feet per year over the mean exposed_
area. These normal losses have been fluctuated for run-off conditions
with departure from the normal equal to one-half the departure ill the
case of run-off.
In estimating future stream flow,no allo"",-rance has been made for

the hold-over of upstream storage estimated to total 11,000,000
tlcre-feet in capacity by 1988. Its effect would be to increase stream
flow at Boulder Canyon during the critical period determining firm
power capacity.
No consideration has been given to tIle ultimate streanl flow avail-

able at Boulder Canyon since the matter of primary interest is the
power output which will be available during the 50-year repayment
period for amortization of construction advances. Even the repay-
Jnent period is so long that the estimate of run-off conditions as far
ahead as 1988 ma,y be far astray.

FLOOD CONTROL

J1;laximum discharges at Boulder Canyon.
In view of the large increase in const.ruction diversion capacity

recommended by the Colorado River board, further studies have been
made of the annual flood pea,ks that have passed Boulder Canyon.
Expressed in terms of probability, the results are as follows:

130, 000
160, 000

230,000
260,000
320,000
360,000
450,000

Discharge in
second-feetFrequency with which diRcharge will be equaled or exceeded

Once in 5 years _
Once in 10 years _
Once in 20 years ________ _ _
Once in 50 years ___ ___ _ _ _ ___________ _
Once in 100 years .___ _ _
Once in 500 years -..- _
()nce in 1,000 years__ _ _ _
Once in 10,000 years_ _ _
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During the period of discharge Ineasurements at YlIma, 1902--1929,
maximum discharges at Boulder Canyon have equaled or exceeded
100,000 second-feet on 17 separate occasions, 150,000 second-feet on
6 occasions, and 200,000 second-feet on 2 occasions,witha'nlaximum
of 210,000 second-feet. The flood of 1884 is estimated to have had
a peak of 250,000 to 300,000 second-feet.
The storage capacity ,behind the construction diversion 'v0 rl{s is

small but a break may nevertheless do some damage. The' need for
reassurance of downstream interests and the delay in construction and
consequent loss in revenue that would result from a flooding of the
dam excavation make it advisable to be conservative in provisions
for flood diversion during construction. The recommendation of
'200,000 second-feet by the Colorado River board, while very conserva-
tive, can hardly be considered overdrawn and appears advisable of
adoption.
Flood control discharges from reservoir.
At present the floods annually recurring destroy a large part of the

vegetal growth appearing on sand bars and in flood-water channels
between periods of flood, thus maintaining a condition favorable, to
rapid erosion by rising floods.
'Vaters releasedfrom Boulder Canyon reservoir will, for all practical

purposes, be clear and will issue at far more uniform rates than at
present. The result on the river channel, for a long time to come, is
extremelyproblematical. Eventually there will be a number of dams
between B.oulder Canyon and Laguna Dam with the river passing
serenely through a number oIslack-water ponds. "Waste, waters will
then be relatively small in volume and their disposal to the Gulfwill not
be difficult. In the meantime a large part of the flow must be con-
dueted to the Gulf.
Three possibilities, at once present themselves. The stream may

erode its bed, actively until enough gravel is uncovered to produce a
stable channel at materially lower elevations; it may degenerate into a
shallow bank-eroding with a continual tendency to meander
and to raise its bed;it may merely assume a highly meandering chan-
nel "\\tithin its flood plain and flow therein in a clear and compara-
tively narrow, deep strea,m. The first possibility, if extended to the
delta region, would solve the channel capacity problem but would
introduce difficulty in maintaining diversion and bank protection
works. The flood dangers in the second'need not'be,described. The
third possibility, while harmless at ordinary times, would be the most
dangerousin time of flood. In view of uncertaintites connected with
this situation, it is advisable to make liberal provisions for flood
control,andmaximumreservoir discharge of 75,000 second-feet with a
near maximum flood,'sueh as that of 1884, has been adopted.
Flood volumes.
In arriving at these volumes for the years of record since

consideration has been given to the loss and temporary ,storage of
water in the channels and by overflow between Boulder Canyon and
Yuma. The 1884 flood is known to have been the largest flow, both
in rate and seasonal volume, that has occurred in Colorado River
since settlements were made along that stream. Estimates for the



Occurrence once in-

Run-off, in millions of acre-feet in excess of-
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lOyears - _
50years _
100 years____________ - _

years______________ _ _
1,000 years - - _
1884flood _

From the above table it would appear that the 1884 flood was one
of near maximum proportions. This conclusion is supported by
accounts of stream-bed conditions found in the. description of the
Redrock Bridge in volume 25, Trans. A. S. C. E. In 1881 soundings
were made for bedrock. In 1888, after the high flood of 1884, the
so-called bedroclt of 1881 was found to have been replaced by drift
sand, gravel, and bowlders. i\.pparently the material taken for bed-
roc.k in 1881 had been in place for a period bordering on a geologic
:age permitting extensive compacting.
Flood control capacity and releases.
Studies of the relation of rainfall and run-off in the past 30 years

indicates that run-off cal). be predicted to a considerable degl'ee and
reservoir operations conducted to take advantage thereof. Rainfall
data for 1884 are meager as the Weather Bureau wa.s not then in
"existence; nevertheless, there were strong indications toward the end
of ,vinter of heavy run-off. It has been concluded that operation can
be so conducted as to result in a distributed reservoir outflow sub-
stantially as follows:

Second-feet
.April_ _______________________ _____ __ ____________ 55, 000

65,000June 75,000
July 75,000
August 50,000

River losses and irrigation diversions, inclu.ding the All-American
Canal, would reduce these flows by 13,000 second-feet in their passage
to Yuma.
'Vith such outflow, the requisite flood control capacity is 9,500,000

acre-feet with upstream development as estimated for 1938 and
4JOOO,000 acre-feet with upstream development as of 1988. These
reservations for flood control have been assumed in all computations
for power output. For the period of run-off record, from 1902 to
1929, the largest releases at the res,ervoir, and corresponding flows at

1884 flood are based on a gage height at Grand Junction, gage heights
ll.t Yuma, detailed newspaper accounts of flood conditions in '\vestern
Colorado, a flood observation at Lees Ferry, high-water marks in
'l3lack Canyon, and reports of conditions at Needles by the Atchison,
:tfopeka & Santa Fe Railroad engineers.
Probability theories have been applied to the data with the following

results, under conditions of no upstream irrigation:



NOTE.--Dischargesthrough the delta below Yuma would be less by 13,000 second-feet in summer and
4,000 second'-feet in winter.

21
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32
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I
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Mean out-jlowin' thousands. of second-feet

IRRIGATION USES

The lnaximumdiversion by the Imperial Canal up' to 1928 has been
7,255 second-feet. Yuma discharges are 2,500 second-feet less than
at Topock with a stable river at moderate discharges. inmidsumnler
and the loss from Boulder Canyon to Topock at such times is estimated
at 300 second-feet. . The .maximum release required from Boulder
Canyon under present conditions would then be 10,055 second-feet.
By ·1938 it is expected that the Los ..Angeles aqueduct would be in
operation \vith a demand of 1,500 second-feet. The All-American
Canal may also be constructed by 1938 with a capacity of 10,000
second-feet for irrigation purposes, but the ma.xllnum irrigation use
fronl the canal \villnot exceed 8,000 second-feet for a long time, such
use constituting an increase of fully 50 per cent over present California
use. 11exiconowuses about 2,000 second-feet and there ·is little
reason to .anticipate 'a greaiter dema/nd even though ·a water allocation
treaty be .consummated. The maximum demand in 1938 is then
estimated as fOIIO\vs:

Second-feet
Present use and loss Boulder Canyon to Yulua___________ 2,800
Los Angeles .A.queduct ':"________________________ 1,500
All-American Canal_ _________________________________ 8, 000
Mexico _________ _ ...: ___ _ 2, 000
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Yuma, with theAll-American Canal constructed and 1938 upstreart1
development would. havebeen .as follows:

Total __ -----

Under 1938 conditions power releases equal or exceed this amount
and irrigation de1l1ands need not be considered in reservoir operations.
Power demands in the lower Colorado River. Basin and adjacent

regions are expected to result in the construction of power' dams on
Colorado River.below Boulder Canyon at a comparatively early date .
... from .this feature the development of the Parker' and Parker-
Gila Valley projects will necessitate a diversion dam at Parker, with
favorable conditions for moderate storage capacity. Under these
conditions it is. tQbe expected that re-regulation of Boulder Canyon
outflow to fit irrigation needs will be effected by dams below Boulder
Canyon and that momentary irrigation demands need never be con-
sidered in Boulder Canyon operations. In the event irrigation plans

January --I

Septe.mber -- __ -. -,- _IOctober _
November -.- -. ___ _ I'

December_____________ _ _
'" .
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SILT

The Colorado River board adopted a figure of 137,000 acre-feet as
the annual silt load of the Colorado River compared \vith a previous
bureau estimate of 80,000 acre-feet. The estimates of upstream
tlevelopment contemplate reservoirs ,with a total capacity of
11,000,000 acre-feet, of which SOUle 8,000,000 acre-feet would be in
power reservoirs principally at the lower ends of the main tributaries.
(;onstruction of the Bridge Canyon Dam is included with an active
storage capacity of 1,000,000 acre-feet.
.. The upper reservoirs will materially red'uce silt flow while Bridge
(;anyon would almost completely stop silt flow into Boulder Canyon.
The silt accumulation during the repayment period has been assumed
itt 3,000,000 acre-feet with a maximum deposit at a level slightly
belo,,! the average storage level.

OUTPUT
IJlant efficie'ncy.
The following efficiencies have been assumed in all operations:

Per centPenstocks 97
Turbines 90
Generators 96
Transforrners 99

Net over-all efl?ciency 83

Firm power.
Run-off records on Colorado River extend over a period of 37 years

frOlTI 1895 to 1932. No other stream in this locality has longer.
records. Great Salt Lake obtains most of its inflow from the western
slope of mountains, the eastern side of which drain to the Colorado
River. to Great Salt Lake can be estinlated for the past 78
years from known lake levels, known lake area, estimated evaporation
rates, and allowances for increasing depletions for irrigation uses.
From such estimates it appears that there have been three periods of
10"\\"" run-off in 78 years, each of vvhich closely approximated that of
1900-1905, inclusive, in total run-off for the 6-year period, one of
these having a total 6 per cent below and the other 4 per cent above
the late period. .
Tllere are, furthermore, other periods with' conditions only moder-

atel}! better. Firm power should, therefore, be based on the output
obtainable in the low run-off period immediately following 1900.
It has been decided that a maximum monthly shortage of 10 per cent
in firnl power output will be permissible.
\Vith declining storage, increasing outflow is necessary for full

power output. When such depletion is carried too far,
re,sults obtain in tllatthe-maximulll power shortage becomes unduly



high, irrigation shortages are invited, and total power output during
the critical period is depressed by the continuance of low heads. To
meet this situation, an empirical rule has been adoptedfor a maximum
permissible draft of 15,000 second-feet un4er1938conditionswhen-
ever the storage level is below 15,000,000 acre-feet; and of 14,000
second-feet under 1988 conditions whenever the storage level falls
below 15,000,000 acre-feet.
The resulting firm power for ,rarious Inaximum high-water levels

is as follows:

482 APPENDIX 29

Firm power out- Firm power out..
Maximum Raise in put under 1938 put under 1988
water level, river conditions· (horse- conditions·(horse-

feet (feet) power, continu- power,continu-
ous output) ous output)

1,204 557 608,000 543,000
1,222 575 650,000 582,000
1,229 582 663,000 594,000

Dump power output.
Except during the critical periods of lo,v run-off, large amounts of

power maybe produced in addition to the firm power. This report
assumes power installations such that the firm power, if generated at
a uniform rate would constitute 65 per cent of the installation, in
effect permitting a load factor as low as 65 per cent. Plant capacit:r
at anytime ·notneeded for the production of firm power may· be
utilized to produce. dump power provided a suitable· market be found.
A detailed ·study of the relation of accumulated precipitation in

winter and early spring to the run-off in the succeeding summer
produced results permitting a rather extensive use of flood storage
capacity for power production without encroaching upon the primary
purpose. of such storage· for flood control and -wi.thout endangering
firm po"Ter output in case· a protracted period of low run-off should
develop. The details of these provisions are so complicated that they'
will not be reproduced here but may be consulted in Exhibit II.
Heights of da1n considered.
The .Colorado River Board report ,vas based on consideration of

adam having a top elevation (exclusive of parapet) of 1,207 with
ordinary high-water level fixed at elevation 1,197, a 550-foot raise of
the low-water surface of· the river. It has now been concluded "that
the 10'"'"foot freeboard heretofore contemplated may safely be reduced
to 3 feet, in view of the extremely rare occasions when the upper por-
tion. of the flood-control storage will be. utilized. As the raise in
\\'ater level has becolne the more commonly used term in designating
the size of .. dam, that term "rill also here be used. The three levels
considered are as follows:

Raise in ITop of dam, Capacity at high Capacity at highwater sur- High water
face, feet I

elevation water in 1938 water in 1988 1

Acre-feet Acre-feet
557 1 1, 207 204 27,000,000 24,000,000
575 1,225 222 29,500,000 26,500,000
582 1,232 229 30,500,000 27,500,000

1 Same as dam considered by Colorado River Board.



OUTPUT IN HORSEPO'VER

ANNUAL OUTPUT IN MILLIONS OF KILOWATT-HOURS

3,880
4,990

198&

582 feet
1,232 feet
1,229 feet

19381988

575 feet
1,225 feet
1,222 feet

19381988

557 feet
1,207 feet
1,2M feet

Raise in Computed firm Adopted firm Adopted annual outputwater sur-
face power output power output of firm power

Feet lIorsepower lIorsepower Kilowatt-hours
557 608,000 547,000 3,600,000,000
575 650,000 585,000 3,800,000,000
582 663,000 597,000 3,900,000,000

'Upstream development as oL 1938

Plant capacity______________________ 1 935,000 935,000 1,000,000 1,000,000 1,020,000 1, 020, 000
Oontinuous firm output_____________ 608,000 543, 000 650,000 582,000 663, 000 594,000
Average possible output, 1897-1929__ 837, 000 722, 000 887,000 754,000 901,000 765, 000
Minimum output-------------------

l
547,000 489,000 585, 000 524,000 597,000 535,00

I

ltaise in water surface _
:mlevation of top of dam _
:High-water level _

Iteservoir capacity acre-feeL_ 27,000,000 24,000,000 29,500,000 26,500,000 30,500,000 27,500,000;
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lsummary of power Oihtput.
rrhe results of the computations on tIle bases heretofore outlined

$ire herein summarized.

Reservoir operations and related data bearing on the reservoir with
575-footraise in water surface are presented as Plates 1 and2. [Omitted)
The pqwer analysis indicates a large amount of dllmp power avail-

able over a major portion of time provided adequate equipment be
installed for its generation. If contractors for firm power should so
coordinate their sources of power as to be able to utilize Boulder
Canyon power at a 100 per cent load factor, no dump power would
be available except through the provision of additional power units.
The price obtainable for dump power may not warrant such an under-
taking. In view of these uncertainties it is inadvisable to take dump·
po,\\Ter into consideration in determining relative advantages for dif-
ferent heights of dam. .
Determinations of firm power output have necessitated extensive

estimates in base data. Due caution dictates that the results be
scaled down at least until new and additional data obtainable only
in the course of a number of years of observation, particularly of
stream flow and 'rainfall, shall confirm or alter the estimates made.
It is proposed that the comparison be. based on firm power output
10 per cent less than that computed for conditions of 1938.
Firm power output under 1938 conditions:



1, 222
16
10
13

1, 229
23
15
25

1,204

From 575 to
582 feet

1, 229
23
8
8

1,222
16
3

O. 3

1, 204

From 557 to
575 feet
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COST OF POWER OBTAINABLE BY RAISINGDAlVI

1 Interference negligible, limited to backwater effect at high

557-FOOT DAM AT BOULDER CANYON
Maxhnum water level at Boulder 1_ _ _

575-FOOT DAM'AT BOULDER· CANYON
Maximum ,vater level at Boulder _
Maximum encroachment . _
Greatest.encroachment, 1897-1929 _- .----,.... '-'-. - __ I

Time encroached, 1897-1929 .:. per cent_
582-FOOT DAM AT BOULDER CANYON

Maximum ,vater level at Boulder _
Maximum encroachment___ _____ _________ _ feet_
Greatest encroachment, 1897-1929 do _
Time encroached, 1897-1929 per centc..

INTERFERENCE WITH BRIDGE CANYON SITE

Increase in raise of water surface

With a 557-foot dam tllere is negligible encroachment. V\Tith the
575-foot and 582-foot dams, the maximum encroachment is 16 feet
and 23 feet, respectively, this result obtaining when a full reservoir

Increase in construction cost___________________ $3,134,000 $1,258,000
Increase in annual cost:

Interest and amortization_ _________ _______ 145, 893 58, 545
Operation and maintenance
Depreciation__ .., 1,355 529
Total_________________________________ 147,248 59,074

Increase in annual power output, kilowatt-hours__ 269, 000, 000 I 79, 000, 000
Cost per kilo"ratt-hour for the increased output__ I 0.00055 . 0.00076

I
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The .above table indicates a fast-mounting cost for the .increased
energy obtainable with a raise in height of dam, but with such costs
still well below. the. cost with the 550-foot or 557-foot dam, .even
though the height be increased to 582 feet.

At the head of the Boulder CanyonReservoir lies the BridgeCanyon
dam site, considered the most desirable of the sites on that section of
the river. River level there is at elevation 1,207 feet,with 10,000
second-feet· flowing.
The extent .of interference by Boulder Canyon is presented .in the

following.· ta,ble :

'The selling price of falling' water has tentatively been announced
at 1.63 mills per lrilowatt-hour of firm power.. Estimates have been
made on the saIne .basis, .·of .the increase ·in construction and annual
costs occasioned by raising the dam. These costs 11avebeencom-
pared with the increase in output, in the following table:
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{:ttl 130ulder Canyon' ,vould be concurrent with a lo",r discharge at
:Ilridge Canyon. /
Stream-flow conditions at Bridge Canyon resemble conditions at

:llright Angel more nearly than at other stations and at that station
t:;ll.ore is a rise of 25 feet in water level for a discllarge of 150,000 second-
feet. The still-water level with a full reservoir for a 582-foot dam
\\Tould then roughly equal the level obtaining at present with a flood
of 150,000 second-feet.
With the 575-foot and 582-foot dams there ,vould be a back\vater

effect \vhenever the reservoir ",'ould be full. With very lligh floods
'(this effect might amount to as much as 3 feet for the 575-foot dam,
alld as high as 8 feet for the 582-foot dam.
From the standpoint of power production at Bridge Canyon t.here

'\vould then be a material, though minor reduction in power output
,vith a 575-foot dam at Boulder Canyon, increasing rapidly witll
higher dums. From tIle standpoint of design, ,to care for flood levels,
the Bridge Canyon po",rer site would not be greatly affected with
heights of dam at Boulder Canyon up to 582 feet.

CONCLUSIONS

1. For adequate flood control a capacity of 9,500,000 acre...feet
sllould be reserved under 1938 conditions of upstream development
(ieclining to 4,000,000 acre-feet in the 50-year repayment period to
1988.
, 2. Firm power output obtainable upon completion of Boulder
Canyon Dam in 1938, with a 10 per cent reduction on aecount of un...
certainties in available base data, would be as follows:

Raise in Elevation of Continuouswater level water surface output Annual output
(feet)

Horsepower I<ilowatt-hours
557 1,204 11,207 " 547,000 3,600,000,000
575 1, 222 1, 225 585,000 3,800,000,000
582 1,229 1,232 597,000 3,900,000,000

1 Same dam as reported by Colorado River Board, with freeboard 'reduced 7 feet, raising water level
accordingly.

It is estimated that these outputs can be maintained throughout the
repayment period, particularly if other power dams are constructed
along Colorado River.
3. Large amounts of dump power can be produced in seasons of

high run-off without encroaching on flood control, irrigation, or the
production of firm· power. The cost and market for this power are
so uncertain that no income should now be counted on from tllis
source.
4..Raising the dam reduces th,e average cost of firm power output:>

There are indications, however, that this will not hold true for heights
much beyond 582 feet.
5. For Boulder Canyon dams up to 575 feet, the power value of

Bridge Canyon dam site would be affected but little and construction
cost at Bridge Canyon would not be appreciably increased. For
greater heights interference progresses steadily.

E. B.


