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EFFECT OF FLOW DIVERSION FOR IRRIGATION
ON PEAK RATES OF RUNOFF FROM WATERSHEDS
IN AND NEAR THE ROCKY MOUNTAIN FOOTHILLS OF COLORADO

RICHARD A. SCHLEUSENER (*) GEORGE L. SMITH (**)
and MING CHENG CHEN (***)
Engineering Research Colorado State University Fort Collins, Colorado

ATHMCSE .. TZIINCE
ABSTRACT CABORA T w.v¢ LowencCTION

An investigation was made to determine the effect of flow diversions for irrigation on the magnitude
and frequency of peak rates of runoff from sclected small watersheds in the Rocky Mountain Foothills
in Colorado. A study of seven watersheds smalier than 1,000 square mules indicates that the cffect of
flow diversion on peak rates of runoff is probably neghigible for those watersheds for which peak rates
of runoff are caused by rainstorms. Esidence indicates that flow diversions probably become significant
for watersheds of 1,000 square miles or more for which snowmelt is a significant contributing factor in
producing peak rates of flow.

INTRODUCTION

The effect of flow diversion for irrigation on magnitude and frequency of peak rates of
runoff has not yet been definitcly established. An investigation was made of this problem
for selected small watersheds in the Rocky Mountain Foothills in Colorado and in the region
of the High Plains of Colorado adjacent to the Rocky Mountain Foothills. The watersheds
studied are considered representative of the conditions under which there is not only a short
supply but also a great demand for irrigation water.

Procedure

One of the reasons that fittle is known of the effect of flow diversions on peak rates of
runoff is that most of the basic data are available only in unpublished form — as records of
the various Water Commissioners which are on file in the office of the State Engincer. After
consulting with the Chief Hydrographer from the office of the State Engineer of Colorado,
it was concluded that the quality and quantity of records was adequate 10 justify detailed
analyses of only a limited number of watersheds. The watersheds selected for study are given
in Table 1.

The records maintained in the Water Commissioners’ Field Books on file in the State
Engincer’s office include the following information:

1. The daily diversion rate,

2, The first and last date water was used for irrigation,

3. Toual days water was diverted,

4. Total volume of water used,

5. TIrrigated area, and

6. Dates of the water decrecs.

Additional data, such as the names and locations of ditches, the method of operation
of the irrigation system, and the location and types of measuring devices, were obtained from
individual Water Commissioncrs.

*)  Associate Professor of Civil Engincering. Colorado State Umniversity, Fort Collins, Colorado

{**) Assistant Professor of Civil Engincering, Colorado State University, Fort Collins, Colorado

(***) Engincer, Ammann and Whithey Company, New-York, N.Y.: formerly Rescarch Assistant,
Colorado State Umversity, Fort Collins, Colorado
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The momentary maximum discharge for each water ycar and the date of its occurrence
for each station was compiled from Wate: Supply Papers of the U.S. Geological Survey.

The time of flow into each ditch that would produce an effect on the peak rates of runoff
was determined by plotting the hydrograph of the gaging station for an isolated storm. Fig. |
shows that the time required for runoff from an isolated storm to travel from the headwater
to the gaging station, both for Cherry Creck and Fountain Creek, is less than 24 hours. There-
fore the diversion data were computed as of the date of maximum peak flows, without any
adjustment for travel time from the diversion point to the gaging station.
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Fig. 1 — Hydrographs of isolated storms on watersheds of Cherry and Fountain Creek showing trave
time from hcadwater to gauging station.
Results

The summation of flow diversions from the streams by all ditches or canals and the
evaluation of these diversions as a percentage of the peak flow on the same date arc given
in Tables 2, 3 and 4.

Table 2 shows that in 18 out of 20 cascs the total of all diversions for irrigation from
Fountain Creek above Pueblo were less than three (3) per cent of the annual maximum peak
flows. Only for the two lowest peak flows were flow diversions greater than ten (10) per cent
of the annual maximum peak flows. Hence the effect of flow diversion for irrigation on peak
flows may be neglected.

Tables 3 and 4 show that in all cases the total flow diversion for irrigation from Cherry
Creek at two locations were also less than three (3) per cent of the annual maximum peak
flows. Likewise, the limited sample of Table $ shows that 8 out of 10 cases were less than
10 per cent. The two highest percentages (for 1939 and 1951) were for low-flow years,
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TABLE 2

Summation of diversions for irrigation and/or storage from Fountain Creck above Pueblo asa
Jraction of the annual maximum peak rates of runoff

Station i Fountain Creek at Pueblo, Colorado
: Annual Maximum { Summary of Diversion for Irrigation
Peak Flow
Water Year |

| Rate cfs : Date ' Total in . Percent of

! ! cfs Peak Flow

i —_—

| ;
1958 ; 3,75 Aug. 5 97.5 2.60
1957 i 6,180 . May 15 : 9i.0 1.47
1956 : 5,250 : Aug. 18 ' 4.5 * 0.66
1955 ; 11,500 Aug. 6 _ 72,3 0.63
1954 H 5,800 Aug. 6 : 258 ) 0.45
1953 i 3,730 Aug. 16 , 65.0 I 1.74
1952 | 5,170 Aug. 28 z 729 1.41
1951 11,600 : July 30 ; 579 0.50
1950 9600 | July28 | 117.2 1.22
1949 1,590 June § | 184.0 11.58
1948 ! 9,290 f June 12 i 142.7 [.54
1947 ! 5,880 ! July 8 86.9 1.48
1946 16,000 I Aug. 26 193.4 1.17
1945 17,800 ! July 10 112.0 0.63
1944 12,900 : Aug 4 117.5 091
1943 324 ! May 22 168.1 52.00
1942 11,000 Aug. 14 128.0 1.17
1935 35,000 May 30 99.6 0.28
1925 2,500 July 19 84.5 338
1924 12,000 l Oct. 3 47.0 0.39

Since Cherry Creek and Fountain Creek are intermittent streams, most of the peak rates
of runofl were probably caused by intense storms which gave higher rates of flow than the
rate of flow used for orrigation. This hypothesis is substantiated by two facts: (1) Fifieen out
of nincteen maximum annual events occurred during the summer scason when irrigation
demands are normally the highest; and (2) the summer season is the period of intense storms
of short duration.

A plot of the annual maximum peak rates of runoff vs diversions expressed as per cent
of peak flow for watersheds smalicr than 1000 square miles is given in Fig. 2. A similar plot
for watersheds larger than 1000 square miles is given in Fig. 3. Both figures show that the
smaller the peak flow, the greater the effect of flow diversion.

Flow diversions for irrigation, in per cent of pcak rates of runoff, are given in Table 1.
The maximum effect was 150 per cent for the St. Vrain Creek at the mouth near Platteville.
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i STATION DRAINAGE _AREA
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Fig. 2 — Flow diversion for irrigation and/or storage as a per cent of maximum annual peak flow for
watersheds less than 1000 sq. mi. in Rocky Mountain Foothills of Colorado.
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Fig. 3 — Flow diversions for irrigation and ‘or storage as a per cent of maximum peak flow for water-
sheds greater than 1000 sq. mi. in Rocky Mountain Foothills of Colorado.

57



TABLE 3

Summation of diversion fo, irrigation and or storage from Cherry Creek above Melvinasa fraction
of the annual maximum peak rates of runoff’

Station Cherry Creek near Melvin, Colorado
Annual maximum peak flow Summary of diversion for irrigation
Water year », i

Rate : Date Total in . Per cent of peak

cfs : : cfs ( flow
1958 5.290 . July 18 6.5 0.13
1957 9,950 ' July 26 23.5 0.24
1956 5,310 i July 31 { 10.2 0.19
1955 4,510 Aug. § . 2.7 0.06
1954 611 Aug. 13 | 2.0 0.33
1953 1,670 Aug. 27 J 2.0 % 0.12
1952 321 Aug. 29 i 0 i 0
1951 1,040 Aug. 22 : 0 1 ]
1950 1,450 July 25 0 ; 0
1949 1,420 June 13 10.4 ! 0.73
1948 3,760 May 30 1.7 , 0.21
1947 1,790 Mar. I8 3.5 a 0.20
1946 17,600 July 18 i 11.5 : 0.06
1945 10,700 Aug. § 11.8 0.11
1944 1,380 July 9 8.4 : 0.61
1943 3,580 Aug. 4 8.0 0.22
1942 2,220 Aug. 3 : 6.5 0.29
1941 2.390 July 14 6.0 ; 0.25
1940 4,500 Sept. 6 05 0.01

Only for this station and for the Cache la Poudre River at Greeley were the median flow
diversions for irrigation larger than five (5) per cent.

Discussion

Table 1 shows differences in the amounts of flow diversions for irrigation and storage
with changes in agricultural land use. Diversions for irrigation or for storage in reservoirs
from the St. Vrain at Lyons and from the Cache la Poudre near Fort Collins are negligible
as compared to gaging stations located a short distance downstream. For example, between
Lyons and Platteville on the St, Vrain River the amount of irrigable land increases 460 per
cent from 20,000 acres to 112,000 acres, and the amount of reservoir storage 840 per cent
from 5,000 acte feet 10 46.900 acre feet (127 (*). Likewisc between the mouth of the canyon
and Greeley on the Cache la Poudre River the amount of irrigable land increases 3,100 per

(*) Numbers theses refero in parent appended regerences.



TABLE 4

Summation of diversion for irrigation andjor storage from Cherry Creek above Franktown as
a fraction of the annual maximum peak rates of runoff

Station ' Cherry Creek near Franktown, Colorado
H P
Annual maximum peak Summation of diversion
flow for irrigation
Water year i
; Rate ; Date . Total in * Per cent of
] cfs i . cfs ‘1 Peak flow
i l : !
1958 152 Feb. 18 3.7 224
1957 5,380 : July 30 9.9 : 0.19
1956 3,380 July 31 3.7 ! 0.11
1955 790 Aug. § 2.7 ; 0.34
1954 2,620 Aug. 7 20 ! 0.08
1953 455 Aug. 16 20 ' 0.44
1952 1,350 Aug. 28 0 0
1951 81 Aug. 3 0 0
1950 146 July 27 0 0
1949 1,080 June 13 37 0.34
1948 1,220 : Mar. 23 0 0
1947 928 ' Mar. 18 0.5 0.05
1946 1,470 Aug. 24 5.5 0.37
1945 9,170 Aug. § 2.2 . 0.03
1944 390 July 12 44 1.15
1943 : 198 : June 28 1.7 i 0.86
1942 3,620 Mar, 13 1.0 0.03
1941 4,700 July 13 0.5 0
1940 ‘ 2,000 June 6 27 0.13

cent from 700 acres to 225,000 acres and the amount of reservoir storage 410 per cent from
31,800 acre feet to 161,162 acre foet (1-2.3),

The percentage of flow diversion from the Cache la Poudre at Greeley and from the
St. Vrain at Platteville are higher than for the other watersheds listed in Table 1. The
probable reasons for this are: (@) snowmelt is a major cause of annual peak flows, (b) land area
suitable for irrigation is large, and (¢) the numerous ofl-stream storage reservoirs are filled
at this time,

With the exception of these two gauging stations, no appreciable error would result from
ignoring the effect of flow diversions for irrigation on peak ratcs of runoff for the watersheds
studied.
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TABLE 5

Summation of diversions for irrigation andlor storage from bear Creek above Sheridan as a
fraction of the annual maximum peak rates of runoff

Station ; Bear Creek near Sheridan, Colorado
i
Annual maximum peak Summation of diversion
flow! ! for irrigation
Water Year o o _l i

Rate Date Total in ] Percent of

cfs ; cfs peak flow
1957 f 25600 | Aug 21 97 3,79
1955 1 1,170 C o Aug U 100 0.86
1951 60 ; June 3 57 95.002
1950 1,510 : June 16 73 4.84
1949 1,800 June § 23 1.28
1947 1,010 June 22 12 1.19
1945 : 1,410 Aug. 20 ! 66 4.69
1942 1 1,600 April 19 ‘ 25 ! 1.56
1939 141 April 16 ) 60 42.50%
1938 2,810 Sept. 2 96 3.42

CoNCLUSIONS

1. There is no significant effect of diversions for irrigation on peak rates of runoff for
watersheds less than 1000 square miles in the Rocky Mountain Foothills of Colorado for
which the primary causes of floods are rainstorms.

2. Flow diversions for irrigation become more significant for watersheds greater than
1000 square miles in the Rocky Mountain Foothills for which snowmelt is a primary cause
of annual peak rates of runoff.

3. These conclusions are considered probably applicable to adjacent similar areas in
Wyoming and New Mexico, in which there is a heavy demand for irrigation and/or storage
water.
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