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FOREWORD

Additional storage upstream from Bear Lake is one of the

major issues facing the negotiators of a compact dividing the

waters of Bear River between the states of Idaho, Utah, and Wyo-

mingo Water users above the lake have insisted they are entitled

to an equitable share of the storable waters of the river system.

On the other hand, water users below Bear Lake mainta,tn there are

no storable waters available for new storage above the lake in

excess of present rights and uses.

The question involved has broad aspects of both legal and

engineering character. Those charged with the solution of the

question, in order to reach an equitable answer, must need have

a thorough knowledge of all facts pertaining thereto.

The purPOse of this report is to present data on the adequacy

of available storable supplies at various storage sites above Bear

Lake. The presentation of this data has involved a study of up-

stream storage operations under prescribed conditions ~ch are

fully set forth in the report.



POTE1H'IAL SroRAGE RESERVOIR SITES ABOVE BEAR LAKE

the Bureau of Reclamation has made preliminary surveys and cost esti-

mates for a number of potential storage sites in the Bear River Basin. above

Bear Lake. Table 1, page 2, is a tabulation furnished by the Bureau, listing

the most promising of these sites witc 3stimated costs for various storage

capacities. Included also in the tabulation, are other data on details of

the dams and flooded acreage. en Page 3 1s a map prepared by the Bureau ot

Reclamation showing location of reservoir sites.

The purpose of this report is to present data on the adequacy of avail":

able storable supplies if storage operations were limite(L~_...c~rt~ prescribed----------------." ------_._._---~-...~--- - --...._----------.- -- ---

non-irrigation periods and periods during t.he irrigation season when upstream--- --'---"- ' ..--_. '",. "'-~ .- •... .-_ .... , ..__.... -•... _- -...

storage oper~tio~s would not interfere with d~wnstream direct flow irrigation

righ~~ ~t some storage sites a brief tabulation of streamflow records will

suft~ce to show that the supply is JOOre than adequate for the maximum capae-

ities show in Table 1, while at others, available supplies may limit maxi.-

mum reservoir capacity. In some cases I upstream storage using part of the

storable supplies may need be taken into account in connection with downstream

storage reservoir capacity limitations,

In a previous report titled "Limiting Flows for Bear River at Border
/''-- .) c'

. I" "'. ,:'. 11 / -.,j

Gaging Station for Allowance of Upstream Storage," it was illustrated that

upstream storable supplies during the irrigation season were not very depend-

able unless a low limiting quantity was used as the required fiow at Border.

Downstream water users would probably object to a low limiting figure at

Border and it may be advisable to set this figure sufficiently high to ade-

quately protect their direct flow irrigation rights. The study indicated

-1-
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TABLE 1
PREUMINARY COST ESTIMATES OF POTENTIAL

DAM SITES IN 'mE BEAR RIVER DRAINAGE AREA ABOVE BEAR LAKE
Prepared by Logan Project Office, Bureau of Reclamation

f f f Height
,

I Maximum' 1 Estimat8~ Cosr-, , Total , Above 1 Crest I W. S. , Estimated 1 Per A.F. liv8, , C;;'pacity , Stream I Length 1 Area , Ccst , StorJ.g3
Dam Site I Stream I A. F ft

, Bed-Ft. , Feet I Ac. I 1951 Price 1 Capadty ~~,

1 , I I , , I ---
Ashby I Smiths Fork , 5,000 , 72 , 570 f 190 , $ 670,000, 141

I 15,000 , liO f 1,000 , 320 , 1,660,C'OO, 116
21,000 f 120 f 1,070 , 430 f 1,geo,000, 100,

Ferney f Hobble Creek f 3,000 f 63 f 200 , 130 I 360,000, 126
7,000 , 91 , 500 , 200 , 63°.1°00 , ,,95

10,000 , 105 , 600 , 240 f 860 ,GOO , 90
1

Giraffe f Thomas Fork , 5,000 , 65 f 300 , 260 , 1,160,000, 244
I , f 10,000 , 85, , 460 f 360 , 1,560,00°1 164
I\)
I I I , f , f !I

Hilliard f Sulphur Creek , 5,000- , 78 , 1,750 , 500 f 1,390,000, 293,
, 10,000

I 90 , 1,900 , 630 I 1,880,000, 198

Pleasant Valley . Pleasant ' 10,000 f 70 I 610 f
650 ' ** 1,750.000' 185.

Valley I 25,000
,

94
f 820 I

1,300 ' ** 2,385:0~U' 100
Creek I 50,000 I 117 ' 1 000 I

1 500 ' ** 3 23~ 000' 68, , ' , ' , ",
Poker Hollow

,
Smith Fork I 6,000 I 98 I 690 I

200 ' 1,250,000 1 219,
Woodruff Narrows ' Bear River ' 10 000 f 38

,
440

,
1,300 ' 600,000' 63.j

, 40,000 ,
61

,
560

,
2,400 ' ' 935,000' 25

I 70,000 I 73 I 605 f 3,000 ' 1,140,000' 17, , f , , ,
Lower Woodruff , Woodruff Creek ' 9,000 , 138 , I 210 ' 1,640,000 1 183
Upper Woodruff ! Woodruff Creek ! 9,000 f 138 1 f 210 ! 2,200 J 000: 244• . .

(,~,

* Assume 5% of total capacity as dead storage.
** Prices include the cost of a feeder canal.

.-, ,.; /;2'/

~/ ' •
' '" C,' , "" ,.-, ( • ~!~, "l/ // .;J '.) l ..' • " • ;,t-_

A/yo,(.')",./ / / / /(" '. (/ /. ~?,.,.', ,) fi'l
V • I"., " '/' II" <:'/1,' / ' '. '.. /)

..:;..-(-) ...¥' / ,,-

....-4,/ : ~ )
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that if a limiting now of 750 seoond-feet was used for Border 'iIIiiJI6 dOwnstreaM.

rights would rarely be violated. Applying this limitation, or its Harer equiv-
./ .

alent of 900 second-feet, to the hydrographs of Border and Harer in the above

named report, it is noted that little cr no water could be stored during the
/ - ~

/./ ClT z....:> .
irrigation seasoqs in 1926, 1930, 1931, 1933, 1934, 1935, 1939, 1940, 1941,

1942 and 1945. In all other years considerable water could be stored above

Border during the high water part of the irrigation season without decreas-

ing the now at Border ...~750\!!~~?~d-feet.

Since there could. be no upstream storagel during the high water portion

.f the irrigation season, in eleven of the twenty-five years 1924 to 1948, it

appears advisable to study ~Btream storage by placing speci~_~.hasis._~~_~---- --- ... --------- --~ ..- ,.

sible to firm up the non-irrigation season storable supplies by additional

storage during the high water· portion of the irrigation season without en-

croachment on downstream natural flow irrigation rights.

In this report the irrigation season is -e;onsidered as the period in

•
each year between May 1 and September 30 and the non-irrigation season as the

period between ~tober 1 of one year and April 30 of the following year. How--
ever, since there are some arguments that April 15 should be the dividing date,
many of the tabulations have been prepared showing irrigation and non-irriga-

tion seasons of tl«) different lengths.

STORAGE AT AND ABOVE WOODRUFF NARRCMS

Three reservoir sites at and above Woodruff Narrows are listed in Table

L ~ese include the Hilliard, Pleasant Valley, and Woodruff Narrows sites.

'!he Pleasant Valley site was investigated as an alternative to the Woodruff

-4-
•.~:'J~~."~. .
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TABLE 4

Monthly and Period Discharge, in Acre-Feet
of

Sulphur Creek near Evanston, Wyoming

;1

Water
Year

ending
Sept. 30 Oct. Nov. 'Dec. Jan. Feb. Mar.

April
1 - lS 16 - 30

Total
Oct.1

to
Apr.1S

Total
Oct.1

to
Apr.30

6
f

1943 30 84 138 160 144 1,440 3,190 1;660 5,186 6,846
1944 125 178 126 123 115 '123 2,170 3,510 2,900' 6,470
1945 41 81 61 92 167 1,560 908 3,070 2,910 5,900
1946 244 877 530 580 401 2,560 3,59C 3,350 8,782 12,132
1947 323 252 221 123 242 4,750 859 9'11 6,'nO 7,741-
1948 183 252 220 225 170 675 1,270 6,670 2,995 9,66~

(tift Ii .5$ WI (pI 7/ 4ro ec~ECJ a.EPO £.£17 £fJ 3t/-7
/j.s-o /;,3 2,.&.f' /77 /.;:11 3:i!7 717 E)c,,,lj ~t>.5'40 5{Pc....-o /1,~SCr

/7.s-/ /0/ ~2.Cr 9f"-O .2/y- ~2./ 711-0 ~;?'30 ~~/O (p$(PC;. '?/o7~

/9$'2-- {,1er if /1 '1S~ L/-72- 50'j &cJCf> 13"3 13/142-- fL'fJt.jo /7/';>0 Z-.

/l1/~ra>6 ~/7° '1/1'/0
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Narrows site and since it is below most of the Wyoming lands and costs con-

siderably more than the Woodruff Narrows site per acre-foot of storage, a

study of its water supply will not be made in this report. Investigations

80 far have not resulted in the location of any favorable sites situated

above all irrigated lands. The Hilliard site on Sulphur Creek is situated

above only about half of the irrigated lands in the Upper Wyoming area and

may be the only possibility for providing storage for Upper Wyoming.

!!1.j:,he study of s.tor-able water supply at and above Woocir\!n~Na.ITQ.w..~,..

~'': /- - /' ,<,
the supply for the upstream reservo~rs should first be considered. Then the

total supply at Woodruff Narrows shou}.i' be studied, keeping in mind that any

water stored on any of the tributaries upstream from the Narrows will decrease

the storable supplies at the Narrows by an amount practically equal to the ex-

tent of the upstream storage. '!he application of storage water to lands will

augment, to some degree, the total supplies available, during the irrigation

season, for lands below Woodruff Narrows.

Stream flow records in the Upper Bear River Basin prior to about 1943

are very meager, being limited entirely to the records obtained at the Bear

River near Evanston gaging station, which was established in 1913. However,

with the records which have been obtained since 1943, and the long time

records at the Evanston station, reasonably reliable determinations can be

made of storable supplies.

Hilliard Reservoir

'!he source of water supply for Hi.llia1"d Rese1"voir l«)uld be runoff of

Sulphu1" Creek and diversions during ice free periods from Mill Creek and

Bear River. In Tables 3 and 4, on pages 5 and 6, are shown monthly and period

-7-
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runoffs at the Bear River near Utah-Wyoming State Line, Mill Creek near Evan-

ston, and Sulphur Creek near Evanston gaging stations.

In most years the diversions from Mill Creek and Bear River would be

limited to October, November and April, because a diversion canal could not

be operated during periods of extreme freezing. Table 5, shows the QIOOunts

available from Sulphur and Mill Creeks and the additional diversion required

from Bear River.~1._t~o'1g~_~t~eamfiow records are available only sinee_1942,

it is b~_l~e.Ved that ar~eervoir at the Hilliard site of 10,000 acre-fee1:

capacity could be filled in every year, from the combined sources of supply.

TABLE 5

Hilliard Reservo~l Storable Supplies
Acre-?eet

! !
Total Sulphur Req'd.from BeiiiI Sulphur Creek Mill Creek and Mill River to make I

~ater
I

'Creeks . 10,000 ac.-ft.
Oct.1 I Oct.1 Oct. I oa:--'- -Q- --.- 'r--' Oct.l 1JCt:l-1 Year ct.l iOct.

lending to to Nov. \ Nov. .to to to to
Sept.30 Apr. 15 Apr. 30 ~pr. 1-15 Apr. 1-30 Apr. 15 Apr. 30 Apr.15 Apr.30

,
: 1943 5,200 7,100 2,700 6,000 7,900 13,100 2,100 0\
11944 3,000 6,500 1,400 1,800 4,400 8,300 5,600 1,700
I 1945 2,900 6,000 1'600 2,600 4,500 8,600 5,500 1,400

1
,

i 1946 8,800 12,100 2,400 7,100 11~2oo 19,200 0 0
1 1947 6,800 7,700 2,100

I
3,600 8,900 11,300 1,100 0

1
1948 3,000 9,700 /2,800 4,600 5,800 14,300 4,200 0

I

This reservoir w::>u1d principally benefit lands served by canals divert-

ing from Bear River between Myers Narrows and Woodruff Narrows, however, if
/

water rights were regulated on a priority of right basis, a large PO~:i.~~

could be applied to).~~s above Myers Narrows byexch.a.n.g~ for natural fiow•
... ~.,_.. ,.'. - '.

About 15,000 acres are irrigated from Bear River between Myers Narrows and

Woodruff Narrows and a1:x>ut 17,200 SCI' 3 are irrigated above Myers Narrows.

-8-
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Woodruff Narrows Reservoir

As previously mentioned, in studying supplies available for storage at

Woodruff Narrows, consideration must be given to the effect of upstream stor-

age. In addition to new upstream storage which may be constructed such as the

Hilliard Reservoir, this would include the requirements of the Crompton and

Neponset reservoirs which have been in operation for many years. The Crompton

and a number of other very small.r eservoirs, which are not mentioned, are too

small to have any material effect on supplies available and need not be taken

into account.

The Neponset Reservoir is supplied by the Chapman Cana~,' which diverts

from Bear River a short distance below the Bear River near Evanston gaging

station. Water is diverted for storage through this canal in the late fall

and early spring months of each year. That the gain between the Evanston gag-

ing station and Woodruff Narrows is practically equal to the amounts diverted

to the Neponset Reservoir during the period October 1 to the following April 30

of each year, is evidenced in Table 6.

TABLE 6

October 1 to April 30 Runoff in Acre-Feet

/:/c 4,3/.;) )jL

Water
Year

ending
Sept. 30

1944
19.45
1946
1947
1948
1949
1950

Chapman Canal at
state Line

(Diverted to
Neponset Reservoir)

6,000
5,498
5,003
4,301
4,800
1,455

-----bl4Q

Be.:.r River
near Evanston
Gaging Station

44,610
41,280
70,860
55,340
68,470
46,623
66,620

Bear River
near Vloodruff

Gaging Sto.tion

44;050
38~300

71~h40
57,450
63,390
50,330
68,500

Gain
Eva.'1s t;)n to
Woodruff

5,440
2,518
5,583
6,411
-280
5,162
5,029

-9-



•

the Bear River near Woodruff gaging station, which is located in Woodrotr

Narrows, is practically equivalent to the requirements of the Neponset Reser-

voir, the recorded flows at the Evanston gaging station may be used directly

in extending records at the Woodruff ~~ation in storage supply determinations

during the non-irrigation season. Shown in Table 7, page 12, are the recorded

flows at the Evanston gaging station for 1924 to 1948 during the period Oct-

ober 1 to April 30. Table 8, page 13, shows the recorded flows at the Wood-

ruff gaging station for 1943 to 1950. In each tabulation the month of April

has been divided into two half month parts~ and period totals given to show

runoffs for storage periods of two different lengths; October 1 to April 15,

and October 1 to April 30.

From the gaging station records in Tables 7 and 8, pages 12 and 13, the

total water available in each of the years 1924 to 1948, for new storage at

and above Woodruff Narrows for the two storage periods, can be determi~ed.

These are sununarized in Table 9, page 14, and graphically represented on pages

15 and 16. The Woodruff gaging station records are used for the 1943 to 1948

water years and the Evanston gaging sL'tion records are used for the 1924 to

1942 water years.

In order to study the limitation of reservoir capacity as related to

water supply, Tables 10 to 18, on pages 17 to 25, have been preraredo These

ta~)1es show, for reservoirs of various capacity, the surpluses and defici8rlc:i..es

in supply for the two storage periods and the extent to which the deficien~ies

could be made up with additional storage during the irrigation season when the

flow at Border exceeds 750 second-feet. It was noted on Page 4, that no stor-

age could be accumulated during the irrigation season in 1926, 1930, 1931, 1933,

1934, 1935, 1939, 1940, 1941, 1942 and 1945 to make up winter storage defi-

ciencies.
-10-



It is to be kept in mind that the storage and capacities shown ~uld

._------------~-_._--_. -

include ~l new s~or~~~ __develo~ents at and above Wo~dru:r( J:.l~t:Ows1 If
·v

10,000 a~r~~f~et were to be stored in :!illiard Reservoir, then 10,000 acre-

feet would be deducted from the capacities and supplies available for a

voir at Woodruff Narrows.

,.

I

reser-I

)
------/

Tables 10 to 13 show for storage capacities at and above Woodruff Nar-

rows, aggregating 20,000; 25,000; 30,000; and 35,000 acre-feet, the deficien-

cies which would occur if all storable flows between October 1 of one year

and April 15 of the following ye~r, were put into storage. There are also

shown the deficiency in supply if additional storage were allowed after Apr" 15,

providing storage were pennitted while the flow at Border was greater than

750 second-feet.

Tables 14 to lS show for storage capacities aggregating 30,000; 35,000;

40 J OOO; 45,000 and 50,000 acre-feet similar information for a storage period

extending from October 1 of one year to April 30 of the following year and

with high water storage after May 1, ';.~lile the flow a.t Border was above 750

second-feet.

The accunnllative total of several consecutive years of deficiency w:>uld

be an indication of additional holdover capacity required to make available,

for delivery in every year, the amounts noted. In addition to this, an ad-

ditional allowance for evaporation loss on holdover storage would need be

ta1cen into account.

-11-
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TABLE 7

MOnthly and Period Discharge, in Acre-Feet
of

Bear River near Evanston, Wyoming

Water Tot.al Total
Year Oct.l Octol ;ending April to to ~

~
Sept. 30 Oct. Nov. Dec. Jan. Feb. Mar. 1 - 15 16 - 30 Apr. 15 Apr. 30

,;1 --
1 1924 10,100 6; 5(){)i< 4,000*- 4;000*- 3,500*- 4-, 70~< 31-,700 13,700 64,500 78,200

1925 1,050 3,~< 2,50~< 2,500*- 2, 45()-l< 4,OQOi< 7,000* 14,5ro< 22,500 37,00e'
1926 6,580 4,360 4,20~< 3,500* 3,86()-l< 16,200 8,280 16,320 46-,980 63,300
1927 1,270 1600* 2:,000* 2,00~< 2-,00~< 5,500*- 11,050 12,950 25,420 38-,370,
1928 6,950 6,800* 4,5ro< 4,00~:' 4,00~< 17,OW< 7,410 11,590 50,660 62,250

I 1929 922 2:,000* 1,700*- 1,800* 1:,7W< 15,8001< 5,620 17,580 29,540 47;120
I--' 1930 5,240 4,610 3:,500* 3;00~:- 3;~- 9,()()Ol< 13,000 13,500 4L ,350 54,850
N

1931 3,970 2,500 2,770 3,070 4,170 19-,100 4,960 4,620 40,620 45, ,2A:C>I

1932 590 1,860 2,150 2,150 2;300 9,720 9,500 13,020 28,350 41,370
1933 1,730 2,790 1,710 1,540 1;940 7,810 4,800 8,200 22,320 30,520 ..
1934 298 627 2,150 1;540 3,610 5,620 3,460 7,270 17,300 24,580 '
1935 188 383 . 984 2,150 3-,330 '5,030 4,160 6,690 16,220 22,920
1936 '205 547 1,300 1;730 2-,070 3,230 3,560 30,670 12,720 43 -,390
1937 2,420 4,220 2,810 1,970 1,470 5,120 12,920 24,690 30,930 55,620
1938 1,630 1,720 1,850 2,180 2,770 8,890 8,450 22,850 27,490 50,340
1939 3,000 3,410 3,160 3,370 2,950 17,120 8,120 11,720 41,130 52,850
1940 1,220 1,010 1,100 1,180 2,540 5,970 4,150 6,190 17;250 23-,440
1941 3,050 2'860 2,000 1;750 2,150 7,590 4,720 4,130 24,120 28,250,
1942 4,810 4,740 4,320 3,470 3,610 7:,310 22,440 12,960 50-,700 63,660
1943 569 1,200 2,180 2,470 3,170 7,820 14,630 20,570 32,040 52,610
1944 2;150 3,160 2,330 2,460 2;480 4,540 15,560 11,830 32,680 44;510
1945 1,090 2,080 1,630 2,540 2,730 9,080 7,420 14,710 26,570 41-,280
1946 3,170 4,700 4,670 4,330 3,390 10,160 12,850 27,590 43,270 70,860
1947 2,390 5,260 4,840 3,750 3;820 20,830 5,960 8;490 46,850 55,340
1948 2,940 4,980 5,250 4,500 4,170 7,060 7,610 31,960 36,510 68,470

* Estimated.
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TABLE 8

Monthly and Period Discharge in Acre-Feet
of

Bear River near Woodruff, Utah

Water Total Total
Year Oct.l Oct..1

ending April to to
Sept. 30 Oct. Nov. Dec. Jan. Feb. Mar. 1 - 15 16 - 30 Apr.15 Apr.30

1943 49 892 1,860 2,090 3,450 10,790 12,510 17,860 31,640 49,500
, 1944 001 1,840 2,350 2,550 2,690 2,690 17,700 13,430 30,620 44;,050
f-J 1945 340 1,120 1:,620 2:,720 2,890 7:,910 7,410 14,290 24,110 38,400VJ
I 1946 3;490 5,790 5,320 4,920 3,690 10,770 11,820 25,640 45,aJO 71,440

1947 1,030 4,340 5,360 4,060 3,940 24,260 6,400 8,060 49,390 57,450
1948 2,680 4,460 5,040 '5,160 4,600 6,350 6-,770 28,330 35,060 63;,390
1949 -116 1,510 3,750 3,840 3,330 6,020 11,190 20,570 29,760 50,330
1950 1,800 2,860 3,460 3,300 3,920 8,140 15,490 29,530 38,970 68,500



TABLE 9

Storable Flow at and Above Woodruff Narrows
Acre-Feet

Water
Year October 1 October 1

ending to to
Sept. 30 April 15 April 30

1924 64,5(/' 78,200
1925 22,50G :37,000

" 1926 47,000 63,300
1927 25,400 38,400
1928 50,700 62,200
1929 29,500 47,100
1930 41,400 54,800
1931 40,600 45,200
1932 28,400 41,400 .
1933 22,300 30,500 .'
1934 17,300 24,600 r',
1935 16,200 22,900/
1936 12,700 43,400
1937 30,900 55,600
1938 27,500 50,300

( 1939 41,100 52,00°/
1940 17,200 23,400 /

/' 1941 24,100 28,200
1942 50:,700 63,700
1943 31,600 49,500
1944 30,600 44,000
1945 24,100 38,400
1946 45,000 71,400
1947 49,400 57,400
1948 35,100 63,400 I

Note.- Water years 1943 to 1948 are actual. runoffs of Bear River
near Woodruff and 1924 i,~ 1942 are actual runoffs of Bear
River near Evanston.

\ l
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•
TABLE 10

Storage Aggregating 20,000 Acre-Feet at and above Woodruff Narrows
Acre-Feet

Water Storable Spill Storage Period Oct. 1 Storage Period Oct. 1
Year Supply Oct. 1 to to Apr. 15 and after

ending Oct. 1 to Apr. 15 only Apr. 15 while Border
Sept. 30 to Apr. 15 above 750 c,f.s.

Apr. 15 Reservoir Total
Contents Storage
Apr. 16 Deficiency Accum.. DeficiEncy

1924 64,500 44;500 20,0::) ° 20,000 0.
1925 22,500 2,500 20,0(;,0 ° 20,000 0
1926 47,000 27,000 20,000 0 20,000 0
1927 25:,400 . 5,400 20,000 ° 20,000 0
1928 50,700 30,700 20,000 0 20:,000 0
1929 29,500 9,500 20,000 ° 20,000 0
1930 41,400 21,400 20,000 0 20,000 0
1931 4O,WJ 20,600 20,000 ° 20,000 0
1932 28,400 8,400 20,000 0 20,000 0
1933 22,300 2,300 20,000 0 20,000 0
1934 17,300 ° 17,300 2:,700 17,300 2,700
1935 16,200 0 16,200 3,800 16,200 3,000
1936 12,700 0 12,700 7,300 20,000 0
1937 30,900 10,900 20,000 0 20,000 °1938 27:,500 7,500 20,000 0 '20,000 0
1939 41,100 21,100 20,000 0 20,000 0
1940 17,200 0 17,200 2,eoo 17,200 2.800
1941 24,100 . 4,100 20,000 0 20,000 0
1942 50;700 30,700 20,000 0 20,000 0
1943 31,600 11,600 20,000 0 20,000 0
1944 30;600 10,600 20,000 0 20,000 0
1945 24,100 4,100 20:,000 0 20,000 0
1946 45,800 25,800 20,000 0 20,000 0
1947 49,400 29,400 20,000 0 20,000 °1948 35,100 15,100 20,000 0 20,000 0
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TABIE 11

~Storage Aggregating 25,000 Acre-Feet at and above Woodruff Narrows

/:
Acre-Feet

~ I
: ~

Water Storable Spill Storage Period Oct. 1 Storage Period Oct. 1 ,

Year Supply Oct. 1 to to Apr. 15 and after
ending Oct. 1 to / Apr. 15 only' Apr. 15 while Border :'j

Sept. 30 to Apr. 15 above 750 c.f.s. ,

Apr. 15 Reservoir Total
Contents Storage
Apr. 16 Deficiency Accum. Deficiency

1924 64,500 39,500 25,000 0 25,000 0
1925 22,500 0 22,500 2,500 25,000 0
1926 47,000 22,000 25,000 0 25,000 0 I

1927 25,400 '400 25,000 0 25,000 0 Ii
1928 50,700 25,700 25,000 0 25,000 0
1929 29,500 4,500 25,000 0 25,000 0
19.30 41,400 16,400 25,C'O 0 25,000 0
1931 40,600 15,600 25,0: J 0 25,000 0
1932 28,400 3,400 25,000 0 25,000 0
1933 22,300 0 22,300 2,700 22,.300 2,700
1934 17,300 0 17,.300 7,700 17,300 7,700
1935 16,200 0 16,200 8,800 16,200 8,800
19.36 12,700 0 12,700 12,.300 25,000 0
1937 .30,900 5,900 25,000 0 25,000 0
1938 27,500 2,500 25,000 0 25,000 0
1939 41,100 16,100 25,000 0 25,000 0
1940 17,200 0 l7,200 7,800 17,200 7,800
1941 24,100 0 24,100 900 24,100 900
1942 50,700 25,700 25,000 0 25,000 0
1943 31,600 6,600 25,000 Q 25,000 0
1944 30,600 5,600 25,000 0 25,000 0
1945 24,100 0 24,100 900 24,100 900
1946 45,800 20,800 25,000 0 25,000 0
1947 49,400 24,400 25,000 0 25,000 0
1948 .35,100 10,100 25,000 0 25,000 0

-18-
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TABLE 12 i,

~Storage Aggregating 30,000 Acre-Feet at and above Woodruff Narrows 1,
Acre-Feet

1Water Storable Spill Storage Period Oct. 1 Storage Period Oct. 1 IYear Supply Oct. 1 to to Apr. 15 and after
ending Oct. 1 to Apr. 15 only Apr. 15 while Border !

Sept. 30 to Apr. 15 above 750 c,f.s.
Apr. 15 Reservoir Total

IiContents storage
Apr. 16 Deficiency Accum. Deficiency I1924 64,500 34,500 30,000 0 30,000 ° I'1925 22,500 ° 22,500 7,500 30,000 ° I:

1926 47,000 17,000 30,000 ° 30,000 ° I,.
1927 25,400 ° 25,400 4,600 30,000 0 I
1928 50,700 20,700 30,000 0 30,000 0 !Iv.

j ,~ ~i

1929 29,500 ° 29,500 500 30,000 °
i..
ii,'

1930 41,400 11,400 30,000 ° 30,000 0 )!l
1931 40,600 10,600 30,000 ° 30,000 0

I,Ii
1932 28,400 ° 28,LOO 1,600 30,00Q °

,i
;;.

~ i ,

1933 22,300 ° 22,3" ) 7,700 22,300 7,700 "!~ I

1934 17,300 ° 17,3U\) 12,700 17:,300 12,700
1935 16,200 0 16,200 13,800 16,200 13,000
1936 12,700 0 12,700 17,300 30,000 0
1937 30,900 900 30,000 ° 30,000 0
1938 27;500 0 27,500 2,500 27 ,500 0
1939 41:,100 11,100 30,000 ° 30,000 0
1940 17,200 ° 17,200 12;000 17,200 12jSOO
1941 24,100 0 24,100 5,900 24,100 5,900
1942 50,700 20,700 30,000 0 30,000 0
1943 31,600 1,600 30,000 0 30,000 0

i'

;!1944 30:,600 600 30,000 0 30,000 0
1945 24:,100 0 24,100 5,900 24,100 5,900 I:
1946 45,000 15,800 30,000 0 30,000 0 II1947 49,400 19,400 30:,000 0 30,000 0 I

I

1948 35,100 5,100 30,000 0 30,000 0 I

-19-



TABIE 13

storage Aggregating 35,000 Acre-Feet at and above Woodruff Narrows
Acre-Feet

Water Storable Spill Storar:e Period Oct. 1 Storage Period Oct. 1
Year Supply Oct. 1 to to Apr. 15 and after

ending Oct. 1 to Apr. 15 only Apr. 15 while Border
Sept. 30 to Apr. 15 above 750 cof.s 2

Apr. 15 Reservoir Total
Contents . Storage
Apr. 16 Deficiency Accum. Deficiency

1924 64,500 29,500 35,000 0 35,000 0
1925 22,500 0 22,500 12,500 35,000 0
1926 47,000 12,000 35,000 0 35.000 0
1927 25,400 0 25,400 9,600 35,000 0
1928 50,700 15,700 35,000 0 35,000 0
1929 29,500 0 29,500 5,500 35,000 0
1930 41,400 6,400 35,000 0 35,000 0
1931 40,600 5,600 35,000 0 35,000 0
1932 28,400 0 28,400 6,600 35,000 0
1933 22,300 0 22,300 12,700 22,300 12,700
1934 17,300 0 17,300 17,700 17,300 17,700
1935 16,200 0 16,200 18,800 16,200 18,800
1936 12,700 0 12,700 22,300 35,000 0
1937 30,900 0 30,900 4,100 35,000 0
1938 27,500 0 27,500 7,500 35,000 0
1939 41,100 6,100 35,000 0 35,000 0
1940 17,200 0 17,200 17,800 17,200 17,800
1941 24,100 0 24,100 10,900 24,100 10,900
1942 50,700 15,700 35,000 0 35,000 0
1943 31,600 0 31,600 3,400 35,000 0
1944 30,600 0 30,600 4,400 35,000 0
1945 24,100 0 24,; ,() 10,900 24,100 10,900
1946 45,800 10,800 35,000 0 35,000 0
1947 49,400 14,400 35,000 0 35,000 0
1948 35,100 100 35,000 0 35,000 0

-20-



TABLE 14 '

storage Aggregating 30.,000 Acre-Feet at and above Woodruff Narrows
--- Acre-Feet

Water Storable Spill Storage Period Oct. 1 storage Period Oct. 1
Year Supply Oct. 1 to to Apr. 30 and after

ending Oct. 1 to Apr. 30 only Apr. 30 ~...hi1e Border
Sept. 30 to Apr. 30 above 750c~f.s._.

Apr. 30 Rese::' ,ir Total
Conten\:"s Storage

May 1 Deficiency Accum. Deficiency

1924 78,200. 48,200 ~OOO 0 30,000 0
"1925 37,000 7,000 J(),OOO 0 30,000 0

1926 63,300 33,300 )0,000 0 30'000 0, \

1927 38,400 8,400 30,000 0 30,000 0
1928 62,200 32,200 30,000 0 30,000 0
1929 47,100 17,100 30,Ooq 0 30,000 0
1930 54;800 24,800 30,000 0 30,000 0
1931 45,200 15,200 30,000 0 30,000 0
1932 41,400 11,400 30,000 0 30,000 °1933 30,500 500 30,000 0 30,000 0
1934 24,600 0 24,600 5,400 .tf-M' 24,600 5,400 kf~

1935 22,900 0 22,900 7,100 ;z., fI-"~ 22,900 7,100 ~,IIJ<;V

1936 43,400 13,400 -30·,000 • I 0 . 30:,000 0
1937 55,600 25;600 30,000 0 30,000 0
1938 50,300 20,300 30,000 0, 30,000 0, 1939 52,000 22,eoo 30,000 0 30-,000 0I'i;

~-/f,<h> -6 '00-- //;, .-0

f
1940 23:,400 0 23,400 23,400'. J

,
1941 28,200 0 28,-200 .1.,800 . 28,200 ..;1.,,800 ', 1942 63,700 33,700 30,000 0 30,000 0

J
1943 49,500 19,500 30,000 0 30,000 0
1944 44,000 14,000 30,000 0 30,000 0
1945 38,400 8,400 30,000 0 30,000 0

~ 191+6 71,400 41,400 30,000 ot 30,000 0
1947 57,400 27,400 30,000 0 30,000 0
1948 63,400 33,400 3P ,!f"') 0; 30,000 0

. /
~

-21-



Storage Aggregating 35,000 Acre-Feet at and above Woodruff Narrows
Acre-Feet

TAm...!: 15

,~ ~-',=--=-1
J'

f
~ I
il

Water
Year

ending
Sept. 30

storable
Supply
Oct. 1

to
Apr. 30

Spill
Oct. 1

to
Apr. 30

Storage Period Oct. 1
to

Apr. 30 only

Reservoir
Contents

May 1 Deficiency

Storage Period Oct. 1
to Apr. 30 and after
Apr e 30 wr~le Border

above 750 c.f.s ____
Total

Storage
Accum. Deficiency

I

"I'II,
I

1924
1925
1926
1927
1928
1929
1930
1931
1932
1933
1934
1935
1936
1937
1938
1939
1940
1941
1942
1943
1944
1945
1946
1947
1948

78,200
37,000
63,300
38,400
62,200
47.,100
54,800
45,200
41,400
30,500
24,600
22.,900
43,400
55,600
50,300
52,000
23.,400
28,200
63,700
49,500
44,000
38,400
71:,400
57,400
63,400

43,200
2,000

28,300
3,400

27,200
12.,100
19,800
10,200

6,400
o
o
o

8,400
20,600
15,300
17,000

o
o

28,700
14,500
9,000
3j400

36,400
22,400
28,400

35,000
35.,OCJ
35,OUO
35,000
35,000
35,000
35,000
35,000
35,000
30,500
24,600
22,900
35,000
35,000
35,000
35,000
23,400
28,200
35,000
35,000
35,000
35,000
35,000
35,000
35,000

o
o
o
o
o
o
o
o
o

4,500
10,400
12,100

O·
o
o
o

u· 600,
6,800

o
o
o
o
o
o
o

35,000
35,000
35,000
35,000
35.,000
35,000
35,000
35,000
35,000
30,500
24,600
22,900
35.,000
35,000
35,000
35,000
23,400
28,200
35,000
35:,000
35,000
35,000
35,000
35.,000
35,000

o
o
o
o
o
o
o
o
o

4,500
10,400
12,100

o
o
o
o

U,600
6,000

o
o
o
o
o
o
o
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-.._;c..:-.~,.,

TABLE 16
Fl'

Storage Aggregating 40,000 Acre-Feet at and above W~odruff Narrows IiiAcre-Feet
II
1:

Water Storable Spill Storage Period Oct. 1 Storage Period Oct. 1 IIYear Supply Oct. 1 to to Apr• .30 and after
ending Oct. 1 to Apr • .30 only Apr• .30 while Border

Sept. 30 to Apr. ·.30 above 750 c.f.s.
Apr. .30 Reservoir Total

Content.s Storage
MayJ Deficiency Accum. Defioiency

1924 78,200 38,200 40,000 0 40,000 0
1925 37,000 0 37,000 3,000 40,000 0
1926 63,300 2.3,300 40,000 0 40,000 0
1927 38,400 0 38,400 1,600 40,000 0
1928 62,200 22,200 40,000 0 40,000 0
1929 47,100 7,100 40,000 0 40:,000 0
19.30 54,000 14,800 40,000 0 40,000 0
19.31 45,200 5,200 40,000 0 40,000 0
1932 41,400 1,400 40,000 0 40,000 0
1933 30,500 0 30,500 9,500 . 30,500 9,500
1934 24,600 0 24,600 15,400 24:,600 15,400
1935 22,900 0 22,900 17,100 22,900 17,100
1936 43,400 .3:,400 40,000 0 40,000 0
1937 55,600 15,600 40,000 0 40,000 0
1938 50,.300 10,300 40,000 0 40,000 0
1939 52,000 12,800 40,000 Q 40,000 0
1940 23,400 0 23,400 16,600 23,400 16,600
1941 28,200 0 28,200 11,800 28,200 11,800
1942 63,700 23,700 40,000 o. 40,000 0
1943 49,500 9,500 40,000 0 40,000 0
1944 44,000 4,000 40,000 0 40,000 0
1945 38,400 0 38,400 1,600 38,400 1,900
1946 71,400 31,400 40,000 0 40,000 0
1947 57,400 17,400 40,000 0 40,000 0
1948 63,400 23,400 40,000 0 40,000 0

-2,3-
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TABLE 17

Storage Aggregating 45,000 Acre-Feet at and above Woodruff Narrows ~t
JAcre-Feet 'I

~ .

Storage Period Oct. 1
i

Water Storable Spill Storage Period Oct. 1 Ii
Year Supply Oct. 1 to to Apr • .30 and after

,
L

ending Oct. 1 to Apr. 30 only Apr. 30 while Border
Sept. 30 to Apr • .30 above 750 c.f.s.

Apr. 30 Reservoir Total
Contents Storage

May 1 Deficiency Accum. Deficiency

1924 78,200 33,200 45,000 0 45,000 0
1925 37,000 0 37,000 8,000 45,000 0
1926 63,300 18,300 45,000 0 45,000 0
1927 38,400 0 38,400 6,600 45,000 0
1928' 62,200 17,200 45,000 0 45,000 0
1929 47,100 2,100 45,OC,~ 0 45,000 0
1930 54,800 9,800 45,000 0 45'000 0

"

1931 45,200 200 45,000 0 45,000 0
1932 41,400 0 41,400 3,600 45,000 0 r

i
1933 30,500 0 30,500 14,500 30,500 14,500

.~1934 24,600 0 24,600 20,400 24,600 20,400
1935 22,900 ° 22,900 22,100 22,900 22,100
1936 43,400 ° 43,400 1,600 45,000 0
1937 55,600 10,600 45,000 0 45,000 0
19.38 50,300 5,300 45,000 0 45,000 0
19.39 52,800 7,000 45,000 0 45,000 0 'Ii" I

1940 2.3,400 0 23,400 21,600 23,400 21,600 :1,

1941 28,200 0 28,200 16,800 28,200 16,800 :I!

1942 63,700 18,700 45,000 0 45,000 0 II194.3 49,500 4,500 45,000 0 45,000 0 "

1944 44,000 0 44,000 1,000 45,000 0
1945 38,400 0 38,400 6,600 38,400 6,600
1946 71,400 26,400 45,000 0 45,000 0
1947 57,400 12,400 45,000 0 45,000 0
1948 63,400 18,400 45,000 0 45,000 0
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~'TABLE Ie
,.

storage Aggregating 50,000 Acre-F8et at and above Woodruff Narrows
Acre-feet

Water Storable Spill Storage Period Oct. 1 Storage Period Oct. 1
Year Supply Oct. 1 to to Apr. 30 and after

ending Oct. 1 to Apr. 30 only Apr. 30 while Border
Sept. 30 to Apr. 30 above 750 c,f.s.

Apr. 30 Reservoir Total
Contents Storage

May I Deficiency Accum. Deficiency

1924 78,200 28,200 50,000 0 50,000 0
1925 37,000 0 37,000 13,000 50,000 0
1926 63,300 13,300 50,000 0 50,000 0
1927 38,400 0 38,400 11,600 50,000 0
1928 62,200 12,200 50,000 0 50,000 0
1929 47,100 0 47,100 2,900 50;000 0
1930 54,000 4,800 50,000 0 50,000 0
1931 45:,200 0 45,200 4,800 45,200 4,800
1932 41,400 0 41,400 8:,600 50:,000 0
1933 30,500 0 30,500 19,500 30,500 19:,500
1934 24,600 0 24,600 25,400 24,600 25,400
1935 22,900 0 22,900 27,100 22,900 27,100
1936 43,400 0 43,400 6,600 50,000 0
1937 55,600 5,600 50,000 0 50;000 0
1938 50:,300 .300 50,000 0 50,000 0 I

1939 52j800 2, BOO 50,000 0 50,000 '0
,I

1940 23,400 0 23,400 26,600 23,400 26~600
:,'

.~

1941 28,200 0 2e,200 21,000 28,200 21,000
1942 63,700 13,700 50,O~.;\) 0 50,000 0
1943 49,500 0 49,500 500 50,000 0
1944· 44,000 0 44,000 6,000 50;000 0
1945 38:,400 0 38,400 11,600 38,400 11,600
1946 71,400 21,400 50,000 0 50,000 0
1947 57,400 7,400 50,000 0 50;000 0
1948 63,400 13,400 50,000 0 50,000 0

\ .
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WEST SIDE CF~S

in
WOODRUFF-RANDOLPH SECTIOO

Woodruff, Big, Randolph, and Otter Creeks flow into the Woodruft

Randolph Valley from the lOOuntainous area on the west. Water is diverted

for irrigation from these streams along their narrow valleys and on their al-

lunal tans on the west side of the main river valley. Practically all ot

the lands served by these streams are situated above lands irrigated by canals

diverting from the main stem of the river. I t has been the pr'!Q:t.1ce .of ~!J~.r........ --"--"-'~

users on these ~:treams to divert practically the enti.:r~ ~:t.er.~\lPply.at...all-- "--.---' . . -- -_ .._ --.----

times of the year and little or no water from these8tre~ reach the main
-----------•. -, .-.,.-.~....-••~".".,.,~.-",--~"""".- -. '., • ' •.•.• " ~ ...~._.,'<•. ~_•. _<.

stem at Bear River as surface now...
...-.,...~._/- ..... .' ....... ,.... .' .' , .

A reservoir at approximately 600 acre-feet capacity has been in opera-

tion on Randolph Creek for a number of years. There is also one small reser-

voir at unknown capacity on Birch Creek, a tributary of Woodruff Creek. A

reservoir of larger capacity, on this same tributary, is currently under con-

struction. '!he Bureau of Reclamation has made preliminary storage investiga-

tions of two sites on Woodruff Creek which are included in Table 1. Limited

investigations were also made of possible sites on Big and Otter Creeks.

A number of stream flow gaging stations were installed at various 100&-

tions on the streame as early as 19.38 to determine storable supplies. Although

the extent of stream flow records are rather limited and the stations have

not been operated continuously, they are sufficient in most cases to indicate

'-- storable supplies, which could be accumulated during winter periods and high-

water runoff periods.



Woodruff Creek r
Gaging stations have been operated at three different sites on Woodruff

Creek above the mouth of Birch Creek. Records collected at these sites are

equivalent, and monthly runoffs for October to April are shown in Table 19.

On the basis of correlation with records of Little Bear River near Paradise,

a tabulation for 13 years has been prepared which is given in Table 20. For

the years ot low storable flows, the following approximate additional stor-

age could have been accumulated in May:

It is indicated that a reservoir ot about 4,500 to 5,000 acre-feet

capacity would fill in eleven of the 13 years and \«)\lld~ about half fill

in each of the years, 1940 and 1941. About 5,700 acres of irrigated lands

Approximate
Additional

Storable in May

Water Year
ending

Sept. 30

1939
1940
1941
1942
1943
1944
1945

o
o
o

1,000
3,500
2,000
1,200

Acre-feet
tI

"It
"
"
"

are dependent on Woodruff Creek a s a source of supply.

Total
Oct.
to

Apr. Apr.

3,925 7,510
1,030 2.,970 Ii

767 2,390 !

2,321 3,920 Ii

6,220 8,190
4,350 9,040

TABLE 19

Woodroff Creek above mouth of Birch Creek
Acre-Feet

Water
Year

ending
Sept. 30 Oct. . Nov. Dec. Jan. Feb • Har•.

1938 S54 598 594 572 525 746
1940 334 285 284 287 287 462
1941 239 254 252 233 246 396
1942 3ll 289 252 246 222 278
1943 296 294 307 277 222 576
1950 825 696 686 686 651 1,150

-27-



TABLE 20

Woodruff Creek a bove mouth of Birch Creek
Acre-Feet

1944 2,700*
1945 3,400*
1946 11,900*
1947 6,000*
1948 6,600*
1949 8,000*
1950 9,040

Water Year Runoff
ending OCt. 1 to

Sept. 30 Apr. 30

1938 7,510
1939 5,300* ,/

1940 2,970
1941 2,390
1942 3,920
1943 8,190

Water Year
ending

Sept. 30

Runoff
Oct. 1 to

Apr. 30

Birch -Creek

* Determined from correlation
Paradise, Utah.

Iq.s/ . ~ TtilJ
curve wi.th Little Bear River near

~

A stream flow gaging station was installed on Bireh Creek below the

mouth ot Allen Creek in September 1949 and records for only one year are so

far available. '!he present small reservoir and the new reservoir now being

constructed are located on Birch Creek above the lOOuth of Allen Creek. Dis-

charge measurements made on Allen Oreek and at the Birch Creek gaging station

dUring 1950 indicate the supply available for storage at the new dam site is

approximately 66 percent of the flow recorded at the Birch Creek gaging station.

Sixty-six percent of the recorded October 1 to April 30 runoff of the Biroh

Creek gaging station for 1950 is 1,360 acre-feet. This runoff, 1,360 acre-

feet, is 15 percent of the runoff recorded at the Woodruff gaging station for

the same period of time. The relation of drainage areas and annual runoffs

are approximately the same. This furnishes a basis for estimating period

and amual runoffs of water supply at the new Birch Creek dam site. In Table

21 are sho\llll estimated storable supplies October 1 to April 30, of Birch

Creek at the new dam site for years 1938 to 1950.
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TABLE 21

Birch Creek at New Dam Site
Acre-Feet

Water Year
ending

Sept. 30

1938
1939
1940
1941
1942
1943
1944

Runoff
Oct. 1 to
Apr. 30

1,130*
800*
450*
360*
590*

1,230*
400*

Water Year
ending

Sept. 30

1945
1946
1947
1948
1949
1950

RtU'lorf
Oct. 1 to

Apr. 30

·510*
1,790*

900*
"990*

1:,200*
1,360

* Fifteen percent of Woodruff Creek runoff.

From this tabulation it 'WOuld appear that a reservoir at this site

would not store much water if the storage time was restricted to the period

October 1 to April 30 of each year. ~ reservoir o!_a.};lQ~'t.bgKLac~e.da.o.t..

~~~...ne.ed1i~L~~re wate:. .at.~!..).i)A~s._Qt_the-~~~~~Ei ..~en n~!s

s~ to rel-!ase stor~e water for i~!8.8:1;.Q.!h_in......o~!...~_iI!.~_~!11 dellY!tx:Y.

tor use of its approximate cap!city.- ,---.
Big Creek

A gaging station was established on Big Creek in March 1939, discon-

tinued in September 1944, and reestablished in October 1949. Winter records

were not obtained in the water years 1942 and 1943. On the basis of a cor-

relation curve with Blacksmith Fork, for runoff October 1 to April 30 of the

four years of winter record available, the winter runoff for missing years

1938 to 1950 have been computed, which are shown in Table 22. Approximately

2,500 acres are irrigated from Big Creek.
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Shown in Td.ble 23 are est.imated and recorded runoffs of Hobble Creete

and Sllliths Fork near Border for the period October 1 to April 30, of each

year from 1943 to 1950. The figures represent storable supplies available at

the Ferney and Ashby dam sites and indicate that the supplies are more than

sufficient for the reservoir capa.cities listed in Table 1.

TABLE 23

Hobble creek and. Smiths Fork
Acre-Feet

Water Year Hobble Creek Smiths Fork
ending Sept. 30 Oct. 1 to Apr. 30 Oct. 1 to Apr. 30

1943 26,000* 42,160
1944 22,670 33,630
1945 19,1~20 27,450
1946 29,360 50,130
1947 23,700* 36,960
1948 23,000* 35,290
1949 23,500* 36,560
1950 23,000* 35,390

* Estimated on basis of correlation curve with 5mi.ths Fork
near Border.

THOMAS FORK

A gaging station was installed on 'Ihomas Fork near the Wyoming-Idaho

State line in September 1949. This gaging station is at the Giraffe dam site

on 'Ihomas Fork. Gaging stations have been in operation since 1940 on '!'homas

Fork above the mouth of Salt Creek and on Salt Creek above its mouth. The

1950 runoff of the station near the State line was 160 percent of the total

flew of Salt Creek and of ThomaR Fork above mouth of Sa.1t Creek, for the

period October 1 to April 30, 1950. On the basis of this relation, the records

8r the station near th~ stat& line hav~ bd&n ~tended back to 1940 as shown

hi Table 24i As indleated by this Th.b1et a rasei'Voir of 5,000 acre-feet
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~at->Cl,c:.t.y wrlclct f5l1 i:" Dr3~tically every year.

TABLE 24

Thomas Fork near Wyoming-Idaho state line
Acre-Feet

Water Year
ending
Sept. 30

Thomas Fork
Oct. 1 to Apr. 30

Runoff

1940 5,40Qif' __---/F'o
1941 6,300* ~ .?/If 0

1942 10,000* -- J 3 ".-0

1943 23,:LOO* 77
00

1944 7, 50o-:t ;2'>- d v

,1'945 4,900* / (, J 0

19h6 28,600* 1; !rrO

19!+7 14,800* s- tr1.>-C

1948 11,600* .5; ,-(TV
19h9 11,400* 3, yr-v
1950 16,832 .fft 'u 0

&51 1~g'1o§~ it;-....-v
4c/£. ~ 0 • eI ?1 {F7"4L..

* Estimated on basis, of upst~eam gaging stations. ~
~/ dvo

/3,3rl r T
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