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At the last Bear River Compact Commission meeting on September
28-29, 1954, the Commission requested the Bureau of Reclamation to
gtudy the effects of additional water storage upstream from Stewart
Dam as based upon three hypothetlcal quantities of storage that wmight
pe allowed, as a maximum, in any one year. The three storage quantities
gpecified were 20,000 acre-feet, 30,000 acre-feet and 40,000 acre-feet.
The study has been made, and the results are given in this report.

This report gives the estimated effects of additional upstrean

storage (upstream from Bear Iake) upon water uses both above Bear
Iake and below Bear Iake. The information is given in summary form
in tables and graphs. The detailed calculations and reservoir
operation studies upon which the summary tables and graphs are based
are In the files of the Bureau of Reclamation, These may be examined
by the Compact Commissioners or other interested persons.,

Studies of Storage Above Stewart Dam

The potential storage sites upstream from Bear Iake, including
those on tributaries, are rather numerous., Consequently, a large
number of storage combinations would be possible, particularly within
the larger storage allowances that were specified. It is doubtful
that any of the various storage sites have been studied in sufficient
detail to establish with accuracy the economic limit of development

for each, Certainly, all of the sites have not been studied gufficiently

- to determine the best combination of sites that could be developed,

]

A Including a selection of the reservoirs and their individual capacities

', that would comprise the best over-all development .,
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Within the short time that has elapesed since the last meeting
no attempt has been made to study in detail any individual storage
gites, or to arrive at any conclusions concerning the best combination
of sites. It has been deemed p?acticable, instead, for the purposes
specified by the Commission, to group the sites into two main categories,
and thus to simplify the studies without introducing any substantial
error in estimating the effects of additional storage above Stewart Dan,
Sach grouping probably minimizes the over-all margin of error to the
extent that errors on individual sltes are offset or averaged out by
errors on other sites within the group.

The first reservoir group, or Group 1, includes the Woodruff
Narrows site on the Bear River main stem and also includes any combina-
tion of sites on tributary streams upstream from Woodruff Narrows.
This grouping is appropriate because of the availability of the Woodruff
Narrows stream flow record for determining the combined water supplies
storable at Woodruff Narrows and the upstream tributary sites, Different
combinations of Voodruff Narrows storage and the various upstream
tributary developments probably would have no appreciable effect on
the over-all storage supply for the group.

The other group, Group 2, includes storage sites on tributary

streams downstream from Woodruff Narrows. These sites are on Woodruff

§ Creck, Big Creek, Randolph Creek, and Twin Creek. Storage sites exist

; on some of the other tributarics below Woodruff Narrows, but these were
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excluded from the study because previous Compact studies by the V'

Geological Survey indicate that there are no requirements for supple-

PR

mental water in the areas under these sites. Stream flow records either
are not available or are insufficient to permit accurate determinations
' of storable flows at most of the Group 2 sites. A fairly good stream

% flow record, however, is available for the largest site (Woodruff Creek)
.; and since the other sites are small the storage operation studies of

the Group 2 reservoirs probably are not greatly in error,

In making the storage studies for the three different storage
allowances, the same rules of operation were applied to each group of
reservoirs. In the three studies the maximum inflows to storage
permitted in any one year were 20,000 acre-feet, 30,000 acre-feet, and
40,000 acre-feet for both groups of reservoirs, All studies were based
on gtream flows for the 1924-1954 period. In instances when findings
for the 19241943 period appeared desirable, such findings were
extracted from the 1924-1948 portions of the 192L-1954 studies.

In accordance with Article V of the July 8, 195k, draft of
compact, storage operations were not permitted to interfere with direct

flow righte or existing storage rights above Stewart Dam, Inasmuch

3 28 storage operations of existing reservoirs are reflected in the stream

k flow records used in the studies, interference with existing storage

ﬁirights was automatically eliminated, It vas assumed for the October 1-

% April 30 nonirrigation season that additional storage would not inter-

2
§ﬁfere with direct flow rights above Stewart Dam, During the May 1-
i




geptember 30 irrigation season, storage was perumitted only to extent
of flows in excess of TOO gecond-feet as measured in Bear River at
the Border gaging station,

Technically, this 700 second-foot flow limitation at Border is
not a direct indication of the upstream flows that could be stored
withovt interfering with existing direct flow righte. According to
previous studies of Mr. Iorns and Mr. Jibson, however, it can be used
generally without inducing appreciable error. As in previous reports
by Mr. Iorns, Mr. Jibson, and the Engineering Committee of the Compact
Commission, the 700 second-foot limitation was used in the studies
forming a basis for this report, in order to avoid a very large amount
of detailed streawmflow and diversion calculations on a daily basis.

Releases from storage were made in accordance with supplemental
storage requirements of irrigated lands above Stewart Dam, as estimated
hy Mr, Jibson, Mr, Jibson's estimates of the supplemental storage
requirements were for the May l-July 15 period and were based on

water regulation (direct flows) as prdvided by the July 8, 1954, draft

g or compact, rather than on past river operations, In the form

furnished by Mr. Jibson, the estimated supplemental requirements

represent the requirements as measured at the storage sike, rather

f than the aggregate supplemental requirements as measured at the points
iﬁOf diversion of the various canals. The difference between the aggregate
\ﬁsupplemental requirements and the supplemental requirement at the

:;storage site would be that portion of return flow that could be



i recovered from a release from storage and be reused within the area
participating in the storage development. The supplemental require- L <

wents on storage, as estimated by Mr., Jibson, are as follows: J L "
R 4 . L
' s /': . { -
SUPPLEMENTAL REQUIREMENTS ON STORAGE (Acre-feet) i+ ° 7> 7
Froon (g 19§75 Syppnvegdata ropdt 29 {\r s i/' S
Storage on main Storage on S¢¢ Pf{//"; ;\,'(0‘ ol L A
Water stem and tributaries tributaries below <0 ( )‘"lla .
yeai above I-Ioodiuff Narrows Woodruff Narrows Total ~.p" v
192 32,400 — - 3,300 41,700 . --¢
25 102800 *'5*"/;)‘.&."((«@‘ 31700 1l+:goo ”(Q R
26 26,500 —  F\( "6 8,000 34,500 V5.4
o7 10,400 < ~7 ¢ 3,400 13,800 (4 .
28 21,200 - 6,600 27,800 "
1929 4,500 </ - 1,600 6,500 , ‘,
30 23,300 - 6,800 30,100 }° 7
31 66,400 - 20,300 86,700 - M7
32 8,600 -+ 2,600 11,200 <
33 23,100 - 6,800 29,900
193k 9k, 600 . 27,700 122,300
32 16,300 » > ° 5,000 21,300
3 21,600 - 6,600 28,200
38 157100 - - or 2071400
) I , 20,400
1939 49,100 - - 13,200 62,300
1.0 52,000 - ) 17,200 69,200
l:-:gt 11,000 + ¢ 12,900 23,900
S o wm g
’ ’ 15,800
1931; 3,600 + - | 8,100 11,700
- 14,2 5,700 #2 2 6,600 12,300
; 27,700 - 8,600 36,300
1;5 4,900 » 2,500 7,400
30,400 - 8,900 39,300
Average, 192L-48 24,L00 8,600 33,000
1949 5,300 " 2,000
’ 7,300
‘gg 1,100 —- 100 1:200
% ?,63388 200 6,300
c *y - 00 4,900
gﬁ 10,800 » =~ 5,400 16,200
2,700 - 11,500 6h,200
Average, 192L-5h 22,390 7,600 29,900
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In addition to the provigions of the July 8, 1954, draft of
compact, one other factor could influence the effects of additionel
storage above Stewart Dam. This is the reservoir capacities that
might be developed for holdover storage. The compact draft includes
no restrictions on reservolr capacities. The estimated supplemental
requirements on storage vary considerably from year to year., In some
years the egtimated supplemental requirements are substantially less
than the quantity of water available for storage, even under a storage
allowance as low as 20,000 acre-feet, In years when the supplemental
requirements would not be sufficient to require release of all water
in storage, some storage could be held over for use during the following
year or years when the supplemental requirements would be greater than
the annual storage allowance, assuming of course that holdover capacity
(capacity in excess of the annual storage al;pwance) would be provided.
Since the average annual storage and use of water would be greater
with holdover storage than without, and since the compact draft
included no restrictions on holdover storage capecity, it waes necessary
to select capacities for the two groups of reservoirs before proceeding
with the storage operation studies.

As a guide for selection of reservoir capacities for use in the
storage studies, the reservoir yields (within the estimated supple -
mental requirements) for each reservoir group were compared with the
reservoir capacities required to obtain such ylelds. Separate compari-
Bons were made for the different conditions imposed by the three storage

&llowances (20,000 acre-feet, 30,000 acre-feet, and 40,000 acre-feet )

N



i specified for the study. To facilitate the comparisons, reservoir
Capacity-yield diagrams were prepared. These diagrams are reproduc.d
on pageé Qh, 25, and 26 of this report., Estimated evaporation losses
are reflected in the dlagrams.

The reservoir capacity-yield diagram on page 24 is based on

an annual storage allowance of a maximum of 20,000 acre-feet. If all
of the Group 1 and Group 2 resgervoirs were allowed to participate in
a 20,000 acre-foot storage allowance, development of the best large
atorage slte (Woodruff Narrows) probably would be precluded. In this
event the entire storage allowance could not be used, at least to best
advantage., Consequently, the reservoir capacity-yield diagram for
a 20,000 acre-foot storage allowance 1s based on the assuumption
that the entire allowance would be used at the Group 1 reservoirs at
{loodruff Narrows and on the upstream tributaries., The reservoir
capacity~-yield diagrams on pages 25 and 26 for annual storage
allowances of 30,000 acre-feet and 40,000 acre-feet respectively,
are based on the agsumption that the storage allowances would be used
in a combination of the Group 1 and Group 2 reservoirs.

From the capacity-yield diagram for the 20,000 acre-foot storage
allowance (page 24) it can be seen that the first 5,000 acre-feet
of capacity in the Group 1 reservoirs would yield about 4,700 acre-feet
8nnually, or nearly 1 acre-foot for each acre-foot of capacity. The
next 5,000 acre-feet of capacity (between 5,000 ang 10,000 acre-feet )
would yield 4,100 acre-feet anmally, or 0,82 acre-foot for each acre-

foot of capacity. The next 5,000 acre-feet of capacity (between 10,000
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and 15,000 acre-feet) would yield 3,400 acre-feet annually, or 0.68 acre-
foot for each acre-foot of capacity. The next 5,000 acre-feet of
capacity (between 15,000 and 20,000 acre-feet ) would yield 2,500 acre-
feet annually, or 0.5 acre-feet for each acre-foot of capacity.
Reservoir capacities in excess of 20,000 acre-feet would have even a

smaller rate of yield,

The low rate of yield for capacities in excess of 20,000 acre-feet

justifies the adoption of a 20,000 acre-foot storage capacity for a
20,000 acre-foot storage allowance for the studies of the storage
effects. This does not suggest that a compact limitation be placed

on storage capacity. It means only that a 20,000 acre-foot capacity

is ressonable for the study. Even if a much larger capacity were used
for the study, this would result in only a slight increase in reservoir
yield and an even smaller increase in depletion of the water supply
storable in Bear lLake. Comnsequently, a 20,000 acre-foot reservoir
capacity was adopted for the study of the 20,000 acre-foot storage
allowance,

Not because it would assist greatly in selecting reservoir
capacities for use of the storage studies, but mainly out of curiosity,
& study was made of the relationship between estimated reservoir
development costs and reservoir yields for the Woodruff Narrows Reser-
voir, Because of the low-cost storage at this site and the fact that
the reservoir capacity would increase very rapidly for each foot of
dam height, and for each dollar invested in construction, it appeared

t conceivable that a large amount of holdover capacity might be justified.




The exceptionally good cost-capacity relationship is illustrated by
the diagram on page 27. Using the cost-capacity diagram on page 27
and the capacity-yield diagram on page 2L, a cost-yleld diagram

was prepared, as shown on page 28, As indicated by the cost-yield

diagram and the capacity-yield diagram, the most favorable investment

in a Woodruff Narrows Reservoir, on the basis of a 20,000 acre-foot
gtorage allowance, would be one that would yield about 15,000 acre-
feet annually and have a capacity of slightly more than 20,000 acre-
feet. Although not intended to assist in a selection of the reservoir
capacity for use in the storage study, the diagrams explained above
tend to substantiate the selection of a 20,000 acre~foot capacity for
the 20,000 acre-foot storage allowance study.

From the capacity-yield diagram for the 32égggzacre-foot storage
allowance (page 25) it can be seen that the Group 2 reservoirs would
yield 0.5 acre-foot or more for each acre-~foot of capecity, up to a
total capacity of about 7,000 acre-feet., Capacities in excess of
7,000 acre-feet would have a very low rate of yield. The Group 1
reservolrs would yield 0.5 acre-foot or more for each acre-foot of
capacity, up to a total capacity of nearly 20,000 acre-feet, Capacities
in excess of 20,000 acre-fest would have & low rate of yield. Despite
the low rates of yield for capacities in excess of 7,000 and 20,000
acr?ffeet, %;7,586jacre-foot c§ggsgfy for the Group 2 reservoirs and a

\??;?deacre-foot capacity for thé Group 1 reservoirs were gelected for
the 30,000 acre-foot storage allowance study in order to permit full

use of the storage allowance.
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The coneciir -ield Jdarprait ron the 10,000 ecre-Toot stoiale

allowvance (mese 20) includes the same curve for the Group 2

reservoirs as is shown on the diagram for the 30,000 acre-foot storage
allowance. This is because the Group 2 curve in both instances is
vaged on substantially complete development of the water resources

of the tributary streams below Woodruff Narrows. The group 1 curve
Tor the ho;OOO acre-foot storage allowance rises to a somewhat higher
level than the corresponding curve for the 30,000 ascre-foot storage
allowance because more water could be developed with the larger
storage allowance.

Although the Group 1 reservoir capacity-yield curve on the

EQLSQQ acre-foot storage allowance disgram rises somewhat higher than
‘the corresponding curve on the 30,000 acre-foot diagram, both curves
are substantially the same for capacities less than 25,000 acre-feet,
Only for caracities over 25,000 acre-feet does the curve for the 40,000
acre-foot storage allowance rise above that for the 30,000 acre-foot
storage allowance. This means that for both storage allowances the
rates of yield are good to fair for total reservoir capacities up to
25,000 acre-feet. The 10,000 acre-foot storage allowance would

bermit somewhat larger yields than the 30,000 acre-foot storage alloww
ance for total reservoir capacities over 25,000 acre-feet, but for such
capacities the rates of yield for the 40,000 acre-foot storage allow-
ance would not be much higher than those for the 30,000 acre-foot

: - allowance,

ES?_the 10,000 acre-foot storage allowance study, a total capacity

°f\7,500 acre-feet was selected for the Group 2 reservoirs, the same

88 that uged for the 30,000 acre-foot storage allowance study. Despite
10
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the 1low rate of yield for capacities in excess of 25,000 acre-feet,
a 32,500 acre-foot capacity for the Group 1l reservoirs was selgcted
for the 40,000 acre-foot storage allowance study in order to permit
full use of the storage allowance.

Using the selected reservoir capacities, annual operation studies
wers made for the three storage allowances (20,000, 30,000, and 40,000
acre-feet ). To the extent possible under each storage allowance,
reservoir releases were made in accordance with the estimated annual
supplemental requirements on storage. As indicated by these operation
etudies; the extent to which storage in both the Group 1 and Group 2
reservoirs would improve the water supply and eliminate water shortages
upstream from Stewart Dam is summarized in the tables on pages 12,
13, and 1k. These tables show for each of the three storage allowances
| that were studied (1) the annual reservoir releases that could be made,
(2) the estimated usable return flow that could be recovered from the
storage releases, and (3) thé estimated total water supply that would
be made available in the area. The usable return flows listed in the
tables were taken from the diagram shown on page 29. The diagranm is
based on judgment derived from such strean flow, diversion, and con-
sumptive use data as have been collected in the area involved, and also
In other similar Western areas. The estimated aggregate supplemental
requirements of the area, including that portion of the requirements
f‘that would be met by return flow from storage releases, also are listed
3,in the tables to show by comparison how effective the storage supplies

§¥ould be in relieving water shortages. The same information is shown

11




graphically by the diagram on page 30. The diagram on page 31
represents a final summary estimate of the improvement in water supplies

for the ares above Stewart Dam with the three different storage allowances.

ESTIMATED SUPPLEMENTAL WATER SUPPLY AVAIIABLE FROM 20,000 ACRE-FEET
STCRAGE ALLOWANCE (Acre-feet)

Estimated supplemsntal supply

Total Direct Usable
Water supplemental storage return

ar requirement releasges flow Total
31!9212 ~ 15,700 19,200 2,800 23,000

25 16,600 10,800 1,500 12,300

26 38,500 19,200 2,800 22,000

27 15,700 10,400 1,k00 11,800

28 31,500 19,200 2,800 22,000

1929 7,300 }4;900 1,000 5,900

30 34,000 19,200 2,800 22,000

31 90,700 19,200 2,800 22,000

| 32 12,800 8,600 1,200 9,800

] 33 33,800 19,200 2,800 22,000

1934 126,300 19,200 2,800 22,000

: 35 24,300 16,300 2,300 18,600

{ 36 31,900 19,200 2,800 22,000

! 37 34,000 119,200 2,800 22,000

38 23,300 15,100 2,100 17,200

1939 66,300 19,200 2,800 22,000

40 73,200 19,200 2,800 22,000

b1 27,300 11,000 1,500 12,500

ke , 32,000 17,300 2,500 19,800

' 8 18,000 10,400 1,500 11,800

. 1944 13,300 3,600 %00 L, 000

B ‘1:5 14,000 5,700 700 6,100

: 1r6( ug,ﬁgg 12,200 2,200 22,000

L B y ,900 00 5,500

_‘h8 43,300 19,200\ 2,800 221000

Average, 192L.48 36,100 14,700 2,100 16,800

i 19‘;% _ 8,300 5,300 600 5,900

g 1,300 1,100 100 1,200

% 7,000 5,800 700 6,500

e 8’500 4,300 500 4,800

%5, 18,500 10,800 - 1,500 12,300

B 68,200 19,200 2,800 22,000

Tage, 1924-54 32,600 13,400 1,900 15,300
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ESTIMATED SUPPLEMENTAL VWATTR SUPPLY AVAILAB
STORAGE ALLOWANCE (Acr

Average, 192k.1948

1949
50

AVerage, 192k-195)

Total

supplemental
requirement

45,7700
16,600
38,500
15,700
31,500
7,300
34,000
90,700
12,800
33,800
126,300
24,300
31,900
34,000
23,300
66,300
73,200
27,300
32,000
18,000
13,300
14,000
40,300
8,400
43,300

36,100

- 8,300
1,300
7,000
55500

18,500

68,200

32,600

Istimated supplement.

LE FROM 30,0
e -feet )

Direct Usable
storage return
releases flow
28,700 3,800
14,500 2,100
28,700 3,800
13,800 1,900
27,800 3,700
6,500 800
28,400 3,700
28,000 3,700
11,200 1,600
28,400 3,700
28,300 3,700
21,300 3,000
28,200 3,700
28,700 3,800
20,400 2,900
28,700 3,800
28,700 3,800
16,100 2,300
24,400 3,400
15,800 2,200
10,700 1,500
12,300 1,700
28,700 3,800
7,400 1,000
28,700 3,800
21,800 2,900
7,300 1,000
1,200 100
6,300 700
4,900 600
16,200 2,300
24,600 3,500
19,500 2,600




ESTIMATED SUPPLEMENTAL WATER SUPPLY AVATIABLE FROM
STORAGE ALLOWANCE (Acre-Tee:

Water
year
152%
25
26
.27
28
1929
30
31
32
33
1934
35
36
37
38
1939
Lo
41
ko
43
194k
ks
L6
L7
48

ri} Average, 1924.48

Total

supplemental

requirement

45,700
16,600
38,500
15,700
31,500
7,300
34,000
90,700
12,800
33,800
126,300
2k,300
31,900
34,000
23,300
66,300
73,200
27,300
32,000
18,000
13,300
14,000
40,300
8,400
43,300

36,100

8,300
1,300
7,000
5,500
18,500
68,200

32,600

Estimateq suppl.

Direct
8torage
releases

38,300

14,500
33,600
13,800
27,800

6,500
30,100
37,600
11,200
29,900
37,900
21,300
28,200
29,800
20,400
38,300
29,200
16,100
24,400
15,800
10,700
12,300
34,800

7,200
37,500

2,300

7,300
1,200
6,300
4,900
16,200
38,300

22,000

U
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Depletion in Water Supply Storable in Bear Take
Following the previously described studies of the supplement:
water supplies that could be provided by development under the thix
storage allowances, estimates were made of the resultant depletion
water supply storable in Bear Iake., The following table shows (1)
supply storable in Bear lake under present conditions and (2) the es

mated depletions in the supply that would result from storage develo:

went above Stewart Dam under the three different storage allowances.
The depletioms listed in the table were derived from storage opera-

tion data and the return flow diagram on page 29.
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WATER SUPPLIES STORABLE IN BEAR IAKE WITH AND WITHOUT ADDITIONAL
STORAGE ABOVE STEWART DAM

> —

.

(o . ~
1;?\V S Vater supply  Estimated depletions resulting from storare
Y v’ storable in development above Stewart Dem (Acre-fect)
R Bear lake 20,000 30,000 0, 000
43 ‘e o under present . acre-foot acre-foot acre~foot
Water ° _ . conditions ./ storage storage storage
ear .7 i . (Acre-feet ). " allowance allowance allowance
1% avkeos 197500 00 39100
o s P 5 »100
26 ap i 157,100 9,700 10,800 8,400
2g QVJ\O’ 289,100 19,600 29,200 34,500
2 o \& 383,800 9,300 10,300 10,700
30", wﬁ:\‘ﬁ 206,100 3,800 2,900, 2,500
31 9k , 700 18,100 24,200 | . 21,200
32 279,800 19,700 29,500 | -~ 39,400
33 176,600 7,500 7,600 ;. . e 7,200
1934 27,800 18,100 24,500 | . .20,900
35 89,800 18,900 27,700 1 (31,800
k- 36 394,400 15,200 17,800 55" 24,100
ﬁ y 37 333,300 16,100 24,500 24,200
B 38 338,600 19,000 28,000 29,500
é“iv 1939 188,700 14,000 16,700 11,400
~ a‘ ¢ 40 36,100 18,100 25,000 25,700
ik by 78,500 19,400 26,900 36,900
42 223,600 10,400 16,300 16,600
43 357,000 17,600 24,600 25,000
1944 284,200 11,100 16,600 17,000
45 202,900 4,300 11,400 11,800
L6 hh1,600 4,600 8,600 5,700
Zg gﬁg,ggg 19,300 29,800 36,300
’ 3,800 3,700 -900
. Average, 1924-48 254,400 14,300 20, 000 21,500
1949 2k3, 000 19,900 29,300 38,900
gg ,ESE,QQQ\ Q'ﬂ,;, 6,100 8,600 9;ooo
(M8k,900/ 7.1t 1 700 2,300 2,400
gg 536,500 6,;00 7,500 7,900
195 174,600 L ,600 4,900 5,400
97,600 9,700 12,400 7,200
_ R
i,AVeragef 192Lk-58" 273,800 13,100 18,200 ° 19,600
— . ‘,1. 7
ST R - RGP
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As shown in the rreceding table the annual water supply storable
in Bear lake averaged 273,800 acre-feet for the 1924 -5k period. As
vased on previous flow segregation studies of Mr. Iorns, Mr. Jibson,
and the Engineering Committee, the 1924-1954 storable supply was used
as follows., On the average, 92,700 acre-feet annually was used for
irrigation below Bear Iake to supplement the available natural flow
pupplies. The same 92,700 acre-feet was used for power as the water
flowed down Bear River enroute to the irrigation diversions. On the
average, MO acre~-feet of Bear lake water annually was used solely

for power during the 192k-5h period, and ressed the Cutler power plant

P A

v
//,_7 ’ d/{;«x(f :
into Great Salt Iake. ﬁbout@800 acre-feet annual’;ly of the 1145, 500

- Vs - ,‘ - /17@/ s 2T

acre-feet was obtained from Bear Lake drawdown... Affé?'gllowance for

this drawdown, the storable inflow to Bear Iake was sufficglent to w0
o ~,,m. Feans Ny

provide &an average annual supply of @26 , 700 acre-feet solely for power.
This was over and above the 92,700 acre-feet used for both irrigation
and power. The remaining 54,400 acre-feet could not be accounted for

in summing up the records of river flows, lake inflows, lake outflows,

and diversions, and presumably was lost mainly by evaporation and

. T =7 K
71":‘” a’;»’f-ﬂh@ €7 S
transpiration in Bear Lake and Mud Iake. The above water supplies

Provided by ‘Ehe storable inflows to Bear Iake are illustrated by
the diagram on page 32,

A depletion in vater supply storable in Bear Lake definitely
vould result in & corresponding gecrease in water supply available
from Bear Iake storage. Fron the preceding explanation, however,

including the diagram on pege 32 » 1t can be seen that none of the

17
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depletions listed in the table on page 15 would cause any decrease
in the Bear lake storage supply for irrigation and other consump.ive
uses below Bear Iake. This is true because the average storable inflow
to Bear lake, after storage 1s developed above Stewart Dam, will remain
more than large enough to meet the irrigation and other consumptive
- requirements below Bear Iake, and because the storage facilities at
$ Bear Iake can completely regulate the high river flows in wet years
: for use in dry periods that occur years later.
One single circumstance determines whether irrigation and other |
consumptive requirements below Bear Iake will be met by Beér Lake g
{ storage., This is not storage above Stewart Dam, or the resultant 1»
g,depletion in storable inflow to Bear Lake, but is the extent to which

Bear Iske is operated solely for power. This would be true after g W

develomment of additional storage above Stewart Dam, but no more so |

$than is true for present conditions. Development of additional storage !
‘ i

§ above Stewart Dam would not change this fundamental fact. t

Bear Iake Irrigation Reserve i

If additional storage were developed above Stewart Dem and the

!
irrigation interests below Bear Iake were to be assured of no decrease ;;%j
|

1in water supply a8 a result thersof, some adjustment in the operation U
jof Bear Iake solely for power would have to be made to allow for the

jdepletion in storable supply. The provision for the Bear lake irrigation {

freserve, as included in the draft of compact, is intended as a means of

jinsuring that such adjustment in storage operations would be made.

i

§The provision for the irrigation reserve means simply that water




¢ could be released from Bear lake solely for power only when the lake
level was in excess of a certain elevation, as yet unﬁpecified in the
compact draft. The volume of water in lake storage below that certain
elevaﬁion would constitute the reserve and could be released only for
irrisation and other consumptive uses, including incidental use for
power as the water flowed down Bear River enroute to points of diver-
sion.

The size of the reserve, and its controlling lake elevation, Ezﬁ

i‘ required to assure the irrigation interests of no decrease in past :

. water supply can be established rather simply. It is necessary only

|
| to compute the maximum net draft on Bear lake for irrigation and other jw'”
consunmptive uses that ever occurred, and to add & small safety factor .

§ to allow for such quantities of water that might be released from

§ Bear lake for irrigation use but which might actually be passed by | 3ﬁi

Q@ points of diversion and be used for power as & result of rainstorms or ‘

'ﬁ}other unpredictable occurrences. In the above explanation the term ) ;

' "net draft on Bear Iake for irrigation” means the amount by which the

;irrigation releage exceeds the storable inflow minus lake losses,

fm inly evaporation and transpiration,

!
The maximum net draft on Bear lake for irrigation occurred during % W
oo
ithe May 21, 1930-September 30, 1935, period. The met irrigation draft (-

§iwring this period amounted to 860,300 acre-feet. During the same !

| See 4|
period, the storable inflow was 668,700 acre-feet and lake losses were Yoot |
rFoge— L
1h85,000 acre-feet. After deducting the lake -losses, the lake inflow iw

gpcre-feet. Since 860,300 acre-feet was required for irrigation and "5{

e
i e o




only 183,700 acre-feet was available from net inflow to the lake, the
‘remaining 676,600 acre-feet constituted an irrigation requirement on
: hold—ovef storage in the lake. For present conditions and without a
é safety factor, this figure would be equivalent to the lake reserve
% required to assure irrigation interests below the lake that their future
%Bear lake supplies would not be less than those available in the past.

L A safety factor (as mentioned previously) of 5,000 acre-feet annually

§ for the 6-year period is coneidered sufficient, and when added to the

e —

706,69é>gcre-feet, as

e

o

A_/ I

. e Hrord
! ;

Additional storage abave Stewart Dam would deplete the storable i

§ 676,600 acre-feet establishes the reserve at

1;required for present conditions.

| inflow to Bear Iake, and thus would increase somewhat the holdover

'atorage, or the irrigation ressrve, required for water supply assurance

|
. |

[to the irrigation interests below Bear lake. The necessary increase
the reserve to allow for additional storage developument above

Ptewart Dam also can be determined readily. It is necessary only i

{o add the 1931-1935 depletione resulting from any given storage !3{”

gPevelopment to the 706,600 acre-foot reserve required under present

i s

gonditions. The 1930 depletion should not be added since it would |

gccur prior to the May 21, 1930-September 30, 1935, period of maximum

t irrigation draft on Bear Iake. The necessary increase in the .

|
eserve to allow for storage development above Stewart Dam under a ‘
; |
b0, 000 acre-foot storage allowance is determined as follows. In the
@bie on page 16 in the column for the 30,000 acre~foot storage

llowance, the estimated depletions are listed as 2Lk ,200, 29,500,
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7,600, 24,500, and 27,700 acre-feet for the 5 years in the 1931-1935
period, The total estimated depletion for the period is 113,5C0 acre-

feet. This is the necessary increase in the reserve for development

R

under 5/30,000 cre-foot storage allowance. The total reserve necessary
‘\‘»»—.—‘_/ .*\\\/«“4._._\4\___ — ,;v.'m\

for such development thus would b ”8%0,]_.90/’acre ~-feet (706,600 plus

113,500). Using the 1931-1935 deplet;ibns listed in the 20,000 acre-
‘J. foot and 40,000 acre-foot storage allowance columns, the necessary . e
§ increases in the reserve for development under these storage allowances o
4 are determined as 82,300 acre-feet and 120,500 acre-feet, respectively. ' o

The total reserves necessary for development under the 20,000 acre-

3 /_\_\ :
- foot a.nd‘\lL0,00;))icie-—f;oot storage allowances thus would be 788,900 i
S~ i

T

~

/ i
i acre-feet andi827,100 dcre-feet, respectively (706,600 plus 82,300
] \'\J ‘ q
- and 706,600 plus 120,500), The Bear lake Irrigation reserves required {likie:
' for development under different allowances for storage above Stewart iy
. Dam are summarized in the following tables and on the diagrams on

jpagee33 and 34 The corresponding lake surface elevations also are 7 g

‘5 shown 1n the table and diagram, £

fBEAR LAKE JRRIGATION RESERVE REQUIRED TO ASSURE IRRIGATION INTERESTS
1 BELOW BEAR TAKE OF NO DECREASE IN WATER SUPPLY

L Anmual allowance for Bear Iake Irrigation Reserve b

additional storage ’ Lake surface S
iabove Stewart Dam Capacity elevation ‘ ‘

(Acre-feet ) (Acre-feet ) . (Feet) ke 198

0 706,600 ’ 5,913 29 :7?/2'7/ :

20,000 . 788,900 O 5,014.52 - sasy.

30,000 - - - 820,100 5,914.99- 57,57 . &/ ;

40,000 e .- 827,100 5,915.09 - 57,4, 72

{




Effect of Storage Development Above Stewart Dam
on Power Production

If Bear lake storage were operated in accordance with the

i _irrigation reserve, which would insure the irrigation interests using

h Bear lLake water of no decrease in water supply, the depletion in Bear
lake storage supply resulting from additional storage develspment above
Stewart Dam would constitute a decrease in Bear Lake water supply
available for power production. The estimated decrease in water supply
for power ppoduction that would occur following storage development

. gbove Stewart Dam under 20,000, 30,000, and 40,000 acre-foot storage
allowances are equivalent to the corresponding depletions listed In

f the table on page 16. As based on the 1924-1954 period, the average

- annual decreases in water'supply for power are estimated at 13,100,

b 18,200, and 19,600 acre-feet, respectively, for the three storage

' allowances, The Bear Lake water supplies available for power under

| present conditions (average for the 1924-1954 period) and the estimated

| decreases that would result from additional storage development under

lthe three storage allowances are shown in the following table and on

| ithe diagram on page 36,

BEAR LAKE WATHER SUPPLIES AVAILABLE FOR POWER
(Average annual, based on 1924-1954 period)

g Bear lake water supplies
favailable for power,
 present conditions (Acre-feet)

Estimated depletions from
storage development above
Stewart Dam (Acre-feet)

Irrigation 20,000 30,000 40,000
releasges Releases acre-foot acre-foot acre-foot

. usable solely storage storage storage

for power for power Total allowance allowance allowance
32,700 126,700 219,400 13,100 13,200 19,600

[ (Water supplies shown in table include only those cbtainable from Bear
lake. Supplies originating below Bear lake are not included.)




Summary
) This report gives the probable effects of storage development

above Stewart Dam under three storage allowances (20,000 acre-feet,
30,000 acre-feet, and 40,000 acre-feet) as based on supplemental water
requirements within the May 1l-July 15 period as estimated by Mr., Jibson,
These effects include (1) the improvement in water supply for supplemental
irrigation above Stewart Dem, (2) the depletion in water supply storable 4 i
in Bear lake and the corresponding decrease in water supply obtainable
{ from Bear Iake, (3) the Bear lake irrigation reserve that would be
required to assure all irrigation interests using Bear Lake water of 3!?
the same supply that they have had in the past, and () the decrease
§ in Bear Iake Water supply available for power production that woulgd
§ occur if Bear Iake were operated in accordance with the Bear Ilake \
irrigation reserve. This information, in the order mentioned above, |
- is summarized in the diagram on page 31, the table on page 16, the 1|

diagrams on pages 33 and 34, and the diagram on page 35.

23
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PAST USE OF WATER SUPPLIES o P

LE IN BEAR LAKE N oo
= o

Storage
losses Used for
54,400 aore-feet| irrigation and

19.9 perocent also for power
92,700 acre-feet
33.8 percent

Faeete

2
// j

Used solely

for pow er
126,700 screé-feet
46.3 percent

s

A\

w7
)/

1924-1954 peri P
Averageannual supply, 75 892ijire-feet (;’°> ;izp Ef
C:%; , ¢ Ry S

,F,
oc-»L/ - end Jﬂ. bt?%#l. Jer I}/!. Y Lea

d-' ‘4{..»(

[

Storage
losses Used for

59,700 sore~feet |irrigation and
23.5 percent also for power
100,000 acre-feet
39.3 percent

Used solely
for power
94,700 acre~feet
-37.2 percent

1924-1948 period
Average annual supply 254,400 acre-feet
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