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INTRODUCTION

As a result of meetings with the various water users and the Court in con-

nection with the distribution of water on the Duchesne River System, the State

Engineer at the request of the parties agreed to undertake an investigation of

irrigation return flow on this System. The quantity of water returned to the

River System.tg-.4*"+€f the diversion and use of water for irrigation pur-

poses is one aspect of the broader question of duty of water which is a part of

the statutory adjudication proceedings pending in this area. At the time this

study was undertaken, the State Engineer advised the parties and the Court that

because of budgetary and personnel limitations he would oniy be able to under-

take a limited study of return flow on the Duchesne River System. It was further
dq. *o

pointed out that beea*se*ef the above limitaiions it would be necessary to conduct

this study over several years rather than attempting to do a comprehensive evalu-

ation of return florv in one irrigation season.

The results of the State Engineer's investigation are summarized below. How-

ever, the State Engineer realizes the rather techn'ical nature of the data and the

fact that some bf the information obtained does not particular'ly lend itself to a

narrative description, and thus is willing to meet with the parties and review

the results of his investigation in detail.

Another aspect associated with this problem is the loss of water frorn the

major canals in this area. The State Engineer realized that because of staff limi-
tations he would not be able to obtain all of the data which he desired on canal
'losses in the Duchesne River System. In an effort to develop additional data

for the benefit of the parties, the State Engineer requested that the U.S. Geologica]

Survey (USGS), as a part of its cooperative program wjth the State Engineer,s

'rri 
ce ' undertake a canal l t:t".t',:lJ r3l"t:illl iill*:, ll.lhl:ruff.u;*, rjl.t jlx*

has been completed, coveri,s';";H:ti"j;i;n#tb'"'#ilRi$;"tfihf3jh:"JiltH#' 
n-'t'r-

(- i.

'\" J('tntf



were made available to the parties at the Hearing on distribution held before the

Court on August 9,1978. Additional copies may be obtained from the State'Engineer,s

0ffice. The information developed in the UrSrESr study should bs rcd,ia cgniunction

with the information set forth below.

STATE ENGINEER'S INVESTIGATION

The obiective of the State Engineer's investigation regarding return flow to

the Duchesne River System was to examine the current irrigation practice on the Sys-

tem and to determine what portion of the water diverted for irrigation purposes is

not consumptively used and thus reappears in the River as return flow. In an at-

tempt to answer this question the State Engineer's investigation was directed towards

making field measurements of streamflow and canal diversions. to determine that por-

tion of the irrigation diversions that is return flow to the River. A series of

measurements were made durjng 7974 and 1977 and the results are presented in this

report.

After ana'lyzing these measurements, it was believed that they do in fact indi-

cate that substantial quantities of the water diverted for irrigation purposes is

return flow to the River. However, there were a number of unknown factors that could

not be measured directly, such as ground-water inflow, ungaged surface runoff and

losses to phreatophytes. Therefore, it was felt that perhaps a computgtr model of

the river system would be he'lpfu'l in determing these factors. The State Engineer

developed a computptr model for three various reaches of the river and the results

of these models is presented in the following sections.

In this report a number of terms are used and the following is a definition

of these terms.

Consumptive Use - Consumptive use, often called evapo-transpiration, is

the amount of water used by the vegetative growth of a given area in transpiration

and bui'lding of plant tissue and that evaporated from adjacent soi1, and includes



effective precipitation used by the crops. Expressed as acre feet per acre or depth

in feet.

Potential Return Flow - The quantity of water represented by the difference

between the irrigation diversions minus the crop consumptive use. All or a portion

of these may actually be return flow to the system.

Return Flow - That portion of the irrigation diversions that actually returns

to the river system.



Streamflow and Cana'l Dfversfon Measurements

During 1974 and 1977 the State Engineer made a number of streamflow and canal

diversion measurenpnts on. the Duchesne River i-n an attempt to determine irrigation
return flow to the River. Table 1 presents a summary of these measurements and a

complete listing is contained in Appendix A.

For the purpose of these measurements the River was divided into hydrologic

reaches, (1) Hanna - Tabiona reach; 12) Tabiona - Utahn reachl and (3) Utah- Myton

reach. The measurements made in 1974 covered the area from Hanna to Myton and the

1.977 measurements were made only in the Hanna - Tabiona area.

As can be seen from Table 1 there are substantial quantities of water that are

either surface and ground water inflow or irrigation return fJow to the Duchesne River.

The largest gains are seen in the Hanna - Tabiona and Utahn = Myton reaches, with

the Tabiona - Utahn reach showing the smaliest gain. From these measurements it is
appareni that a significant portion of the water diverted for irrigation purposes

does get back to the river as retur'n flow. However, in analyzing these field measure-

ments it was not possible to determine what portion of the measured gain was the

result of irrigation return flow or was ungaged surface water and/or ground water

inflow. Therefore, it was felt that a computer model wouJd be of great assistance

in determining and identifying that portion of the gain(s) that is the result of

irrigation return flow.



(i Table L - Summary of streamflow and canal diversion measurements, Duchesne River

REACH/DATE

Hanna-Tabi ona

July 17-18, I974
August 28-29, 1974
Sept. 29-30, 1977
Oct. 6-7, 1977

Tabi ona-Utahn

Ju'ly 17-18, 1974
August 28-29, L974

Utahn-Myton

July 17-18, L974
August 28-29, L974

(1)
INFLOhl

260
127

587
444

(2)
DI VERS ION

206
tL7
65
74

(3)
OUTFLOI,I

(4)
GAIN/LOSS

(Col. 1-2-3)

LT2
65
38
57

102
66
58
62

193
92

151
43

66
54

633
527

196
118
85
79

-1
19

197
126

C



Duchesne River Model

The Duchesne River computer modeJ was developed for the purpose of determin-

ing what porti.on of the water diverted for irrigation purposes is return flow to

the River. The model used a water budget approach, on a monthly basis, and took into

consideration the following items: (t) Surface and ground water inflow; (2) Canal

diversionsi (3) Consumptive Uset (4) Irrigation return flowi and (5) Surface water

outfl ow.

The Duchesne River was divided into three reaches as shown in figure 1, based

upon hydro)ogic characteristics,-'location of stream gaging-stations, and canal diver-

sions. The three reaches are described below.

Hanna - Tabiona Reach, Located from the Duchesne River near Hanna and

West Fork Duchesne River near Hanna gaging-stations downstream to the

Duchesne River near Tabiona gaging-station.

Tabiona - Duchesne Reach, Located from the Duchesne River near Tabiona

gaging-station downstream to the Duchesne River at Duchesne gaging-station.

Duchesne - Myton Reach, Located from the Duchesne River at Duchesne

gaging-station downstream to the Duchesne River at Myton gaging-station.

For each of the above three reaches a computlr model was developed using a

water budget approach. The measured stream inflow was taken from the U.S. Geological

Survey (USCS) streamflow records and the ungaged surface and ground-water inflow

was derived by the model. The canal diversions were obtained from the Duchesne

River Commissioner's Reports. In the Commissioner's reports it lists daily and monthly

diversions for some of the canals and yearly diversions for the others. To deter-

mine the monthly diversions for all of the canals and ditches in a reach, the

percentage of each months diversion to the total annual diversion was computed for \

those canals which had month'ly diversions recorcled. These monthly percentages were

then applied to the annual diversions of the other canals and ditches in that reach.

The consumptive use figure for the irrigated acreage was calcu'lated usinq the modi-
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fied Blaney-Criddle method and the consumptive use for phreatophytes was determined

by the model. The outflow for each reach was obtained from USGS streamflow measure-

ments.

The basic concept used in the developnent of the model (s) was to describe the

hydrologjc system using mathematical equations and using data, for a number of years,

of the measured streamflow and canal diversions. l^lith this data the model would cal-

culate the outflow for the reach and then by comparing the calculated outflow to the

actual measured outflow the model was calibrated. This calibration process determined

which factors for such items as ground-water inflow, return flow and ungaged surface
bcrl Jc*.,:b'! l1+< tYs*^

runoff urer{ad*+herffi. After a number of computer runs it was possible to determine

which factors would result in the calculated outflow nearly equaling the measured out-

flow. The figures for return flow as determined by the model could be the result of

conveyance losses in the canals, surface runoff from the fields and/or deep perco-

lation below the root zone. No attempt was made to have the model identify which

of these may have been the source of the return flow because of the many unknowns.

A flow diagram showing the general concept of the model is si-,cwfn in figure Z.

Records for'a nurnber of the gaging-stations on the Duchesne River and its tribu-

taries are available for a limited period of time and the t'ime period selected for

the model(s) was dependent upon the availability of records at several stations.

This resulted in relative'ly short periods of time be'ing examined and they may or may

not represent long-terrn conditions. Figure -l show the annual flow of the Duchesne

River near Tabiona gaging-station for the period 1920 - 79, corrected for diversions
giree lt6{

through the Duchesne Tunnel. Also shown is the average annual flow for the period

of record examined in'uhe models. This provides an indication of how the period

used in the models compares to the long-term conditions. It appears that the water

supply in the years examined is generalty ;;;;H;"tan. tong-term average.

In a study of this nature, there are a number of assumptions that must be

made in describing the physical characteristics of the river system. Hololever, if
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care is taken in developing the model(s) the results obtained from it are very rep-

resentative of the system being examined. It is felt that the models developed for

this study do accurately reflect the actual situation that exists on the Duchesne

River, for the period of record used in the model(s).

A method used to determine the re'liability of the model is to compute the co-

efficient of correlation which is a mathematical expression of the degree of associ-

ation of two variables and in this case the two variables are the calculated and measured

ouiflow. The coefficient of correlation of the annual measured and calculated out-

flow were computed for the models developed for the Duchesne River and are shown in

Figurel ES*"d= . The coefficient of corre-lation can range between 0 and 1.00,

which 0 indicating no correlation and 1.00 indicating a perfect corelation. Genera'l1y

in water resource related work a coefficient of correlation of at least 0"8 is recom-

mended. As can be seen from the figures, the coefficient of correlation for the

Duchesne River models range from.77 to l.sofor annual values. Thus, indicating that

the reliability of the models appears to be very good.

In the tables which present the results of the models the figures listed should

be considered approximations of the various factors shown. Generally it is believed

that average monthly or annual values indicated are within about a ten percent range.

The figures listed in tablesZ and 3 are the result of averaging the values over

the period of record examined. Thus, a]though the computer shows the various values

to the last decimal place it should be realized that they are relative values, i.e.
257 " 260, 25,493 :'25,500.

The following sections contain a discussion of the models for each of the three

reaches and the results obtained from them, concerning irrigation return flow to the

Duchesne River.
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Hanna-Tabiona Reach

The Hanna-Tabiona Reach covers the upper portion of the Duchesne River System.

The measured inflow into the reach consists of the streamflow as measurpd at th.

Duchesne River near Hanna, West Fork Duchesne River near Hanna and Wolf Creek above

Rhoades Canyon near Hanna gaging-stations. In addition, this reach also receives

inflow from a number of small ungaged streams, ground-water inflow and several large

springs. The measured streamflow at the Duchesne River near Tabiona gaging-station

was used as outflow for this reach.

There are 25 canals or ditches which divert water for irrigation purposes wi-

thin this reach, an'&the'largelt "J#{'ure Rhoades, Farm Creek, Jasper Pike and Tab-

by Canals. The canal diversions are generally typified by high diversion rates dur-

ing the spring runoff months (May, June and early July) and then as the river flow

decreases and the diversions are regulated by the Corrnissfoner the canal diversion

rates decrease significantly. Rhoades canal divertc water in the upper portion of

the reach and it is reported to experience high conveyance losses. As a result, the

diversions and potential return flow from Rhoades Canal ffitexamined separately from

the other canals in the reach because it was felt that the high canal Josses would

greatly influence the return flow figures for this reach.

The period of record used for the model was from 1954 to 1963. This period was

selected because of the availability of streamflow records at the desired locations.

Diversions through the Duchesne Tunnel began in 0ctober, 1953 and thus if records

were used prior to this time, it would require that the records be modified to reflect

similar conditions.

The results of the Hanna-Tabiona Reach model is summarized in Table Z and

represent the average for the 1954 to 1963 period. In addition, table lists the

distribution of return flow for the month the water was diverted and subsueguent

months fo'llowing the diversion. In effect, the model indicated that the return flow



from dtversfons fi one month wou'ld occur over a ttrree to four month period. This

appears to be the result of the tfme required for the water to percolate down through

the root zone or soi:l and flpw back to the River. Therefore, the return flow, for

examp'1e the month of August, is affected by the diversions of the proceeding months.

The mode'l indicated that for the Rhoades Cana'l the return flow was approximately

85 percent of the diversions into the canal. Concerning the occurrence or timing of

the return flow,'about 81 percent of the month'ly potenttal return fJow occurred in

the month i* was diverted,'I7- percent the following month, and 1 percent tqo months
\

after it was diverted - 
- _rL\ ?q7" W*Etu,*'o

For the other canals in the reach,-about 22 percent of the total cana'l diversions

was estimated to be return flow to the River. 0f the monthly potential return flow,

about 55 percent occurred in the month it was diverted, 14 percent the following month,

14 percent two months after it was diverted and 12 percent returned three months later.

To help i-llustrate the occurrence of return flow,-as predicted from the mude1,

the following examp'le concern'ing the other canals (excluding Rhoades Canal) is presen-

ted. For the month of Ju1y, the average return flow is shown to be about 3,820 acre-

feet- This 3,820 acre-feet is the result of return fJow from diversions in the months

of April through July in the following quantities: April - 20 acre-feet; May - 910

acre-feet; June - 1,060 acre-feet; and July - 1,830 acre-feet-

. The average annual streamflow at the Duchesne River near Tabiona gaging-station

for 1954-63 was measured to be about 104,900 and the calcu"lated flow from the model

vras about 104,700 acre-feet. Thus, indicating that the model does accurately de-
2

scrilFqfthe physica-l situation in this reach.

It should be noted that the average diversion of water per acre of land irri-
gated (duty of water) is relatively high and thus explains the high percentage of

return flow. In the Duchesne River Conmfssioner's reports from 1954-63,--.the duty

of water for the four largest canals in the reach (Rhoades, Farm Creek,-'Jasper, Pike



and Tabby combined) af,s3gnd @t*$!.1pre-fe€t ger acre.

was reduced,

assuming that

then the percentage of

other factors remained

return flow would show

basically the same.

If the quantity of water

a comesponding decrease,
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Tabiona-Duchesne Reach

' The Tabiona-Duchesne Reach covers approximately a 18 mile segment of the Duchesne

River from the gagting-station near Tabiona downstream to the town of Duchesne. Rock

Creek flows into the Duchesne River in this Reach. The peri.od of record used for the

model was October 1963 to December 1969 and was selected because of the avai'labi'lity

of streamflow records at the desired gaging-stations.

There are 12 canals/ditches which divert water for imigation purposes in this
, o{ ',,'l;Jreach and the largert ean+le are the Pioneer, Murray-White and Rocky Point Cana'ls.

The Rocky Pofnt Cana'l serves land located within and be1ow this reach and an estimate

of the water di'verted to those'lands located below the reach was made.

The average annual irrigation diversions for the peri.od of record examined was

about 17,900 acre-feet and the model indicated that about 9,200 acre-feet or 51 per-
4a*d 5

cent, was return flow to the River. Tablecdl presents a summary of the results of

the Tabiona-Duchesne Reach model. The monthly and annual calculated outflow compared

to the rneasured flow is generally very good, except for the month of November which

has a 1.2 percent difference. This is perhaps the result of diversf,ons being made

during early November of some years but were not reported by the Conrnissioner.

The month'ly occurrence of return flow as indicated by the model is somewhat dif-

ferent than that for the Hanna-Tab'iona reach. For this reach approximately 30 per-

cent of the potential return f.low was return flow in the month it was diverted, 50

percent the following month, 6 percent two months later and 5 percent three months

later. Table shows the quantity of monthly return flow and its occurrence.
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Table 6 - Listing of the monthly ocqurrence of
return flow as a percentage of the potential returiFfrr the Duchesne River System

OCCURRENCE OF RETURN FLOW Y
Month of 1st Month 2nd Month 3rd Month 4th Month total ?/

REACH Diversion After Div., After Div., After Div., After Div.,

Hanna-Tabi ona

Rhoades Canal 82% 18% 0 0 0 L00%

0ther Canals 56 15 13.7% 17% .5% 96.2%

Tabiona-Duchesnezs5623187
Duchesne-Myton

!ff,e percentagles listed are of the potential return flow as a result of irrigation
di versi ons.

4m" tota'l percentage'is ,return flow divided by potential return flow and does ,tA
not equal 100 percent as a result of the accuracy of the model, perhaps losses to
phreatophytes, or ungaged flow past gage


