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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 Wyoming, Water
users above the lake have insisted they are entitled to an equitable |
ghare of the storable waters of the river system. On the otherbhand,

water users below Bear lLake maintain there are no storable waters

available for new storage above the lake in excess of present rights
and uses,
Normally, the major portion of the natural flow runoff in the

upper basin occurs in April, May and June, and those dependent on

natural flow are practically without water for the balance of the L
season. The principal crops raised in the upper basin are wild hay
and native grasses and for maximum return from this type of crop,
adequate water should be available from_abou?_gfz}%o abqgﬁuggg:gulx.mm
Since irrigation supplies are not available throughout the grow-
ing period, much early irrigation is practiced before crop growth be-
gins, which is both wasteful of water and harmful to the lands. Up-
stream water users have indicated that if supplemental storage supplies
were available to them they would discontinue the practice of early
and excessive irrigation,

The purpose of this report is to present a study and data on

supplemental storage requirements of lands above Bear Lake, The study




is principally limited to those lands for which storage sites and
storable supplies are available, It would be a waste of effort to !

include lands for which ne reasonable storage facilities are avail-

sble, or for which present natural flow supplies are adequate for most

years.
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SUPPLEMENTAL STORAGE REQUIREMENTS FOR LANDS
ABOVE BEAR LAKE

SEGREGATION OF LANDS ~
In order to analyze the supplemental storage requirements of lands

above Bear Lake, it is necessary to segregate the lands as to sources of

water supply. This segregation can be made in conformity with the.State
sections as defined in the "Tentative Draft of a Bear River Compact" and .
the basin divisions as prescribed in the later “Propesed Draft of a
Bear River Compact." It is believed such a segregation will avoid con-
fusion and facilitate the study of this report. The land areas are de-
fined as follows:
A. Upper Division
1. Upper Wyoming Section

v

Area served by canals diverting from Bear River above

7(/
the Woodruff Narrows, comprising approximatelqi:i/ﬁ’f’jzlo"5 e

do -

g s !

acres, Sometimes referred to as the Evanston area, Frp e
“’y-e G -~

2. Lands Served by major streams tributary to Upper Wyoming
Section.

a, Mill Creek
b. Sulphur Cresk
Ce Yellow Creek
3e Middle Utah Section
Area served by canals diverting from Bear River between
Woodruff Narrows and the Utah-Wyoming State line below

ey

Randolph, comprising approximatelx\??éggo”écres. Some-

e }(Méé(,(ia.» PR
times referred to as the Woodruff-Randolph area.'; NIRN

A

e Bere £ T T
S e T s

L. Areas served by Wést Side streams tributary to Middle Utah
§ Section.

s I .
canppEeT e
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ae Woodruff Creek
b, Big Creek
¢. Randolph Creek
d. Otter Creek .

5. Middle Wyoming Section
Area served by canals diverting from Bear River between the
Utah-Wyoming State line below Randolph and the mouth of
Sublette Creek, comprising approxlmately 8,300 acres, 7

gaa Sombre 5§, We seF 16 /6 0

6. Lands served by streams tributary to Middle Wyoming Sectlon,\\

a. Twin Creek
B« Central Division

1., Lower Wyoming Section
Area served by canais diverting from Smiths;Fork and area
served by canals diverting from Bear River between the mouth
of Sublette Creek and the Wyoming-Idaho State line at Border,
comprising approximately 15,200 acres.\ _

2, lands served by streams tributary to Lower Wyoming Section,
a. Sublette Creek
b. Pine Creek
¢, Other small tributaries to Smiths Fork

3. Upper Idaho Section
Area served by canals diverting from Bear River between the
Wyoming-Idaho State line at Border and Stewart Dam, compris-
ing approximately 23,300 acres. _

- Ls Lands served by streams tributary to Upper Idaho Section,

a. Thomas Fork




C. Lower Division
All lands served by Bear River and tributaries below Stewart Dam

and including Bear lake.

PREVIOUS REPORT OF ENOINEERING COMMITTEE
In the report titled "Report of Engineering Committee to Bear River

K"
P
Cempact Commission""gzied June 15, 1949, determinatiens were made of sup-

plemental water supply needed by water users served by canals diverting
from the main stem of Bear River above Bear Lske for 1944, 1946, and 1947.
Two different methods of determination, designated as Plan MA" and Plan
"B" were used, These two plans and the supplemental requirements thereby

determined are as follows:

Plan As
1. Assumed seasonal requirement in acre-feet per acre for headgate

, a/delivery in each river section to be:

! d
pp;jlﬁ”.{-

{‘»{4 25
st T

Upper Wyoming Section, 2,80 acre-feet per acre (40,000 acres) ——
~ |Middle Utah Section, 3,00-acre-feet per acre (37,200 acres)
Middle Wyoming Section, 3:00 acre-feet per acre (8,300 acres)-

| Lower Wyoming Section, 3.20 acre-feet per acre (15,200 acres)”
Upper Idaho Section, 3.40-acre-feet per acre (23,300 acres) —
2. The type of crop pattern to be served shall be based on the in-

dicated average monthly percent of total seasonal diversions

~ o

(May to September) of the Lower Wyoming and Upper Idaho Sections
for 1944, 1946 and 1947. In those three years, the supply for
these sections for the most part, exceeded the demand. The
1945 season was omitted because of the effect of the abnormally
high precipitation which occurred during the irrigation season,

In general, this plan would serve a more diversified crop

pattern than now exists.




3.

L.

Plan B:

1,

2,

3

L.

R S ———— e

Distribution in Percent of Total Requirement

Month Percent of Total Requirement
—— """"""“"'Egjmmr"“

LA

April 0 o
May 20— i
June 30— 31
July 30~ 23
August 15 n
September S5~
Season 100

The division of natural flow waters during periods of low flow
ghall be as set forth in the tentative draft. o

Supplemental requirement to be deﬁermined only for the years
1944, 1946, and 194L7.

Assumed seasonal requirement to be that necessary to furnish en
estimated full diversion demand through July '39 in each year.

Type of crop pattern to be served shall be predominately wild hay

as now exists, Rate of diversion shall be limited to a maximum

of one cubic foot per second for each fifty acres. Patiern of
i " e - -

diversion shall begin May 1, follow actual diversion, until
maximim rate is reached, then continue at maximum rate until
July 31, after which canals would cut down to natural flow
supply for balance of season,

The present natural flow supply is assumed to correspond to the
division of natural flow waters as set forth in the tentative
draft.

Supplemental requirement to be determined only for the years
1944, 1946, and 1947.
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TABLE 1 L
///YVJ‘ /.
Summary of Supplemental Requirement e n
Acre-Feet P
PLAN A PIAN B
Section 1944 1946 1947 1944 1946 1947
Upper Wyoming 31,200 46,800 21,600 24,5820 47,220 23,300
Middle Utah 31,900 46,700 21,400 21,,820 47,220 23,300
Middle Wyoming 5,560 8,780 1,595 1,520 6,140 730
Lower Wyoming - -~1,520 <« 1,520 340 5,130 6,560 3,170
Upper Idaho 0_ 0 0 {1 0 0 0]

It §§~§gﬁpgjgagLj;nggngggf_phgse determinations are headggpgwgg-

quirements and do not take into account acreage limitations because of

available storage sites and return flows, Storage water return flows would

probably decrease the total requirement by asfmuch as 30 to 50 percent.
it et et

BUREAU OF RECLAMATION DIVERSION REQUIREMENT STUDIES
The Logan Project Office of the Bureau of Reclamation, in connection
with storage project investigations, has made consumptive use studies in

the basin, using the [owrr-Johnson pethod. These studies were based c¢n

climatological data available at various locations in the basin and would
be applicable to the lands in the general vicinity of the climatological
station, Table 2 shows the data furnished by the Bureau, summarizing these
Studies. It is to be kept in mind that the resultant figures shown in the
table are for an irrigation season extending from May through September, for

& more efficient class of irrigation than is currently practiced, and with

Canal losses of about 40 percent.
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TABLE 2
CONSUMPTIVE USE DATA BASED ON LOWRY-JOHNSON METHOD (a)
Clima- Growing Period Computed | Effec—~ Net [Monthly Distribution Percent of Total] Average
tological Consump, | tive Consmp., Requirement Divers,
Station Begin- | End- | Length Use Precip. Use Reagmt.
ing ing Days { af/ac Ft. af/ac (v)
Date Date Apr,| May |June [July|Aug.|Sept.|Oct, | af/ac
Evanston, Wyo. 5=29 9-20 115 1,61 022 1939 0 3 22 130 |29 (16 |0 2oLy //
Woodruff, Utah | 5-25 | 9-10| 109| 1.,60..| .19 lal-fo |4 | 2833 |29 | 9 |o 2.6
Lifton, Idaho 56 9-26 1L 1,90 oh3 Lo47 0 12 121 129 (27 {11 |0 2.5
Grace, Idaho 5=2 9=30 151 1.98 <40 1,58 2ol | 1001 | 15.4 272 254 1741| 2.4 2.8
Preston, Idaho 5-2 10-4 156 1,74 WAL 1.33 2e1 | 1146 15,8 2643| 24.7] 1649{2.6 32 -
Logan, Utah L4=7 10-31 208 1.90 .50 1.0 | 345110 |15 [24.5/23 {15 |9 3.3

(a) Data furnished by Bureau of Reclamation.

(b) Includes estimated conveyence losses and farm waste,

et



ACTUAL DIVERSIONS 1944 to 1947
1 é During the irrigation seasons in the water years 194k to 1947, dis-
charge records were obtained for all canals diverting from Bear River. In

addition, records were collected on Lower Wyoming and Upper Idaho canals in

£y P T S VT i - v s

1948 end the Middle Utah canals in 1950. The following tabulations show May,

to September monthly diversions in acre-feet per acre and percentage distri-

putions in river sections:

TABLE $

a—

Upper Wyoming Section Diversions - 39,600 acres
Acre-Feet per Acre

v

| Year May June July Aug.  Sept. Total
i 1954  0.39 0.93 0.57 .10 .05 2,08
: 1945 40 <99 Tl «27 .08 2.48
. 1946 .6k 91 .30 .09 Ol 1.98
; g 1947 <70 <93 +60 «23 14 2.60
P
}os ‘
Average .54 9L «55 17 .08 2.28 .
! 155D L

Sy Middle Utah Section Diversions ~ 37,200 acres
: ?’ Acre-Feet per Acre

' Year May June July Aug, Sept. Total
1944 0,97 1.25 b Kol .01 T 2,70 -

1914-5 1.02 1.20 058 12 g03 2/095

i 1946 .92 .86 .08 .02 .02 1670 7
] ‘ 19L|'7 1.13 1.12 -li-g 008 .05 25(;7 -
. 1950 .82 1.5k 59 .05 ,08 2,08 -

<
. . B
- i B ———
I3

Average .97 1.19 oy 06 Ol 2,70




TABLE 5

Middle Wyoming Section Diversions - 7,800 Acres

Acre-Feet per Acre
Year May June July Aug. Sept. Total
1945 1,29 2.09 .38 0 0 3.7
1947 1,17 145 0 0 0 2,62
1948 .98 1.01 01 0 0 2,00
Average 1,23 1.59 13 0 0 2495
TABLE 6

Lower Wyoming Section Diversions - 15,600 Acres
Acre-Feet per Acre

Yecar May June July Aug. Sept. Total
190k, 0.39 1442 1.36 0.69 055 Lo41
191+6 063 le69 1125 055 028 hoLFO '
1947 57 1.58 1.27 +T0 27 L.39
1948 62 2,00 1.30 .80 .60 5.32
Average .55 1,67 1.31 .70 40 Lo63
TABLE 7
Upper Idaho Section Diversions - 23,300 Acres
Acre-~Feet per Acre =
Year Vay June July Aug. Sep*. Toial
19l 092 1e24 63 37 +30 3245
1945 .61 1,13 .70 «31 o1l 2,89
1946 1A 1.22 6l 036 022 3,38
1947 .87 1,36 .55 .28 25 3.31
1548 .56 1,17 66 .35 .33 3,07

Averags 78 1,22 L6l .33 .25 3.22 —
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TABLE 8

Summary of Average Diversions
Acre-~Feet per Acre

Section May June July Aug. Sept. Total

Upper Wyo. 54 9L 55 .17 .08 2,28

Middle Utah .97 1,19 Al «06 Ol 2.70

Middle Wyo. 1‘23 1059 013 0 0 2095

Lower Wyo. 55 1,67 1.31 70 40 L.63

Upper Ida. 078 1.22 oé[; .33 .25 3.22
TABLE 9

Diversion Percentage by Months

Section May June July hug. Septe Total
Upver Wyo. 24 L1 24 8 3 100
Middle Utah 36 Lh 16 2 2 100
Middle Wyo. 42 5L L 0 0 100
Lower Wyoo 12— —-36 -~ 28 15 9 100
Upper idaho 24— 38 20 ‘10 - 8 i00

Tables 8 and 9 illustrate the pattermn of the water supnly avail-
able in each river.section; In the upper three se;tions; practically all of
the seasons runoff is concentrated in May and June and the supply usually
decreases very rapidly about July 1, As a result, these three sections divert
excessive amounts in May and June and suffer a deficiency thereafier, es-
pecially in July. In the lower two sections, the supply is more uni‘ormly
distributed throughout the irrigation season; because of the pectliar natural

contralled runoff characteristics of the Smiths Fork drainage.



CONSUMPTIVE USE STUDIES IN UPPER BEAR RIVER BASI
A study of stream flow depletions and consumptive use has been made
for the period May 1 to September 30 in 1944, 1946, 1947 and 1948 and pre-
gented in a report by the author titled "Stream Flow Depletlons and Con-

"‘ PR ' JJ"‘ -"'}’
/' / r
sumptive Use in Bear River Basin above Border, Wyomirig" dated Dec. 14, 1950,

I

determining Consumptive use, The derived equatlons and definitions of terms

used are as follows:

Equations
Upper Wyoming Section . —t
e ;
U-0855F,129o e o
) {/,rx ¢
Headgate eff1c1ency OOeff. = 0,52 Z £1:' R
] é \"nt‘- :
Middle Utah Section
= 0,614 F 4 9.06/ T

- ) ﬂ T )
Headgate eff1c1ency coeff, = 0,51 L//// /l/,,frélf“i

Definition of Terms

U = Consumptive use in inches depth of water from irrigation
and rainfall on cropped lands during the period May 1

to Sept. 30.

é&g = Sum of monthly use factors

109 = Sum of the products of the mean monthly temper-
atures and monthly percent of annual day time hecurs for
that portion of the "irrigation-grcwing pericdi between
the day following the end of extrems freezing or May 1,
whichever is the later and the day major irrigation
from Bear River source ceases plus 1/ days »r the day
of the first hard freeze, whichever is the earlier,

t = Monthly mean temperature in degrees Fahrenheit,

p = Monthly percent of daylight hours of the year,

Precipitation is assumed to be one~-hundred percent beneficial,

-10- A




A comparison of the total consumptive use and total water

applled in irrigation (headgate dlveg§1ons £ pre01p1tat10n

A s

e m——

_supply), indicated that total consum Etlve uselaveraged
about 50 percent of the water applied in irrigation. This
comparison expressed as a ratio is called the headgate

efficiency coefficient,.

These equatlons prov1de means for determining seasonal consumptive use

S PP e

for 1rr1gat10n periods of different lengths in the designated river sections

P

and should be reasonably appllcable to portions of each section as well as

the whole, With consumptive use known, the headgate irrigation requirement

D

can be computed after applying the efficiency coefficient and allowing for

precipitation, It is to be kept in mind that the derived equations of cone

sumptive use include other valley losses 1n addition to. losses from ir—

L ks 40 AL WA

rigated lands.— %f//é &rf..u Z// P J—
Native hay and grasses are the principal crops raised in the upper
division of the basin., This type of vegetation begins growing when extreme X

freezing ceases and is ready for harvesting late in July, For maximum growth,K

H

a full irrigation supply is needed from about May 1 to mid-July. The aver-

et von——

8ge seasonal consumptive use and irrigation water requirement can be deter-
mined by substituting average monthly values of temperature and precipitation f
in the equations, Climatological data at Evanston, Wyoming will serve for |
the Upper Wyoming Section and like data at WOodruff; Utah will serve for

the Middie Wyoming Sections. Consumptive use in the Middle Wyoming Section

should be practically the same as that for the Middle Utah Section,




e

Average Temperature and Precipitation Data

PN

TABLE 10

Monthly Mean Temperatures and Precipitation - Evanston, Wyoming

Month Temperature Precipitation
OF Inches

May 46.8 1.36

June 53.9 1,00 (2372
July 62.2 96
August 60.7 1.10
September 52.4 1.01

TABLE 11

Monthly Mean Temperatures and Precipitation - Woodruff, Utah

Month Temperature Precipitation
v Op Inches
June 5449 85y 2.7
July 61.8 .8
August 60.1 .98
September 51.5 87
#5¢
TABLE 12

Monthly Percent of Daytime Hours of the Year

Month Daytime Hours

Monthly Percent
Ma.y 1.00]1} ; O
June 0.2 > , 4,
July 10,35 ( &7\
August 9.62 ' 7
September 8.0 ~ *

- —e

Computation of Consumptive Use and Headgate Requirement

A full water supply from May 1 to mid-July-is needed for the type

gfil?ps common in the.upper basin areas. The definition of "irrigation-

,,,,, P

8&rowing period" specifies that 14 days is to be added to the irrigation
Period in determining the consumptive use factor. For all practical purposes,
the irrigation-growing period would then be from May 1 to July 31 and the




factor determined for this period. Application of equations by sections is

as follows:

Z’ é/;/ ‘,*“/,,m,gAf{Z,(/

e - et
Oé/'; .

U = 0,855 F £ 2.90 i funt Pt
U= °°§,5/5 100, 2222 %30.21 £ 02:.2.210:32 4 2.
< 4

Upper Wyoming Section

o ridf)c

7"t

U= i7.l6 inches depth per acre “ = /25, /n;[“

——.

e ——

Headgate efficiency coefficient ;- 0.52' e

Precipitation May 1 to Sept. 30 = 5.43 inches

Headgate Requirement = %? - 5443 = 27,57 inches depth

- per acre
=/ 2.30_ ic.,-ft., per acre

Middle Utah and Middle Wyoming Sections
U = 0,614 F £ 9.06
: U= 0,61 /L3 X10:14 # 5he9 x 10,21 # 61,8 x 10,35 ] oo
Gl‘(}au' ,."7‘5‘-‘- L Al '] - It *
U= Q%BB}inches depth per acre —  2.C (ncks d{
Headgate efficiency coefficient = 0,51 P b
/
Precipitation May 1 to Sept. 30 = 4,56 inches K

H ad 't, R i t = l - 8 - 2
eadgate Requiremen .-?_5%. - 4.56 = 33,4 inches depth

per acre
= @c.—ft. per acre
lower Wyoming and Upper Idaho Sections
In the consumptive use study it was impossible to determine equations
o §  for the Lower Wyoming and Upper Idaho Sections because the gaging stations
' had not been operated at all control points necessary for the determination
N | of total inflows and total outflows. However, it is believed that because

of tvp_e of crops grown and a better sustained seasonal distribution of water

Supply, that these two sections will have greater consumptive use than found

for the upstream sections.
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A EZCOMMENDLD METHOD
DETERMINING HEADGATE IRE%GATION WATER REQUIREMENT
A review of the previously described conéumptive use and water reqﬁire-
ment determinations places some doubt on the reliasbility of the equations in

supplying a reasonably exact answer of the amount of water needed in an aver-

age year to meet crop requirements. The Lowry-Johnson method is for delivery

of water May to September. The Blaney-CriddleﬁéQuations used] show consumptive

——

use Mey to September, but with the factor computed on g much shorter irriga=.

tion-growing.pericd. In the latter method, water use and return flows, after
- »,,,.»// e e

major irrigation ends, may have large effect on the factor "K" and/or the

headgate efficiency coefficient.

If in the Blaney-Criddle method the consumptive use, consumptive use

factor, and headgate efficiency—gggfficient were all restricted to the ir-
rigation-growing period, there should result a more accurate and usable
determination. In the years 1944, 1945 and 1950, the water supplies were
adequate and the pattern of irrigation closely coincides with that thought
to be needed for the Middle Utah Section. This section can therefore be
used as a basis for deriving constants in the Blaney-Criddle equation.

There are 44,000 acres irrigated between Woodruff Narrows and the Randolph
control line from/ﬁear River and the West Side creeksJ In the tabulations on
Pages 18, 19, and 20, the data and derived constants are shown for the years

1944, 1945 and 1950. The "irrigation-growing" period is from May 1 to July 31.
_The "irrig R

3  Application of irrigation water begins May 1 and ends in mid-July, A1l quanti-

g b . At DR o

tigs &re in acre-feet unless otherwise noted. On Plates 1, 2, and 3, pages

~ e

L e S s —.

15, 16, and 17, are shown the hydrographs of Bear River at Woodruff Narrows
and the total Bear River diversions for the years under study. An examination
of these hydrographs show how the water supply and pattern of total diversions

matehes that believed necessary for all years,

i~
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1944 Determination - Middle Utah Section

Total Inflow May June July - Total
; Bear River near Woodruff 64,260 59,390 12,150 135,800
Woodruff Creek 8,518 3,656 .. 976 13,150
Big Creek 938 520 110 1,868
Randolph Creek 100 340 475 915
Otter Creek 750 720 740 2,200

Total Inflow 74,556 64,626 14,751 1»5,3,’933
Total Outflow

Bear River near Randolph 45,350  43,660- 8,670 97,680

B.Q. West Side at Control Line 4,859 3,760 545 9,164
Total Outflow 50,209 47,420 9,215 106,844
Depletion (Inflow minus Outflow) 24,347. 17,206 5,536 17,089 .

Water Applied in Irrigation

Bear River 31,157 42,758 -  16,519——90,434
Tributaries 10,2963 5 ,236% 2,601%  -318,1
- ERIR S
Total B1,453 47,994 19,120 i68‘567
# Taken total Inflow from tributaries. )Q[f' 5.
hi/ e Grea fer Thave Ffis prceess e o siAaon //"*) Wirkhm Sec Yy
Precipitation at #oodruff (inches) o 76 241 «87 L4404 -
Precipitation Supply cres 2,780 8,830 3,190 14,800
n D o oy
Total Consumptive Use (Dep. £ Precip.) 27,127 26,036 8,726 61,889
. f‘_’\/y_“—r'\
g Total Consumptive Use Ac.-Ft. per Ac. 62 .59 20 \\]l'.[:,l ,
| - Total Consumptive Use inches Aper"“l__qutfe Tk Tel 2.4 @'
¥ay  Jume  July  Total
' Monthly Mean Temperature °F (t) L8.6 52,4 60,6 -
] Monthly Percent of Daytime Hours (p) 10,14 10,21 10,35 -
: ‘ Y 72
“ Honthly Con. Use Factor /- ha% 5.35 f
lOO : .
— : 7'/,/; ;s oent Vdr‘/ﬂd !
U=KFOI'K=’_J_ R rcv u}»ruu B
F ’ f*r
Vs, L. N ﬂ:/ .
K= 16,9 = 1,02 - O pedidie y . o "
16357 e e e
" Kep 1w K= oy 7 ' :
eadgate efficlency coefficient = 61,889 '7’/50 Y
108,567 # 14,800 { ~ T .77
-18- fog %7! /

2yt




1945 Determination -~ Middle Utah Section

Total Inflow May June July Total
Bear River near Woodruff- . 37,470 36,480 10,140 84,090
Woodruff Creek . ~7,395 5,185 1,346 13,926
Big Creek 665 729 472 1,866
Randolph Creek 201 243 297 741
Otter Creek 740 720 740 2,200

Total Inflow 46,471 43,357 12,995 102,823
Total Outflow
Bear River near Randolph 13,630 22,860 6,610 43,100

B.Q. West Side at Control Line 4,959 3,659 687 9,305
Total Outflow 18,589 26,519 7,297 52,405
Depletion (Inflow minus Outflow) 27,882 16,838 5,698 50,418

Water Applied in Irrigation

Bear River 33,225 41,135 20,962 95,322

Tributaries . : —9-00} - 2;856%- -18;733%
fobewas Fributery F10erscons  TIIGLT T5C5L T oes 23, 53e
Total 42,226 48,012 23,817
¥ Taken as total inflow from tributaries. /1%, 854
Precipitation at Woodruff (inches) 1.57 1.37 1.37 L3l
Precipitation Supply on 44,000 Acres 5,750 5,020 5,020 15,790

~ Total Consumptive Use (Dep. # Precip.) 33,632 21,858 10,718 66,208

Total Consumptive Use Ac.-Ft. Per Ac, 76 «50 o2 @
Total Consumptive Use inches per Acre 9.1 6.0 2.9
‘ May June July Total
" Monthly Mean Temperature °F (t) L84 50,2 62,5 -
Monthly Percent of Daytime Hrs. (p) 10,14 10.21 10.35 -
Monthly Consumptive Use Factor /% x L.91 5,13 647 16,51
/_ 100
U=KForK=y
F
K =180 <
16,51 09 N
Headgate efficiency coefficient = - 66,208 - ‘G—ﬁ ‘, ¢
TiF5;055 f 15,790 NG ' 77
!1\&;@&{ _ L e

~19-




195C Determination - Middle Utali Section

Total Inflow May June July Total
Bear River near Woodruff 67,380 86,210 15,600 169,190
Woodruff Creek 18,920 12,390 2,826 34,136
Big Creek 5,270 3,560 2,480 11,310
Randolph Creek 211 370 290 8N
\ Otter Creek 1,230 1,070 922 3,222
Total Inflow 93,011 103,600 22,118 218,729
Total Outflow
Bear River near Randolph 68,990 74,390 13,400 156,780
B.Q. West Side at Control Line 4,798 6,660 1,600 13,058
Total Outflow 73,788 81,050 15,000 169,838
Depletion (Inflow minus Outflow) 19,223 22,550 7,118 48,891
Water Applied in Irrigation
Bear River 25,512 50,840 20,350 96,702
Tributaries --10,000%\ 10,000%* 5, 700% 25, 700%
Total 35,512 60,840 26,050 122,402
# Estimated
i Precipitation at Woodruff (inches) 1.34 .51 .80 - 2,65
gt | Precipitation Supply on 44,000 Acrce 4,910 1,870 2,930 9,710
’ .. Total Consumptive Use (Deps # Precip.) 24,133 24,420 10,048 58,601
Total Consumptive Use Ac.-Ft. Per Ac, - 55 +55 «23 @
Total Consumptive Use inches per Ac. 6.6 6,6 2.8 (16,0
SR , May June July Total
chth],v Mean Temperature OF (t) L2,3 52.0 57.6 -
Nonthly Percent of Daytime Hrs. (p) 10.14 10,21 10.35 -
” 5,31 5,96  15.56

Monthly Consumptive Use Factor /L x £ 7 429
100_/

UzKForK=y
F

K = 16,0

15,56

Headgate efficiency coefficient = 8,601 o ,1,,1,
; e 7 5

= 1.03

-20-
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. Summary of Derived Constants, Efficiency Factors
and Recommended Values ]
! S

Total Consumptive - ) Headgate
Year Use Ac.-Ft. per Acre Constant "K"  efficiency coefficient
1944 le4l 1,02 50 - -
1945 1,50 1.09 I
1950 1033 - 1003 .bl& (L

The pattern of water supply and use for 1945 was not as ideal as in
the other two years, which would affect the constant "K" and consequently
jts derivation for that year should be discounted to some degree, Because
of excessive supplies in 1950 more than usual amounts were believed diverted
from t he tributaries, which resulted in a low efficiency coefficient, It
is felt that the efficiency factor for 1944 and 1945 are nearer a correct

value,
The following values are recommended for use in determining water re-

quirements for average years:

o

'*/ ﬂ//z g Lo
K = 1’19—3/ 7 aJ

~— ,
Headgate efficiency coefficien

In Tables 10, 11, and 12, on Page 12, are shown the mean monthly tem-
ratures, precipitation and other data for Woodruff. Substituting these
Ues with the recommended constants and headgate efficiency coefficient,
;'3“lts in the following determination of average'}:onsumptive use and average

gate requirement for the Woodruff-Randolph area,

-2l



i T

U = KF
K =1.,03

Headgate e.fficiency coefficient = 0,50

U= 1.031/'!'z 3 x 10,12 ! 54,9 x 10,21 £ 61.8 % 10 35/7
100 100 100

7;(._ ' ///fr‘r,.f‘ / i S . e s
U= 17.3 inches depth per/hcre ‘ e TR
£

Precipitaiion May 1 to July 31 = 2.7 inches

Headgate requirement = 17,3 =~ 2.7 } >
.50 - f\. !

31.9 inches depth per acre
= 2,66 acre-feet per acre 1
_/
This headgate requirement ﬁas dg%gfalned to be 2,78 acre-feet per
/

acre by the other derived equation (see page 13).

Since the results obtained by both methods are practically the same,
|t can be assumed that the equation derived for the Upper Wyoming Section,

, /L
n the report "Stream Flow Deplétions and Consumptive Use," would also re-

;t in a reliable determination for that section,
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SUPPLEMENTAL STORAGE REQUIREMEINTS OF UPPER WYOMING SECTION

In a prev1ous report by the author tltled "Available Water Supplies
and Potential Reserv01r Sites above Bear Lake," dated‘ZZly 6, 1951, the
Hilliard Reservoir with a maximum capacity of 10,000 acre-feet was'listed
as the only apparent storage ng§i§i}ity_for the Upper Wyoming Section.

e ——— TTTTr— . ¢

About 15,000 acres of the 31,800 acres (excludes Chapman Canal lands in Utah)

irrigated from the main stem of the river in this section are situated below

this reservoir site. This 15,000 acres includes all lands (except Chapman

By
VIO SRS

Canal lands in Utah), irrigated from the river between Myers Narrows and

3%; Woodruff Narrowsi
: A streaT flow gaging station, Bear River above Sulphur Creek near
;Evanston, was installed in Myers Narrows in October 1946 and records are
.Available since that date, Priority of rights have never been enforeed and
 the recorded flow at this station would represent the maximum natural flow {
supply available for lands below the Narrows after the maximum amount of
storage exchange were effected should priorifies be enforced, The deficiehcy
this supply in fulfilling headgate requirements,ltaking»into account return
dows, would be a measure for the supplemental storage required sofar as a
ervoir at the Hilliard site is concerned.
‘ On Page 13 it was computed that 2.3 acre-feet per acre és the average
gate requirement for delivery of a full water supply betwéen May 1 and
15 in the Upper Wyoming Section. It could be expected that the average
irement above Myers Narrows would be less than the average and the re-
ent below Myers Narrows would be greater than the average. It is es-
ted that(%ZEchre-feet per acre would be a safe figure to use for the -
i Y acres flocated below Myers Narrows and on this basis the requirement
Jul? 15 for 15,000 acres would be 37,500 acre-feet, The monthly
N 2 A

) T\ff1 S We L %4
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average distribution of 37,500 acre-feet as indicated by diversion records,

would be approximately as follows:

Mean Daily
Month Acre-Feet Second-Feet
May 11,400 185 —
June 17,800 300 - 227
July 1-15 8,300 . 280 - v

This distribution is graphically shown by the hydrograph on Plate 4,
page 2Le

. Because of the large part return flows play-in-filling total headgate

requirements, 1t 1s 1mp0551b1e to compute mathematically the total flow of

new supply required at Myers Narrows to fill total headgate requlrements

”for all canals diverting from the main stem of the river Jbetween Myers Nar-

(3 T

_rows and Woodruff Narrowse- However, with information available, this‘new

" supply can be approximat.ely determined, The following general rule is in-

dicated by depletion studies:

/;
Depletion = Inflow - Outflow -
or :
"Inflow - Depletion = Outflow

If outflow is reduced to a point approaching zero, then

e
—~

<Inflow = Depletion

Previous comput,ation have indicated that . I pirq M Inus pre e,
ﬁe//arffu.s +precye = f p,uer.muw + 3 '

Depletlon =1/2 water applie

( appronmat ely)

Therefore: 4/ T yte ko £ ra s
f(ﬂ Do tge = F1 o avt ¢

Inflow = ]./2 water applied (approximately)

P
From this general relation and a careful study of the hydrographs of

-25- o
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and above the actual discharge hydrograph would represent the amount of sup-
plemental storage required to meet the sections total headgate requirement.

Records are only available at Myers Narrows since October 1946 and
it is desired to extend the study to include the years 192L to 1948} The
relation of daily discharges at the Bear River above Sulphur Creek (Myers
Narrows) gaging station and the discharges at the Bear River near Evanston
gaging station may be used in extending the record. Shown on Plates 5, 6
and 7, pages 26, 27 and 28, are hydrographs of these two stations with the
Myers Narrows estimated required flow hydrograph superimposed thereon,

The three year comparison indicates that the supply as measured at
the upper station is jg‘to %9 second-feet more than the supply as measured
at the Evanston station. By decreasing the required flow of the Myers Nar-
rows hydrograph by about LO second~feet, an adjustment would be effected
whereby the Bear River near Evanston hydrograph would give practically the
same storage requirement as the Myers Narrows hyﬂrograph. This has been

done on Plates 13 to 37, neges MU %o 65, by using the area between bottom

© dashed line and the Evanston hydrograph in determining the storage require-

ment, The follewing tabulation shows computed annual storage requirement in

: & reservoir at the Hilliard site as determined by the above described method:

(See table 13, next page)




TABLE 13

: Water Year - Storage Required ,.c/ci:=
; Fnding Sept. 30 at Hilliard S
; : acre-~feet A

1924

395
' 771926
1927
1928
1929
1930
1931
1932
1933
1934
1935
1935
1937
1938 o0t
1939 /fﬁaa/yﬁp /4/, &, "
1940 }f;dp,k‘iq

: I %gﬁé plan 4 A S
3 : 1943

1944~ 3,200 — 24 Fuo . 0- < %o
1945 s S o
1945+ 26,800 — +7 200 |(h,600 % Feo
1G47 - 2/, 600 ~ 23,2460 O _ o .
_198 OO N
P e Z, 7350 L oo e O S

Note:- Above figures do not include space réquire-
ment for evaporation loss,

Fer W.s Be bween 474/5 é
Tom dra AL ARrrvdsS

deoa/ oz 2 /é%é/ A;e’d/ja/tz '/'t’ﬁdu/emog)/’
l
o” z, S wcre - /e/ /J/ Rer—e— |
A AU B
74 e o .
/950 N~ S R < SR
//7’[; ! [ ,,\‘;.,,,,‘kg S ,.! R ’ —
sz 7 ) J )
/&5,3 . b2 : Y P
v L7 L2220 ~f ~
| I
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SUPPLEMENT STORAGE REQUIREMENT
‘MIDDLE UTAH AND MIEBEE WYOMING SECTION
A reservoir at Woodruff Narrows would serve both the Mlddle Utah and
Middle Wyoming sections. Approximately(égfzo acres zj; irrigated in the
Middle Utah Section and 7 SOd%;c;eéware irrigated in the Middle Wyoming
Section. The principal éQurce of water supply for these lands, totalling

45,000 acres, is the water passing Woodruff Narrows,
e

On Pages 13 and 22, it was computed that the average headgate require-
ment for crop needs between May 1 and July 31, was about 2,7 acre-feet per
acre, At thls rate the 45,000 acres need a total of 121,500 acre-feet
(headgate diversions) hetween May 1 and July 15. A study of average season-

al demand distribution indicates the seasonal delivery would be distributed

about as follows:

Average Flow

Month Acre-Feet in Second-Feet
May 1-20 25,800 — 7/ | 650"
May 21-31 19,700 ¢ 900
June 1-30 53, 600 — a+ 900
July 1-15 22,590 ’7 750

This distribution is graphlcally shown on Plate 9, page 33.

A study of the discharge required at Woodruff Narrows in order to meet
headgate deliveries was made using the 1944 to 1947 stream flow records,
This study took'into account return flows, location of points of diversion,

and probable natural gains in the reach. The hydrograph of the estimated

- required flow at Woodruff Narrows is shown on Page 33, While & good portion

. °f this hydrograph is based on an evaluation of observed data and knowledge

of the stream's characteristics, it is believed that it furnishes a reason-

@ble foundation on which to determine supplemental storage needed for these

vt“O Sections,




N - . - - S 1 [ AR B T
t o B IR I o R T B B CALTIE SN T R — g e e e - R
. ; -
d |
i i , _
T h '
32 e TH ;
ot =HH = :
v 44 RS S e :
" e i :
8oy i 3
pig 1 W
- t .,
TI.MMV > . m
; SEep :
i G
huny g
i 3
i i Q
i N}
7]
: 3 Q
: — )
% q
w i
. |

MOYHYN |
Wt

T

-
i

PN SPBa RS AOFN
S PORSSUIIN

+
D R
JETRNDA I &

SRR LI A

S 01§

(HIDNVYHE SIDHUN0SAR WILVYAN) AZAXNS IVDIDOOTTIOID




A gaging station, "Bear River near Woodruff," was established in Wood-
ruff Narrows in April, 1942, If the hydrograph of required flow at Woodruff
Narrows (Page 33), is superimposed on the hydrographs of this gaging stetion,
the area lying below the estimated required flow hydrograph and above the
actual discharge hydrograph, would represent the amount of supplemental stor-
age required to meet the section's total headgate requirement. On Plates 38
to UL, pages 66 to 72, the cross-hatched areas show the computed storage for
the water years 1942 to 1948,

To extend this storage requirement study through the years l92§7to

% 1941, the records of discharge at the Bear River near Evanston gaging station

may be utilized, Hydrographs for a number of years of the Woodruff and Evan- |
? ston gaging stations were plotted and it was found that the Evanston record
3 was quite similar, but there was not indicated a consistent average correc-

tion which could be applied to the requirement hydrograph. However, it is

believed reasonable to assume that like years of runoff pattern, during the
storage delivery period, will have like corrections which can be applied to
the storable requirement as computed from t he Evanston record to show the
equivalent requirement at Woodruff Narrows, The estimated required flow at
" Woodruff Narrows hydrograph was superimposed on the Bear River near Evanston
: hydrograph, Plates 13 to 37, pages 41 to 65, and the cross-hatched areas

planimetered, These quantities are unadjusted figures of the Woodruff re-

Quirement., The cross-hatched areas were then matched as nearly as possible
with the years of duplicate record and approximate corrections applied to the
Unadjusted Evanston hydrograph determinations to produce the estimated re-

Quirement at Woodruff Narrows, The actual planimetered quantities and es~

imated quantities are shown in the following Tables

R — PR ST e TR
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TABLE 14
Water Year Annual Storagse Anmual Storage
Ending Sept. 30 Requirement based Requirement basged
on Evanston station on Woodruff station
Acre~Feet Acre-Feet -
1924 26,400- —~—28,000% 2500
1925 8,400 IL,000% /5 000
1926 21,400 —24,000% /500
1927 7,000 . 9000* Qo000
1928 17,600 20,000% /5000
- S . o
2 AN /g S0
1931 . 56,400 — T60,000% 55,00
1932 5,200 \ 000" 7 oo
1933 16,000 %,000.* /8.500
‘ 1934 75,600 — X, 000% S50
1635 112000 JQ,OOO* /3, 500
1336 16,400 20,000% /5 000
1937 19,200 22,000% 20 000
: 1938 ;Sz?/ﬁv)(, /»/aﬂl-’/{/a j< ~10,400 - - { 14, Q000 /Zog0
, 1939 et A% 40,200 =4, 0008, o0
' 140 “ute iy g 38,800  F ATTU3,000F 59000
Ll .5 %AW 3 L0 g0
1942~ £ 2L T 000 2T 13, 700
1943 6,200 R A 10,200 v 5.0
W9Uy-3, 700 — 24,500 2,800 7, 4 ~73,200 S 200
1945 3,000 7 #° 5,000 © = z00
LB 7ol = FATTITR2,000 57| — J23,0005: 20,900
1947 -2, goo — 23,390 2,600 e - ~[:h.000 ‘ 4,600
1948 : 23,600 ' 74?" 26,000 | 23,700
* Estimated from Evenston station as explaindd in’bext. = ) e
A R 173\ 2 Zoay~ spy-sf

-

%’4?4’@ ’7’,/ = z’7&h/‘;§/4¢kc_~
Al oy RETES - M1 ESlE w’/zér & Lrwdr

w ’ Voo -3
N s ec
f) i ~ /7%9 @, 300 5,000

1956 | J 002 s o0

S oo /eS| G200 £ 200
5 EER 4, 000 4, 0

1953 | 41, 200 % 300
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COMBINED TOTAL STORAGE REQUIREMENTS AT AND
ABOVE WOODRUFF NARROWS AND COMPARISON
WITH STORABLE SUPPLIES
In the report on available storable supplies above Bear Lake, it was
‘ pointed out that irrigation storage requirements and reservoir storage
capacities for reservoirs above Woodruff Narrows must bet aken into account
in considering storage requirements and capacities for a reservoir at Wood-

. ruff Narrows, This should also take into account return flows from upstream

- irrigation with storage water and evaporation losses from the reservoirs,

It is indicated from the requirements of the 15,000 acres above Wood-

ruff Narrows that the probable capacity of a reservoir at the Hilliard site
' 5///&470 s Cgeesrent st Are oot by /7’ o £ Fhis zwer

. would be about 5,000 acre~-feet. Return flows from the Gpplication of this

storage which reach Woodruff Narrows would add somewhat to the water availe-
'éﬁle at that point. However, in short water years this amount would probably
1 ét be very large and consequently, it may be disregarded in this study. |
1 The evaporation from the reservoirs should be taken into account and ;
ed to the supplemental storage requirement in arriving at the total storé

e capacity required, However, it should be kept in mind that such evapor?
i . 1

fich of the land which would be flooded. Such losses to the river system

S

may possibly be as large as the evaporation from the prospective reservoir;.

The prcbable evaporation rate from reservoirs at Woecdru€i Marrows can ff;
be computed from the Weather Bureau land pan located at Lifton, Jdaho by ;
8Pplying the proper coefficients. ?
Under the considered plan of storage, the reservoirs will be at full t

Pacity on April 30 of each year and storage would be all applied before

gf end of July, Additional space should therefore be provided in the




?,4 wemn - o - amegy e s € e otk S ENIREIE
yreservolrs to offset evaporation losses in May, June and July, For ap-
proximate computation purposes, precipitation during this period scan be «
regarded and the reservoir area for full capacity used, An examination o
Plates 8 and 10 indicate that approximately_ézggg_acre-feet would be the
probable capacity needed at Hilliard and 891999§acre—feet the probable
capacit& at Waodruff,

Total monthly evaporation averages from the land pan at Lifton are
May 6.52 inches, June 7,61 inches, and July 9.27 inches. This totals 23,40
inches for the three months, The two reservoirs under consideration are at

an elevation about 1,000 feet higher than Lifton, which introduces an al-

"~ titude coefficient of about 90 percent, The evaporation pan to lake co-

efficient is about 70 percent. Applying the coefficients to this *total re-

sults in a net figure of 14.8 inches., The water surface area of Hilliard

. Reservoir for 5,000 acre-feet is about 500 acres, The water surface area of

Woodruff Narrows reservoir for 20,000 acre-feet is about 1,700 acres, Hil-

ard Reservoir evaporation loss would require é§§)ggze-feet of reservoir

tpacity and the Woodruff Narrows Reservoir would requig.cre-feet

) space for evaporation loss,

| In Table 15 page 39, are shown the supplemental storage requirements
‘?and storable supplies at and above Woodruff Narrows, These are graphically
represented on Plates 11 and 12, pageshoiénd hl.- These graphs of require-
hents and available suppliee indicate the maximum limitation of the feasible
j‘énd economically beneficial storage capacity needed sofar as storage at and

above Woodruff Narrows is concerned,
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frpaet BT
TABLE 15

STORAGE REQUIREMENTS AND AVAILABLE SUPPLIES
AT AND ABOVE WOODRUFF NARROWS

Total
Annual Reserveir Storage

Annual Storage Evaporation Space at Storable Storable

Water Storage Rqmt, loss & Above Supply Supply
Year Rqmt . Middle Utah May to July Woodruff Oct.l to Oct.l to

Ending Upper Wyo. & Middle Wyo.. (a) Narrows Apr.l5 Apr.30
Sept.30 Acre~Feet Acre~Feet Acre~Feet Acre~Feet Acre-Feet Acre-Feet

1924 5,000 28,000 2,700 35,700 64,500 78,200

1925 0 11,000 2 2700 13,700 22,500 37,000

1926 2,800 24,000 “2.700 29,500 47,000 63,300

1927 400 11,000 2,700 14,100 25,LC0 38,400

1928 1,600 20,000 2,700 24,300 50,700 62,200

1929 0 5,000 2,700 7,700 29,500 47,100

1930 3,000 20,000 2,700 25,700 41,400 54,800

1931 6,600 60,000 2,700 69,300 L0,600 L5,200°

1932 4,00 8,000 2,700 11,100 28,400 41,400

1933 3,000 20,000 2,700 25,700 22,300 30,500

: 1934 14,200 80,000 2,700 96,900 17,300 2b,600

; 1935 . 1,600 15,000 2,700 19,300 16,200 22,900
. 1936 2,000 20,000 2,700 2k, 700 12,7700 L3,L00°

3 1937 1,200 22,000 2,700 25,900 30,900 55,600

. 1938 1,000 14,000 2,700 17,700 27,500 50,300

1939 4,400 144,,000 - 2,700 51,100 41,100 52,800

1940 8,600 43,000 - 2,700 54,300 17,200 23,400

1941 400 11,000 2,700 14,100 2L, 100 28,200

1942 2,200 15,200 2,700 20,100~ 50,700 63,700

1943 200 10,200 2,700 13,100 31,600 49,500

- 1944 0 3,200 2,700 5,900 30,600 44,000

1945 0 5,400 2,700 8,100 24,100 38,400

1946 4,600 23,200 2,700 30,500 45,800 Ti,L00

1947 -0 4,000 2,700 6,700 4,9,4C0 57,400

- 1948 4,400 _g§l999§ 2,700 33,100 35,100 63,400
A 2,20Q - @LFc0 z7e0 2[00 47,527

(a) Estimated on basis of Hilliard Reservoir 5,000 acre-feet and
Wbodruff Narrows Reservoir 20,000 acre-fect,
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SUPPIEMENTAL STORAGE REQUIREM'™ "
in
CENTRAL DIVISION

Smiths Fork is the principal reliable source - ' watsr supply for the
Lower Wyoming and Upper Idaho sectlons, The flow cf th.s stream is, to a
remarkable extent; naturally regulated by the geoclogiczal character of its
drainage area, The summer flow of the stream is principally from springs
which are fed from many small lakes scattered over the headwaters,

It is to be noted on Page 5, under Plan A and Plan B, that only
relatively small amounts of storage was needed, A study was made to extend
records of this stream through the years 1924 to 1941, It was impossible
to obtain sufficiently consistent results by stream flow correlation with
other neighboring drainage areas having long time stream flow records, on
which to base a storage requirement study. On the basis of stream flow
records that are available only since 1942, it is believed that there would
be 1ittle need for supplemental storage except in drought years such as
1931, 1934 and 1940, However, if the compact should placeL;mtensive 1imi -
tations on use {n the lower Wyoming Section, there may be need for a moderate
amount of supplemental storage by a few of the canals having late dated
priorities,

On Thomas Fork there has been some agitaticn for supplemental ctorage,

Time available for the preparation of tnis report has not permittod an

investigation of the needs of this stream,
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