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REPORT ON THE FEASmn.ITY OF 
PROVIDING INSTREAM FLOW IN LA BARGE CREEK 

INSTREAM FLOW SEG:MENT NO. 1 
TEMPORARY FILING NO. 27 3/146 

Wyoming Water Development Commission 
October, 1992 

I. SUMMARY 

The Wyoming Water Development Commission (WWDC) is required by W.S. 41-3-1004 

(a) to determine the feasibility of providing various amounts of unappropriated direct flow of 

water for instream uses within stream segments requested by the Wyoming Game and Fish 

Department (WGFD). For La Barge Creek, WWDC contracted with Western Water 

Consultants, Inc. (WWC) of Laramie, Wyoming to prepare the technical study. WGFD has 

requested a direct flow water right for purposes of providing instream flow for fisheries in a 

segment of La Barge Creek. The amount of the flow requested is 17 cubic feet per second (cfs) 

for one period of the year: October 1 through March 31; and 25 cfs for each of two periods of 

the year: April 1 through Iune 30, and Iuly 1 through September 30. The segment is called the 

La Barge Creek Instream Flow Segment Number 1 and is defined by an upstream point located 

at the confluence of La Barge Creek and Turkey Creek in Section 24, Township 28 North, 

Range 116 West and a downstream point located at the U.S. Forest Service boundary in Section 

1, Township 27 North, Range 116 West, all in Lincoln County, Wyoming. The segment has 

a stream length of 3.3 miles and its location is shown on Figure 1. 
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Mean monthly flow, dry year flow, and daily flow exceedence analyses were conducted 

without consideration of adjudicated and unadjudicated diversion rights because the amounts are 

insignificant to the analysis. The mean monthly flow analysis shows that on the average for La 

Barge Creek at the lower end of the proposed Instream Flow Segment No.1, the requested flow 

of 17 cfs for the period of October 1 through March 31 is available for all the months except 

December when the average flow is 15.3 cfs, and the flow of 25 cfs requested for the periods 

of April 1 through June 30 and July 1 through September 30 is available. Daily flow 

exceedance analysis indicates that the requested flow of 17 cfs for the period of October 1 

through March 31 is available 50 % of the time, the requested flow of 25 cfs for the period of 

April 1 through June 30 is available 96 % of the time, and the requested flow of 25 cfs for the 

period of July 1 through September 30 is available 98% of the time. 
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ll. WATER RIGHTS 

Water rights upstream of the downstream end of the instream flow section are presented 

in Table 1. There is only one adjudicated diversion right appropriated for the La Barge G.S. 

Pipeline (permit No. 21216) for 0.02 cfs for domestic purposes. Due to its amount it was no 

considered in the analysis for the instream flow segment. 

There are three unadjudicated rights, two of which have expired due to noncompletion 

of the facility and one right for the La Barge Scaler Cabin Pipeline (permit No. 20807) for 

0.016 cfs for domestic purposes. The diversions requested under these permits are all small and 

were not considered in the analysis for the instream flow segment. 
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Permit 
Number 

DIRECfFLOW 
14246 
14247 
20807 

.A 
21216 

Proof 
Number Facilitl 

Milleson No.1 
Milleson No.2 
LaBarge Scaler Cabin Pipeline 

2S24S LaBarge G.S. Pipeline 

NOTE: • Use Description 
1 = Irrigation. based on 1 cfaflO acres 
2= Domestic 
3=Stock 
4 = Industrial 

TABLEt 

LISTING OF WATER RIGIITS ON 
LA BARGE CREEK 
Upstream of the Downstream End of 
Instream Flow Segment No.1 

Source 

Big FaU Creek 
La Barge Creek 
Scaler Cabin Spring 
LaBarge G.S. Spring 

Prioritl Date Amount 
Mo Dal Year {cra} 

7 20 1916 0.08 
7 17 1916 0.77 
7 S 19S1 0.016 
6 S 19S3 0.02 

•• A-Indicates diversion is above 
upper end of proposed 
Instream Flow Segment 

IN-Indicates diversion is within 
proposed Instream Flow Segment 

Diversion Location 
Acres Use· Status Sec. Two. Rnl· •• 

S.9 1 Exp. 1 27 116 IN 
S3.9 1 Exp. 1 27 116 IN 

2 Unadj. 10 28 116 A 
2 Adj. 7 29 116 IN 
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m. STREAMFLOW RECORDS 

Gaging stations on La Barge Creek and on similar drainage basins in the Wyoming Range 

are shown on Figure 2. Gaging stations considered for the analysis of flows on La Barge Creek 

are listed below. 

1. La Barge Creek near La Barge, Wyoming; Station Number 092090.00; 1932-
1939. 

2. La Barge Creek near Viola, Wyoming; Station Number 092085.00; 1913-1917, 
1941-1949. 

3. La Barge Creek above Viola, Wyoming; Station Number 092084.00; 1983-1984, 
1985-1991 irrigation season by SE~. 

4. La Barge Creek near La Barge Meadows, Wyoming; Station Number 092080.00; 
1941-1942, 1951-1981. 

5a. North Horse Creek at Sherman Ranger Station, Wyoming; Station Number 
091895.00; 1956-1974. 

Sb. North Horse Creek above Sherman Ranger Station, Wyoming; Station Number 
091894.95; 1983-1984, 1985-1991 irrigation season by SE~. 

The records for the two stations, 091894.95 and 091895.00, on North Horse Creek were 

combined into a single record due to the closeness of the gage sites. The drainage areas are 

42.80 and 43.00 square miles, so any differences in flow rates are insignificant. 

The mean monthly flow records for the gages utilized in the hydrologic analysis are 

included in this report. Flow records for 1983-1991 for LaBarge Creek above Viola and North 

Horse Creek are presented in Table 2. Table 3 presents the mean monthly flow record for 

North Horse Creek for the years 1955-1984 (the period for which records are available for the 

entire year) with statistical information shown at the bottom. 
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LA BARGE CREEK NR LA BARGE 
RANGER STATION, WY 
STATION NO. 092080 
DRAIN AREA 6.3 SQ. MI. 
1941-1942, 1951 -1981 

i BARGE CREEK NR LA BARGE, WY 
STATION NO. 092090 
DRAIN AREA 193.0 SQ. MI. 
1932-1939 
APPROX. 14 MI. DOWNSTREAM 

SOO'rH 

NORTH HORSE CREEK AT SHERMAN RANGER 
STATION, WY 
STATION NO. 091894.95 & 091895 
DRAIN AREA 42.8 & 43.0 SQ. MI. 
1983-1984, 1955-1975 

SOUTH HORSE CREEK NR MERNA, WY 
STATION NO. 091895.5 
DRAIN AREA 33.3 SQ. MI. 
1983-1985 

C'O.?7'a 
~OO.b 

~""--,f--~ SOUTH COnONWOOD CREEK 
NR BIG PINEY, WY 
STATION NO. 091913 
DRAIN AREA 21.4 SQ. MI. 
1983-1984 

NORTH PINEY CREEK AB APPERSON CREEK, 
NR MASON, WY 
STATION NO. 092054 
DRAIN AREA 29.6 SQ. MI. 
1983-1984 

NORTH PINEY CREEK NR MASON, WY 
STATION NO. 092055 
DRAIN AREA 58.0 SQ. MI. 
1915-1916, 1932-1972 

MIDDLE PINEY CREEK BELOW SOUTH FORK, 
NR BIG PINEY, WY 
STATION NO. 092060 
DRAIN AREA 34.29 SQ. MI. 

~~a 1939-1954 
~ 

._._., 
I 

r' 
~I a::.>-
el~ 

·0 

<i!1~ 
z'o 
Qlm 
~. 
zl 

._._._._._._ . .-1 

Z LA BARGE CREEK NR VIOLA, WY 
STATION NO. 092085 
DRAIN AREA 172.0 SQ. MI. 
1913-1917, 1941-1949 
APPROX. 7 MI. DOWNSTREAM 

MIDDLE PINEY CREEK NR BIG PINEY, WY 
STATION NO. 092070 
DRAIN AREA 46.0 SQ. MI. 
1915-1918,1931-1932 

SOUTH PINEY CREEK NR BIG PINEY, WY 
STATION NO. 092075 
DRAIN AREA 117.0 SQ. MI. 
1939-1943 

LA BARGE CREEK AB VIOLA, WY 
STATION NO. 092084 
DRAIN AREA 122.0 SQ. MI. 
1983-1984 

FIGURE 2 
GAGING ST A nON 
LOCATION MAP 
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TABLE 2 

MEAN MONTHLY STREAMFLOW DATA FOR GAGING 
STATIONS NEAR LA BARGE CREEK 

Units are cfs except for annual flow which is in acre-feet 

North Horse Creek at Sherman Ranger Station, WY 
Station No. 091894.95, Drainage Area = 42.85 sq mi 

Oct Nov Dec Jan Feb Mar Apr May June July Aug Sept Annual (AF) 

1983 26.6 17.0 9.0 8.7 7.6 9.0 14.2 169.0 469.0 109.0 21.5 9.9 52469 
1984 14.0 16.3 10.1 9.0 7.3 6.3 14.2 195.0 423.0 115.0 23.2 14.3 51152 
1985 173.0 27.9 7.9 7.9 
1986 233.0 747.0 100.0 11.0 8.9 
1987 312.0 67.5 21.0 11.5 8.0 
1988 320.0 171.0 16.4 3.1 2.6 
1989 288.0 349.0 42.8 7.3 4.1 
1990 143.0 254.0 25.3 5.2 4.6 
1991 191.4 379.9 36.8 9.4 5.6 

Mean 20.3 16.6 93 8.9 7.4 7.7 14.2 231.4 337.0 54.9 11.1 7.3 

La Barge Creek above Viola, WY 
Station No. 092084, Drainage Area = 121.6 sq mi 

Oct Nov Dec Jan Feb Mar April May June July Aug Sept Annual (AF) 

1983 69.2 46.8 40.2 43.9 41.8 44.8 54.5 259.0 540.0 226.0 104.0 79.6 93616 
1984 69.9 60.3 44.8 41.0 34.3 39.3 68.4 426.0 399.0 164.0 89.7 73.5 91463 
1985 303.0 81.3 48.4 53.0 
1986 196.0 92.0 
1987 167.0 228.0 122.0 80.4 59.4 49.5 
1988 251.3 164.5 69.1 47.2 43.0 
1989 47.0 47.0 162.0 89.0 51.0 
1990 156.6 176.9 200.1 98.2 56.2 50.6 
1991 146.8 243.8 92.3 56.1 50.s 

Mean 62.0 51.4 423 423 38.1 42:1 1283 255.9 261.6 1123 64.0 613 
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YEAR 

1955 

1956 
1957 
1958 
1959 

1960 

1961 

1962 
1963 
1964 
1965 

1966 

\0 1967 
1968 
1969 
1970 

1971 
1972 
1973 

1974 
1983 

1984 

#RECORDS 
MEAN 
STDDEV 
MIN 
MAX 

TABLE 3 

NORTH HORSE CREEK AT SHERMAN RANGER STATION 
Station No. 091894.95 and 091895.00, USGS Data 
Average Monthly Flow (cfs) 

OCTOBER NOVEMBER DECEMBER JANUARY FEBRUARY MARCH APRD.. MAY JUNE 

4.75 
5.07 

4.83 
4.59 
3.13 

12.43 

6.96 
14.19 
6.83 
5.16 

4.17 
9.36 
4.16 
7.67 
9.06 
7.75 
7.17 

13.04 

15.39 

7.90 
26.55 
14.05 

22 
8.83 
5.27 

3.13 

26.55 

3.46 

5.05 

4.81 
3.10 
6.01 
4.58 

6.11 
15.00 
4.54 
3.31 

4.97 
6.37 

4.93 
7.00 
7.61 
7.32 
7.51 
8.63 

10.04 

7.84 
17.03 

16.30 

22 
7.34 

3.90 

3.10 

17.03 

3.50 

4.50 
4.50 
2.50 
4.48 

4.25 
4.69 

8.00 
4.21 
3.11 
4.51 

7.02 
4.11 
7.53 
6.13 
5.64 
4.55 
6.13 

8.38 

5.96 
9.00 

10.08 

22 
.5.61 

1.94 

2.50 
10.08 

3.50 
4.00 

4.00 
2.50 
3.00 

4.01 
4.00 

8.65 

4.74 
2.83 
4.82 

6.63 
4.32 

8.14 

5.35 
2.71 
5.15 
6.19 

5.80 
4.61 
8.67 

8.98 

22 
5.12 
1.96 

2.50 

8.98 

3.50 
5.00 

3.80 

3.00 
3.46 

3.50 
4.30 

8.07 
4.93 
2.86 
5.49 

5.79 
3.11 

8.17 
4.68 
4.19 
5.95 
6.20 

4.38 
4.80 
7.56 
7.41 

22 
.5.01 

1.61 

2.86 

8.17 

6.00 

6.00 

3.93 
4.00 
5.81 

5.53 
5.23 
7.00 
5.52 
3.97 
4.06 

12.00 
2.84 

7.50 
4.82 
5.71 
6.60 
6.75 

4.55 
4.95 
8.95 
6.28 

22 
5.82 
1.91 

2.84 

12.00 

16.00 

17.55 

16.13 
8.00 

25.00 
25.71 
18.33 

45.67 

10.95 
5.97 

14.69 

44.73 
6.80 
6.29 

37.61 
9.95 

13.44 
22.81 

7.33 
30.30 
14.23 
14.21 

22 
21.44 

16.84 
5.97 

77.55 

226.97 

491.42 

205.10 
369.65 
108.13 

181.97 
264.77 
345.87 

258.29 
196.25 
200.74 
368.55 
174.23 
143.00 

421.32 
242.87 
354.35 
317.32 

292.35 

321.71 
169.23 

195.06 

22 
265.87 

95.75 

108.13 

491.42 

241.27 

539.50 
490.20 

227..53 
457.60 
233.57 

141.30 
381.73 

306.27 
436.87 

579.53 
171.37 
561.03 
420.87 
178.53 
519.57 

809.47 
710.70 

288.10 
650.80 
469.30 
422.53 

22 
422.62 
183.37 

141.30 

809.47 

JULY 

34.48 
46.77 
89.06 

22.94 
35.23 

24.28 

12.46 

51..58 
38.13 
85.35 

163.97 
24.24 

125.32 
54.81 

35.74 
67.48 

159.39 

125.39 

34.16 

75.97 
108.74 
114..55 

22 
69.55 

44.64 

12.46 

163.97 

AUGUST SEPTEMBER TOTAL(AF 

8.83 
7.58 

3.49 

7.72 
9.03 

6.39 
7.45 

10.90 

8.49 
12.47 

25.68 
5.81 

14.61 
20.19 

9.10 
11.09 
24.84 

20.26 
10.41 

13.20 
21.46 
23.23 

22 
12.83 

6.54 

3.49 

25.68 

4.20 
4.77 

6.85 

3.93 
7.41 

4.36 
17.45 
5.85 

12.21 
5.68 

1S.16 
7.28 
7.83 

10.24 
5.70 
9.64 
9.53 

13.11 

11.29 
6.48 
9.88 

14.27 

22 
8.78 
3.75 

3.93 

17.45 

33669 

72351 
50397 

40049 
40090 
30849 

29928 

54556 
40204 
46058 
61949 
40655 
55023 
42214 

44135 
.53857 
84870 

79309 

41907 

68351 
52475 
51119 

22 
50637 
14626 
29928 

84870 
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IV. HYDROLOGY 

A hydrologic analysis was conducted to estimate the flows at the downstream end of the 

proposed instream flow segment. The most reliable information to utilize is actual streamflow 

records for the stream being studied. For La Barge Creek this includes data collected at four 

gaging stations. For this analysis the first step was to examine the gaging station records. 

The four gaging stations on La Barge Creek are: 

TABLE 4 
GAGING STATIONS ON LA BARGE CREEK 

Station Station Drainage Area Period of Record 
Number Name (Sq. Miles) 

092090.00 La Barge Creek 193.00 1932-1939 
near La Barge 

092085.00 La Barge Creek 172.00 1913-1917 
near Viola 1941-1949 

092084.00 La Barge Creek 122.00 1983-1991 
above Viola 

092080.00 La Barge Creek Nr. 6.30 1941-1942 
La Barge Meadows 1951-1981 

Instream Flow Segment No.1 on La Barge Creek is between Stations 092084.00 and 

092080.00. Since the gaging stations below Viola (092090.00 and 092085.(0) are not as close 

to the instream flow segment, do not have long periods of record, and are influenced by 

diversions for irrigation, they were eliminated from consideration. Station 092080.00 has a long 

period of record and is above any diversion, however, it has a very small drainage area (6.30 

Sq. Mi.) compared to the instream flow segment (64.0 Sq. Mi.) and its period of record does 

not overlap other gaging stations. These problems make the records of limited value in 
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detennining flows at the instream flow segment. This leaves station 092084.00 as the best 

predictor for flows at the instream flow segment. 

Station 092084.00 is approximately 9 miles downstream from the instream flow segment. 

It is believed to be a good predictor of flows at the instream flow segment because there are no 

tributaries between the instream flow segment and the gaging station which contribute 

significantly to base flow. The difficulty with this gaging station is that the period of record is 

limited, especially for the winter months. Therefore, each month is treated differently depending 

on the amount of data available for that month. 

For the months of May through September the records are reasonably complete from 

1983 through 1991. This gives nine years of data which, if adjusted for the difference in 

drainage area and to long tenn trends, should yield a good predictor for flows at the downstream 

end of the instream flow segment. For the other months only 1983 and 1984 records are 

available. This short record period is much less reliable. 

For the area adjustment, the Handbook of AWlied Hydrology, Chow (1964), states the 

basin discharge can be related to some exponential of the drainage area. Typically the exponent 

ranges from 0.5 to 1.0. Cudworth (1989) states that an exponent of 0.5 should be utilized for 

short durations (less than 60 days). For La Barge Creek, an exponent of 0.5 was felt, to be 

appropriate for monthly analysis based on this information and the experience of the 

investigation. There are many large springs in the upper end of the basin which contribute to 

streamflow substantially more than the drainage area in the lower portions of the basin. 

Therefore the area adjustment for the gaging station to the instream flow segment yields: 

Adjustment Factor = (64 SQ., ML)o.s = 0.72 
(122 Sq. Mi.)o..s 
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The flow at the downstream end of the instream flow segment is typically 72 % of the 

flow at the gaging station. 

In order to determine how the flows during 1983-1991 compare with the long term 

average, that period was compared with a long-term average by two methods. First the only 

long term record for a Wyoming Range stream which overlaps this period is for the North Horse 

Creek station, so the La Barge Creek flows are compared to the recorded flows at that station. 

Second, the flow contribution from the Wyoming Range was calculated by subtracting the flow 

in the Green River at Warren Bridge (Station 09188S.OO) and the flow in the New Fork River 

near Big Piney (Station 0920S0.OO) from the flow in the Green River near La Barge (Station 

092094.(0). This is represented as: 

Wyoming Range Flow == Sta. 092094.00 - Sta. 0920S0.00 - Sta. 09188S.00 

These two methods yield the following adjustments: 

TABLES 
RATIO OF 1983-1991 FLOWS TO LONG TERM TRENDS 

Month N. Horse ek. Green River 

Oct. * 2.3 2.2 
Nov. * 1.8 1.9 
I>ec.* 2.4 2.0 
Jan. * 2.S 1.2 
Feb. * 2.0 1.3 
~.* 1.7 1.2 
Apr. * 0.42 1.3 
May 0.88(0.79*) 1.9(0.87*) 
Jun. 0.85 1.0 
Jul. 0.88 1.0 
Aug. 0.96 1.2 
Sep. 0.90 1.1 

* The 1983-1991 period only includes 1983 and 1984 for these data. 
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For adjustment of flow records to long term values, the Green River adjustment factors 

are believed to be more appropriate for the months of October through April. The period of 

record is longer and is less susceptible to abnormalities that may occur for one drainage. 

However, for the summer months there are irrigation withdrawals and return flow delays which 

make the Green River adjustment suspect. Therefore the North Horse Creek adjustment is 

utilized for the months of May through September. 

The average monthly flows calculated from the gaging records adjusted for drainage area 

and period of record are: 

TABLE 6 

ADJUSTMENT OF GAGING STATION RECORDS 

Month 

Oct. 
Nov. 
Dec. 
Jan. 
Feb. 
Mar. 
Apr. 
May 
Jun. 
Jul. 
Aug. 
Sep. 

Gage 
092084.00 
Average 
(cfs) 

69.6 
53.6 
42.5 
42.5 
38.1 
42.1 
128.5 
255.9 
261.6 
112.5 
64.0 
61.5 

Area 
Adjustment 

0.72 
0.72 
0.72 
0.72 
0.72 
0.72 
0.72 
0.72 
0.72 
0.72 
0.72 
0.72 

Long Term Estimated 
Adjustment Flow at Instream Flow 

segment (cis) 

1/2.2 22.8 
1/1.9 20.3 
1/2.0 15.3 
1/1.2 25.5 
1/1.3 21.1 
1/1.2 23.3 
1/1.3 71.2 
1/0.88 209.4 
1/0.85 221.6 
1/0.88 92.0 
1/0.96 48.0 
1/0.90 49.2 

Using these estimated average monthly flows, a long term record was generated using the long 

term record at North Horse Creek. Individual monthly flows were generated for La Barge 

Creek by adjusting the North Horse Creek monthly flows by the ratio of the LaBarge Creek long 

13 



term average flow to the North Horse Creek average flow. As can be seen, the predicted flow 

drops dramatically from October to September. This is the result of using two different methods 

for different periods of the year. Since there is considerably more data for September this is a 

much more reliable prediction. October average flows are most likely higher than presented by 

this analysis so the analysis is considered conservative (under predict average flow). 

14 
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v. :MEAN MONTHLY FLOW ANALYSIS 

The mean monthly generated flows for the downstream end of the instream flow segment 

are presented in Table 7. At the bottom of the table, 22-year mean flows are shown along with 

the standard deviation, minimum and maximum flows. Figure 3 graphically compares the 

natural and available mean monthly flows to the requested flows. 

For the period of October 1 through March 31, the requested flow of 17 cfs is available, 

on average, for all months except December when the average flow is 15.3 cfs. The requested 

flow of 2S cfs for the periods of April 1 through June 30 and July 1 through September 30 is 

always available on average. 

IS 



YEAR 
1955 

1956 

1957 

1958 

1959 
1960 

1961 
1962 
1963 

1964 
1965 
1966 

1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1983 
1984 
I RhCd Rbs 
MEAN 
SlDDEV 
MIN 
MAX 

REQUESTED 

OCTOBER NOVEMBER DECEMBER 
12.27 9.58 9.55 

13.09 

12.47 

11.85 

8.08 
32.10 
17.97 
36.64 
17.64 
13.32 
10.77 
24.17 
10.74 
19.80 
23.39 
20.01 
18.51 
33.67 
39.74 
20.40 
68.55 
36.28 

22 
22.8 

13.62 
8.08 

68.55 

17 

13.99 

13.32 

8.59 

16.81 

12.69 
16.92 
41.55 

12.58 
9.17 

13.77 
17.64 

13.66 

19.39 
21.08 
20.28 
20.80 
23.91 
27.81 
21.72 
47.17 
45.15 

22 
20.3 

10.80 
8.59 

47.17 

17 

12.27 

12.27 

6.82 

12.22 
11.59 
12.79 
21.82 
11.48 
8.48 

12.46 
19.15 
12.85 
20.54 
16.72 
15.38 
12.41 
16.72 
22.85 
16.25 

24.55 
27.49 

22 
15.3 

5.30 
6.82 

27.49 

17 

TABLE 7 

LA BARGE CREEK AT INSTREAM FLOW SEGMENT 
Generated Flows at Downstream End 
Average Monthly Flows (cfs) 

JANUARY FEBRUARY 
17.44 14.74 

19.93 21.06 

19.93 16.00 

12.46 12.63 

14.95 14.57 
19.98 14.74 

19.93 18.11 
43.10 33.99 
23.62 20.76 
14.10 12.05 

24.01 23.12 
33.03 24.39 
21.52 13.10 
40.56 34.41 
26.65 19.71 
13.50 17.65 

25.66 25.06 
30.84 26.11 
28.90 18.45 

22.97 20.22 
43.20 31.84 
44.74 31.21 

22 
25.5 
9.75 

12.46 
44.74 

17 

22 
21.1 
6.79 

12.05 
34.41 

17 

MARCH 
24.02 

24.02 

15.73 

16.01 

23.26 
22.14 

20.94 
28.02 
22.10 
1S.89 
16.25 
48.04 
11.37 
30.03 
19.30 
22.86 
26.42 
27.02 
18.22 

19.82 
35.83 

25.14 

22 
23.3 
7.64 

11.37 
48.04 

17 

APRn. 
53.13 

257.54 

53.57 

26.57 
83.02 

8538 
60.87 

151.67 
3636 
19.83 
48.78 

148.54 

22.58 
20.89 

124.90 
33.04 
44.63 
75.75 

24.34 
100.62 
47.26 
47.19 

2i 
71.2 

SS.91 
19.83 

257.54 

MAY 
178.76 

387.04 

161.54 

291.14 

85.16 

14332 
208.53 
272.41 
203.43 
154.57 
158.10 
290.27 
137.22 
112.63 
331.83 
191.28 
279.09 
249.92 
230.25 
25338 

133.29 
153.63 

22 
209.4 

75.41 

85.16 
387.04 

JUNE 
126.51 

282.89 

257.04 

119.30 
239.94 

122.47 
74.09 

200.16 
160.59 
229.07 
303.88 

89.86 
294.17 
220.68 
93.61 

272.44 
424.44 
404.12 
151.06 
341.25 
246.08 
221.55 

22 
221.6 
96. IS 
74.09 

424.44 

JULY 
45.61 

61.87 

111.81 
30.34 

46.60 

32.12 
16.48 
68.23 
50.44 

112.90 
216.90 
32.06 

165.77 
12.50 
47.28 
89.26 

210.84 
165.86 
45.19 

100.49 
143.84 
151.53 

22 
92.0 

59.05 
16.48 

216.90 

AUGUST SEPTEMBER 
33.04 23.54 

28.36 26.73 

13.06 38.38 
28.88 22.02 

33.78 41.52 

23.91 24.43 
27.87 97.78 
40.78 32.78 
31.76 68.42 
46.65 31.83 

96.07 84." 
21.74 40.79 
54.66 43.88 
75.54 5738 

34.05 31.94 
41.49 54.02 
92.93 53.40 
75.80 73.46 
38.95 63.27 
49.38 36.31 
80.29 55.36 
86.91 79.96 

22 
48.0 

24.47 
13.06 

96.07 

2Z 
49.2 

21.01 
22.02 
97.78 

TOTAL(AF) 
16737 
34968 

22254 

17971 
18793 

16601 
18277 
29393 
19902 
20389 
31746 
22973 
25012 
21700 
24284 
2420S 
37660 
36370 
21708 
31023 

28852 
28987 

2i 
24991 

630S 
16601 
37660 
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FIGURE 3: LA BARGE CREEK 
AVERAGE MONTHLY AND REQUESTED FLOWS 
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VI. DRY YEAR FLOW ANALYSIS 

The ranking, in ascending order, of the estimated flows for the proposed instream flow 

segment are presented in Table 8. The table presents the flows ranked by yearly flow in acre

feet and ranked by flow during each instream flow period. Requested flows are compared to 

those available in the driest year on record detennined by total annual flow. 

To provide additional insight to low flows, the requested flows are compared to those 

available during the average of the lowest three years by instream flow period. This second 

procedure was utilized because the lowest flow period on record does not necessarily correspond 

to the lowest year by total annual flow . Yearly flow volumes are dominated by the peak runoff 

months of May and June, therefore the driest years by annual volume are the ones with the 

lowest flows during these months. Comparison of annual flow volumes does not necessarily 

give an indication of what occurs during the summer or winter months which are important when 

considering fisheries. Examination of flows by periods gives a better indication of what can be 

expected as low flows during those periods. Because examination of short periods is more 

vulnerable to spurious data an average of the three lowest years is utilized. 

Using annual total flow, the driest year on record for the generated flows is 1960. A 

summary of data for that year is presented in Table 9. 
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TABLE 8 

RANKING OF FLOWS IN ASCENDING ORDER 
La Barge Creek at Downstream 
End of Instream Flow Segment 
Annual and Period Flow in Acre-Feet 

COMPLETE YEAR OCT 1- MAR 31 APR 1- JUN 30 JUL 1- SEP 30 

Year Acre-Feet Year Acre-Feet Year Acre-Feet Year Acre-Feet 
1960 16601 ~:~:~:~:~:)~$~~:~:~:~:~<:~:~~~~:~: :~:~<:~:l~~i>~:~:~:~:~:~iO$l~~:~ ~:~:~:~:~:~i~~((:~:~:~:~:~:~:~:~i41.0:~: 
1955 1673 7 ~i ~~ ~ i ~ i ~ i~ji%@j ~j~ j ~j ~j~j~j ~j ~j~~~~~ ~j j ~;~; ~j~; ~j j~~9~; ~;~j ~j~ i~ j~ i ~ iq~?~~ i ~ ~j ~ j ~j ~j~; ~ i~~~;~;~; ~; ~ j ~; ~; ~; ~ ;~i~~i ~ j 
1958 17971 ~~~ ~ ~ ~~ ~~~~ ~~%t ~~~ ~ ~ ~ ~ ~~~~~ ~ ~~ ~~~~$.~t~~ ~~~~ ~~ ~~~ ~~ ~~~~~~~ ~ ~ ~~ ~~: ~ ~ ~ ~ ~ j~j~~~:~ ~ ~~~ ~ ~ ~~~~~)~~~~~~ ~ ~~~~ ~~ ~~ ~~~~~ ~~~~@~ ~ ~ 
1961 
1959 
1963 
1964 
1968 
1973 
1957 
1966 
1970 
1969 
1967 
1983 
1984 
1962 
1974 
1965 
1956 
1972 
1971 

18277 
18793 
19902 
20389 
21700 
21708 
22254 
22973 
24205 
24284 
25012 
28852 
28987 
29393 
31023 
31746 
34968 
36370 
37660 

1955 2662 
1957 2720 
1959 2726 
1965 3029 
1956 3158 
1961 3235 
1963 3278 
1970 3327 
1960 3453 
1974 3680 
1969 3852 
1971 3899 
1973 4752 
1972 4804 
1968 4984 
1966 5068 
1962 6215 
1984 6372 
1983 7643 

19 

1955 10931 1955 3144 
1963 12215 1969 3479 
1964 12258 1956 3599 
1959 12329 1959 3738 
1973 12400 1961 4308 
1984 12825 1962 4363 
1983 12932 1973 4506 
1958 13401 1963 4601 
1967 13757 1957 5208 
1957 14326 1970 5674 
1970 15094 1974 5736 
1965 15481 1964 5901 
1966 16150 1968 6311 
1969 16842 1967 8150 
1962 18999 1983 8609 
1974 21111 1972 9695 
1972 22143 1984 9790 
1971 22724 1971 11019 
1956 28211 1965 12251 



TABLE 9 
COMPARISON OF MONTHLY FLOW DURING DRIF.ST YEAR ON RECORD (1960) 

AND REQUESTED LABARGE CREEK AT DOWNSTREAM END OF 
INSTREAM FLOW SEGMENT 

Mean Monthly Requested 
Flow (1960) Flow Shortfall Shortfall 

Month (cfs) (cfs) (cfs) (AF) 

October 32.1 17 

November 12.7 17 4.3 256 

December 11.6 17 5.4 332 

January 20.0 17 

February 14.7 17 2.3 128 

March 22.1 17 

April 85.4 2S 

May 143.3 25 

June 122.5 25 

July 32.1 2S 

August 24.0 25 1.0 61 

September 24.4 2S 0.6 ~ 

TOTAL 813 

Total July 1 - Sept. 30 97 

Shortages occur during the late summer, fall, and winter months. A bar graph comparing 

the 1960 monthly flows to the requested flows is presented in Figure 4. 

Using the three lowest flow years by instream flow period, results in different years being 

utilized. This procedure also removes the aberration of the high flow in September during the 

driest year. By period, the three driest years are: 

20 
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FIGURE 4: LA BARGE CREEK 
DRIEST YEAR(1960)AND REQUESTED FLOWS 
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October 1 - March 31 

April 1 - I une 30 

July 1 - September 30 

1958, 1964, 1967 

1961, 1960, 1968 

1960, 1958, 1966 

Averages of the monthly flows for the three driest years by period are presented in Table 

10. 

TABLE 10 
COMPARISON OF REQUESTED FLOWS AND AVERAGE OF 3 DRIFST 

YEARS BY PERIOD - LABARGE CREEK - DOWNSTREAM END OF 
lNSTREAM FLOW SEGMENT 

3-Year 
Natural Mean Requested Average Avg. Volume 

Monthly Flow Shortfall Shortfall 
Month Flow (cfs) (cfs) (cfs) (AF) 

October 12 17 5 307 

November 10.5 17 6.5 387 

December 9.4 17 7.6 467 

January 16 17 1 61 

February 12.6 17 4.4 244 

March 14.4 17 2.6 160 

April 55.7 25 

May 154.83 25 

June 139.1 25 

July 31.5 2S 

August 24.8 25 0.2 12 

September 29.1 25 

TOTAL 1638 

Total July 1 - Sept. 30 12 

22 



The months of October through March depict a deficit in meeting the requested flow 

while for the remaining months the requested flow is met except for the month of August which 

has a deficit of 0.2 cfs or 12 acre-feet. Figure S is a bar graph relating the average of the three 

lowest years by period to the requested flow. 
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VU. DAILY FLOW EXCEEDENCE ANALYSIS 

The WGFD considers that an instream flow request is "feasible" if, during the late 

summer period (July 1- September 30) the requested flow is available 50% of the time. 

Therefore a daily flow duration analysis was conducted. The daily flow duration analysis 

included all three instream flow periods. There are only short-term flow records for La Barge 

Creek. To be meaningful, a daily flow duration curve should be constructed using long-term 

records. Searcy (1955) presents a method for constructing long-term daily flow duration curves 

from short-term records if there is an index stream with overlapping records. North Horse 

Creek meets these criteria and was utilized as the index stream. 

To perform this analysis, daily flow duration tables were obtained from the Wyoming 

Water Resources Center for North Horse Creek for its entire record and were constructed using 

daily flow records from the USGS Water Resources Data for La Barge Creek 1983-1984 and 

North Horse Creek 1983-1984. These tables and data were obtained for all three instream flow 

periods. From this information, long term daily flow duration curves were constructed for La 

Barge Creek at the site of the gaging station on that stream. Because 1983 and 1984 represent 

a limited data set, extreme high and low flows were not part of the data set, therefore only the 

center portion of the curve could be developed. For completeness, the curves were extended 

using the same shape as the long-term North Horse Creek daily flow duration-curve as discussed 

in Chow (1964). 

The daily flow duration curves were developed using the data for the gaging station on 

La Barge Creek above Viola which is downstream of the instream flow segment. Therefore the 

curves were adjusted to the upstream location. Since the area under the daily flow duration 
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curve is the average volume of flow for the period, the curves were adjusted by maintaining the 

same slope but shifting them up or down (retaining the same shape) according to the volume 

under the curve. To accomplish this, the volume for the downstream end of the instream flow 

segment was estimated for each instream flow period using the average monthly flows previously 

developed. The daily flow duration curves are presented on Figures 6 through 8. 

There were no water right diversions above the instream flow segment which were 

considered significant to this analysis. Therefore the flows considered are only those generated. 

From the daily flow duration curves a summary of exceedence values is presented in Table 11. 

TABLE 11 
Daily Flow Exceedence Summary 

La Barge Creek at Downstream End of Instream Flow Segment 

Requested WGFD Exceedence 
Instream Exceedence During 
Flow Criteria Period of Record 

Period (cfs) (% Time) (% Time) 

Oct. 1 - Mar. 31 17 N/A 50% 

Apr. 1 - Iun. 30 25 N/A 96% 

Iul. 1 - Sep. 30 25 50% 98% 
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FIGURE 6: LA BARGE CREEK 
DAILY FLOW DURATION CURVES OCTl - MAR31 
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FIGURE 7: LA BARGE CREEK 
DAILY FLOW DURATION CURVES APRl - JUN30 
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FIGURE 8: LA BARGE CREEK 
DAILY FLOW DURATION CURVES JULl - SEP3l 

1 000....,.--___ -__ -___ -_.-... -.. -___ -.. -_ .. -_.-__ .-__ -__ .-._-_-_-.. -_.-___ -__ -___ -__ .-__ -__ .-__ -. __ -.. -... -__ -... -__ -.-.--.-.. ------.--.--.------.-------.. -.--------------.-----. __ -__ -. __ -__ -.. __ -.. ---, __ 

100 

10 

1~----~-------~----~-------------------~----------~----~~--~ 
o 10 20 

--- N. HORSE CK. 

30 40 50 60 70 
PERCENT OF TIME EXCEEDED 

80 90 

-+- LA BARGE GAGE --:*- LA BARGE ISF 

100 



VllI. CONCLUSIONS 

estern 
ater 
onsultants, Inc. 



VIII. CONCLUSIONS 

The mean monthly flow analysis indicates that in an average year the flow request is met 

by direct flow with the exception of December when it is short by less than 2 cfs, for the entire 

year. During extremely dry years, direct flow may not meet the requested flow in the winter 

months or in the late summer months of July and September. Exceedence analysis shows that 

during the October 1 - March 31 period, the requested flow of 17 cfs is available or exceeded 

50 % of the time. For the two periods with a requested flow of 25 cfs, the requested flow is 

available or exceeded 96 % of the time for the April 1 - June 30 period and 98 % of the time for 

the July 1 - September 30 period. 

30 



REFERENCES 

estern 
ter 
onsultants. Inc. 



REFERENCES 

Chow, V.T., Handbook of APlllied Hydrology, McGraw-Hill, 1964. 

Cudworth, A. G., Flood HydroIQiY Manual, USDI Bureau of Reclamation, USGP02, 1989. 

Searcy, I.K., Flow Duration Curves, Manual of Hydrolo&y: Part 2. Low Flow TecbniQYes, 
USGS Water-Supply Paper IS42-A, US GPO , 1959. 

31 



APPENDIX A 

WYOMING GAl\1E AND FISH REPORT 
AND 

APPLICATION TO STATE ENGINEER 
TF NO. 27 3/146 

estern 
aler 
onsultants. Inc. 



'l"'M'tE: I.aSa.rge creek Inst:eam Flew P.epart 

~: IF-4090-o7-880S 

AII1IBIJR: Wi J J i am H. B:r:adsbaw 

~: November 1990 

studies fNere ~~ to oCt:ain instream fl.GW in:fCClaticn fl:aD. a segment of 
IaBan;e creek ncrt:hwest of IaSa%ge, WyaD:ilJ;. 'lbese stn";es were desi.qned to provide 
tbe basis for det:e.l:mininq instream flaG wb.i.c:h wculd. mairItain or imp%:ove the exist.in; 
1'j mary :in the c:an:lidate secticn of IaSarge creek. Results of these strxf; es ~y to 
tbe st:ream SAjD*'1t: ext:erx!.:in; upsUeam frail the U.S. Forest Serlic:e baln:!arf in 
Section 1, Ran;e U6 West, ~ 27 North, to the can:flue.nce of I.aBarqe creek an:l 
TU:r::key creek .in Secticn 24, Ran;e 116 West, ~ 28 North. 1bis stream sec--icn 
is 3.:3 miles len;. 

1his secti.cn of !a.Barge creek is designate:i by ~..e Wytminq Game ani Fish 
0epart::Dent (lQ'D) as a Class 3 t::cut stream. Class 3 st::eams generally supp::n:t 
t:a;ionally imp::n:tant: fi sheries. ~ stream :is mamge::i urx:ier the basic yield ccncept: 
far ra.irl1:Icw t:rcut ani is st:ccked with ra..:i:nbow t::cut duJ:iD; sprirJ; am SImmer ~. 
5aDe rec:uit:Dent f::t::m t:"'.J:utary streams also c::uu::.il:lltes to the fishety ~...n;' the 
same time F..cd. other sredes present irx:l"xie br.'cok t::cut, l:lram t::cut, a.'ttlnoat 
t.rcut aIXi namta.in whitefish. 1bis sect:i.al of IaSa%ge creek prcvides significarrt: 
r:a:::teat:icnal fisberies oppot t:unities for bctb. resident an:! ncn-res; dent an;lers (R. 
Remick, ~, pm:scnal CCIlIIIlIli.cat), aa1 is higbly accessihle tm:aJ:;;tl p Jb1 jc 
lazm. For these reascns, this se;'IAXt: of the sUeam is ccnsidered a c:itical. 
seyeuc. 

'nle lIBla;E!1i!!Ut: goal of the ~ is to ma.im:a:in or improve the ex:istin; st:"eam 
f; sherI in I.aSa.rge creek. 'lllree t:iJDe peria:!s are ccnsidered c:itical for rea 1 j zi rx; 
tbis goal. Oct.ober 1 to Mardl 3l .is ccnsidered critical bEcause ttti.s is a time 
per.ic:d when low fJ..a.vs can cause deg:radaticn of hydraulic dlarac:t.er'..stics necessary 
far: t::cut surlival, f.ish passage an:! aquatic insect prcducticn. ~.J. 1 to June 30 
is a r:itical F-OCi far ma.i.t'rt3.inir physic:a.l habita.t: fer juvenile ra.ir.bcw t::cut: an:i 
frail July 1 to September :30 it is c:itical to ma.intain flows adequate fer adult ~ 
pr:o:ntt.; on. 
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To adltess the lIBl:agSUeut: gca1., cbj~~ves of this stu:1y wre to det:e1::DiIle 
i.nst::eam flC"*S necessarf to 1) maint::a.in err impr:cve winter hydraulic c::ba%:ac:ter.i 
tt::D: t::cu:t: sucvival, fish pase;e am aquatic insect prrdncticn, 2) mainta.in physical. 
1mbitat ter juva'1ile rainCcw trcut:, an:l 3) mainta.in or lmpx:cve adult ttcut pr:t:ducticn 
c!urln; the late SI""'"Pr llX:Int::hs. 

MF!'B'[S 

Ilata tor tbese strl1;es wer:e ccl.lected. tttm a site lc:cated. appx:oximately 1/4 mile 
bel.cw' the c:cnfluence of ~ am 1'al:key creeks, in SeC--ion 24, Ran;e 116 West, 
Tcwnsbip 28 North (Figure 1). 'D:lese soli; es WI!t'e c::z:n:mcted between JUne arxi Au;Ust: 
1988 within a 483 feet: len; stu:1y site tbat ccnta:ined trout: habitat: typical of that 
foln:i thl:cu;bcut: the c:arx:l:idate sect:icn of IaBa:tge Q:gek. oata. were collected. after 
pesk :r:unotf ~ a ran;e of disc::hat:ge mtes (Table 1). 

Table 1.. Dates and disc:hal:qe rates Wen inst:z:eam fla.r data we:e ccllected. fran 
I.a.Ba%:ge Q:gek dur:i.rq 1988. 

06-10-88 
07-02-88 
08-28-88 

Discharge 
Olbic Feet Per Secxn:i Cefs) 

142 
54 
22 

-Dle Habitat Bstenticn methcd (Ne.b:dn; 1979, Annear am CCrx!er 1984) was used to 
identify a ma:int:e.nance flC7.tl. A malnt.enarx:e flew is defined as a c:ant:i.nucus flew 
n de? to mainta.in minilm.ml hydraulic <:iter'..a at r-ffle areas in a st:ream 5e!JD*iIt. 
Based an tee extensive research of Annear arx1 Conder (1.984), the maintenanc:e flew is 
farther de:f.ined as t"!le disc::ha:cge at wbidl two of t"llree hydr:aul.ic cri~..a am met: for 
all riffles in the stu:1y area. (Table 2). Meet.:in; these criteria prcvides passage fer 
all li:fe stages of trout: beCveen different habitat types ani ma..inta..il1S sutVival of 
t::cu:t: ani aquatic mac::oinverte.brates at all times of year. 

Data we:ra m 1 1 ected. fran t:ransect:s p] aced aacss three ri en es within the st:u:iy 
c:ea ani analyzed usiD; the Iro-l a:::II2plt:er ptog:auu (Hi lhcus 1978). IrJSt:eam f.l.a.r 
~ ¥ ""-rCat:f.cns derivad frail this uetb:xl are aroJ j cab] e ttn:cu;br:Ilt tbe year except: 
t.Dm higber inst:::eam flews are required to meet ot1ler fisher;y llSiay 'HIt: pu:tp:ses. 

Table 2. Hydraulic criteria used to obtain an instream flaJ N ¥ "p'erx1aticn us:in; tl"..e 
Habitat Betenticn methcd.. 

Ave:cas;a Oeptn (ft) 
Average Velocit:/ (ft per sec) 
Wet:ted Perimeter (pe..."'CeIlt) 2 

1 - At ave:ta;e dally f.J.a,r 

criteria 

Top ~ X 0.01 
1.00 

60 

2 - COmpJ.red to wetted per.imeter at bankfull ccrxiiticns 

2 
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A ~ica.l. habitat silmllaticn lZXX!el. (BmBSlM) develope:i by the Instream fia.J 
5el:vice G:z:cllp o1! the 0'.5. Fisll ani WUdllfe SerIic:e (Bovee ani Hi 1 hcus 1978) was used 
to examine in:::axsllt:al. c:ha.n;es :in the amcum: of physical habitat available far 
~ t:rcut: juveniles at various di c;cbarqe rates. 'Ihi.s lJI:del is germ:ally 
re;zu:t!ed as sta;t:e-of-tbe-art te.c:::hrxllogy an::! .is tlle most .:* iii'"~ lilly use:1 uet::ba:1 in Nort:b. 
America for quant:.ify:in; c:ha.n;es :in physica.l habitat with cban;es in di.c;c+targe (Reiser 
at: ale 1989). 

'!be ~ o~ physical habitat avai 1 ahl e at a given di scbat:ge is eJ4ILessed in 
tez:ms of ~ usable area (lm) am reflects tlle • ¥ iIJ[W!)Site suitability of depth, 
velcx:it'l' and Sllbst:::."3.t at a qiven flOW'. O!pth, velociel am substrate data were 
c:aJ.lec-'-ed from seven t:::anseC"-s in ac::c:ct'dance witn guidelines qiven by Bovee an:i 
Hi 'bous (1978). 

In omer to perpetuate this fishery, it .is imprt::ant to maintain suitable habitat 
~ar juveniles that are stocked into I.a.Bcm;e Creek gy the YQ'O or that rec::ruit 
naturally to I.aBa:rge Ctee.k as tribut:arf fla..s drop dllr:in; the snmmer. Maint:e.nan::e of 
suitable ~ical habitat for t1ti.s life staqe .is a c:itical part of ensurin; adequate 
recz:u.it:nent to this fishez:y. '!be ~ for ~ trout juveniles was simulated. for 
ficws ran;:in; fran 5 to 200 cfs usin; ca J ihra.ticn arX1 noie1 in; tec:hnicpJes outlir.Ied in 
Mi'bcus (1984) and MiJhcus et ale (1984). 

Blysical habitat fer adult rai.nlxT.i t=cut was c.cnsidel:ed adequate for their 
sm:vival at flews reo ,,''''ended far juveniles. SilDIllaticn of physic:a.l. habitat 
far spa.wrtin; was net dcce becm1se very little spawninq habitat was fourx:i 
witbin the inst::eam flOW' segment. 

'!be Habitat Quality Irx!ex (HQI) developed by tbe Wyaain; Game and Fistl CeparOent 
(Binns and Ei seman 1979) was used to est:imte pctentia.l. cban;es in trout prodl:cticn 
over a ran;e of late SIXlIlner flew ccrxiitions. ~.e IIIX2l ino:xt:p:xcates seven a~..J::.ut:es 
that address chern; cal, physical an:! biolcqical CClilfXluents of trout habitat. Results 
are expressed in habita'!: units (ED), with ale ED' defined as t.~ cmx::Illn1: of haDita.1: 
cp!l.ity Wich will 5UppJt L 1 p:xIrXi of trout. 'Ihis IIIX2l was developed by tOe tQ"D 
a:ft:er several years of test:irx; ani IIIX2l refinement. '!he EQI has been tel j abl y used 
on many WyaD.:in; st::'eams to assess habitat unit gains or losses associa1:ed wit!l 
pr:aje::t:s that Ttn'ii fy i.nst:ream flGl regjmes. 

By measurir.q habitat att::::ib.ttes at varicus :E:l.o.r events as if asscci at.ai habitat 
features wem t:iPical of late SImmer flew ccrxti.ticns (CCrx!er ani Annear 1987), HD 
esdmates ~ made fer llypc1:hetica.l SImmer flaws rar.q.i.Ix; f:t:m 5 to 125 cfs. To 
better define the pctential. i:mpa~ of these other late Slnmrer flow levels en t::cut 
pz:a:U:--icn, sane at:t:::il:lltes ~ derived mt:heaa1:ically fer flows other tban tbcse 
Which were measured. P.esults of the BJI m:::del apply to the time of year t!lat 
~ t:cut: prc::dl.::c-..J.cn. Far I.a.Bcm;e c:eek this pericxi is fran July 1 to 
Septsmber 30. 
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'Dla Habitat Retent::icn methcxi ~ devel.cpa:l to identify a fia.r tbat wculd. lIIIinta.in 
exist:in; su:vival rates at tz:cut, prcv:ide pessage !or trout: betwe!ll d.ifte.reat: babitat 
types in sttea:ws, an:! m.:i.ntain su:vival mtes of aquatic we :ts .in r.if:fle amas. 
Ka..int:.ermx:e =: these ~aatures is iwp:u:t:aut year rc:mxi except: -wben h;gber flews are 
ne c1ed at specific t:f:mes to meet otber :equiteIEits. 

Besul:t:s :O:an tlle Habitat Retent:i.cn 1ZD2l sbcwed. tbat tl.cws at 17, 3 am 15 c:fs 
are ne:es ary to maintain aquatic insect pro1trtim arxi t1sI:1 passage at riff] pc 1., 2 
an:! 3 z:aspe tive.ly (Table 3) • 'I1la maintenance flOW' deriva:i t%OIl tbis met:h:x:l is 
det1:ned as tba flew at lIib:i.ch t'M) of tbe tbree hydmul.ic criteria am met tar all 
riffles in tbe study sitae Based an this c:::iter:ia, the llB.i.nt:enm:e flew tar this 
MglIErlt of IaSarge Q:eek is 17 cfs. 

'l'able 3. ~ts fraIlliG-l nrrle1 jD;1 at the I.aSal:ge creek study site. 

I)jscban;e Aveta98 Wet:te:i 
refs) Velccity ctt:lsec) Perimeter 

Riffl.s: ~ 
3.6 0.19 1.001 18.8 
6.7 0.25 1.18 22.S 

10.8 0.30 1.33 26.7 
16.82 0.361 1.47 3~.4 

21.9 0.43 1.SS 32.2 
30.6 0.53 1.15 33.0 
39.9 O.Q 1.92 33.6 
S4.l 0.74 2.16 34.4 
77.2 o.sa 2.48 35.S 
87.7 0.94 2.61 35.8 

no.l. 1.06 2.88 36.6 
14l..6 1.19 3.21 37.4 
248.4 1.29 4.01 48.Sl 

567.4 1.44 4.86 80.8 

Riffl.e , 
1.001 0.7 O.ll 5.1 

2.6 0.22.l 1.06 8.9 
3.S 0.27 1.24 10.6 
8.0 0.41. 1.S4 12.7 

14.9 0.54 1.91 14.7 
23.3 0.65 2.22 16.7 
36.8 0.82 2.S9 18.0 
49.0 0.92 2.87 19.5 
71..~ 1.04 3.26 22.0 
93.5 1.14 3.56 24.~ 

119.S 1.ll 3.82 29.5 
133.2 1.l4 3.91 31..2l 

201.6 1.32 4.25 37.S 
310.l 1.50 4.S9 47.l 
567.4 2.21. 5.17 S2.0 
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Table 3. (ccnt:irnle:i) 

0.9 
2.4 
3.9 
5.~ 
9.2 

15.32 

17.4 
22.7 
34.9 
51.0 
87.7 

145 6 
231.2 
340.6 
567.4 

Average 
pept:h (ft) 

0.~4 
0.20 
0.25 
0.28 
0.37 
0.42 
O.44l 
0.49 
0.S7 
0.66 
0.81 
0.95 
1.15 
1.33 
1.60 

Average 
Velocity (ft:jsec) 

Riffle J 
0.30 
0.42 
O.Sl 
0.58 
0.77 
1.001 

1.05 
l.ll 
1.50 
1.84 
2.47 
3.28 
4.26 
5.33 
7.21 

1 - Hydl::aul.ic criteria O:cm Table 2 met 

22.9 
28.8 
30.51 
31.8 
33.2 
37.3 
37.8 
39.2 
41.5 
42.6 
44.8 
48.0 
48.8 
49.5 
50.8 

2 - na- meets t:wo of tm:ee c::iteria for irxiividual t::::allsect 

Nat:uz:a.l wx: tality tbat oc::r:::utS dm::inq the winter can often be a signi.f.icant fact:cr 
]jmi:t:in; a trc:ut: pcp11..at:i.cn. B.Urtz (l9S0) famd tbat the lass of winter habitat due 
ta l.cw flmI o:n:!i:t:icns was an iIDpc:u: tam: factor affec--iD;" DZtality rates of t:cut :in 
t!la ~ Gt=n River, with mrtality approadl.in; 90t dllr"..n; scme years. !Ie:r::a= et 
ale (1945) dcc:::umer.tted average over.vinter l:2ram t:x:cut: !ZIlrtality of 60% arxi exL:emes as 
b:iJ;b. as 80t in a caJ.ifcn:nia st::eam. 8ltl.er (1979) :cep::n: tal signi:f.icant t:cut an:! 
aquatic :i.nsec: losses canset by arx:hcr ice fccaticn. Re.imer.'s (1957) considered 
andlcr ice, 0"1 J apsjnq snow banks arx:i fluctuat:in; flews resuJ.tir.r; from the pericx1ic 
fcr:maticn arJ1 breaJaJp of ice dams as the ~...marl causes of winter t::cut: DZtality. 

0!1'SSS Qf winter DZtality di sclSSed accve are all c.;matly influenced by tbe 
qamtity at winter flew in tees of its ability to minim; ze andxz' ice fOlJ1ilt:icn 
(irLOt&3sp1 velod..ty aa:l te'tm-a.tm:e Joad1n;) arx1 dilute arx1 prevent snow bank 
mJlap as aIXl ice dam faz:mticn respec:--ivel.y. Becanse ar¥ rwbrtim of natuz:al 
winter sUeam fiows ~ ilx::ease t:cut l!Crtal.it:/ a:rxi effectively reduce tbe m"*er 
~ :fish that the sUeam CX11ld supp::it t, maim:enance of natural flas is c::ns:idered 
c::iti.cal. As a o::nsequence, the fishery managaoent objective for 1:'..e time pericd 
trail o::tober 1 to Mal:dl 31 is to p:rct:ect all ava; 1 abJ e natural st::eam flews in the 
irsueam flmI segzrer tt up to t.'1e mai.ntenanc:e flew. For!.aSat.'ge creek, the ma.intenance 
fLcw is 17 as. 

st::eam flaM data are unavai.:!.a.ble for tllis sec:--icn of Ia.Ba:cge creek am it is 
possible that t."le discharge of 17 cfs identified l;y tbe Habitat Retenticn meUxxl ma:y 
net: ]:)a pl:esent at t:i:mes dm::inq the winter. Because t!le ex:ist:in; fisher! is adapted 
to natural flew pat:tel::ns, oc:casicna.l per.ia:!s of shcrt:!all dm::inq t!'U! winter de net 
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imply the need ~cr st:cz:a;e. Instead, tbey lllusb:ate tbe need to maintain all 
natm:a.l wint:er SUMii' news, up to 17 c:fs, in atder to minta.in exist::i.rq survival 
mt:es of t:t:oat: pcpu1at::1ans. 

Results ~ tba 2mBSlH a:rmJ.ysis sbar tbat a fI.a,r ~ 2S c:fs w.ill mfntain 99% 
01! tba pQysical. lmDitat far ~ treat juveniles l:ut at J.cwer :flews, P1'Jsical 
babitat is lite'" .i (!1gu:re. 2). A ~ of 20 c:ts will minta.in 95t cf tba physical. 
babitat an:! at 15 c:ts alxA1t: ~ of tbe physical babitat is DIlint:al.DaL pec!zrticns.in 
~ babitat am rapid bel.cw 15 c:ts. tlrD!r lWtural c:crx!iticns, :flews am otten in 
axe of 25 cfs :O:tD April 1 to JUly 31.. Wben. tbis exx:nrs, pbysical habitat tar 
juvanile ra..i.nbcw treat will be less than cpt::.ilm:ml, espe=i a] 1~ ~ flews e.=eed 50 
c:fs. 

teo 

4C 

20 

.---
r " , \ 

"" " \. 
" '--, 

" '--.. -
O~----~----~--~----~----~ o 

Discharge (cfs) 

Figm:e 2. PetCEut at. naxi"'D wightecl 11sab] e ara (1m.) far m.:i.tlI:x.III' treat juwni.les 
at: 1:'.ba I.aBa%ga Cta!lc st:xiy sits as a ~vx:tim ~ di sj idi ge. 

Secat'lSf! tba exi.st::iDi 1'1 stwry is lIIlint:a.irJed by juvaW.e treat sb:cka:1 by tbe t«;FD 
or tbat drift: iDt:o I.aBa1:ga Q:eek :O:cm tr.ilJttaries, it is impJLeant to m;ntain or 
DIpz:cva ptrjs:ica.l babitat far juvenile ra:inbcw. LsUeam:fI.ar:e ¥ 'i,.e:dat::i.ccs were 
davalqad. t'ar: tba t:iJIa of year -.n juveniles are sb:cka:1 at: rec::ait to tbe iust:::E!dUl 
fla.,r se]fiEut. 'Ibis tilDe prCexf was def:fned as tbe periexf f:tm April. 1 to June 30. 
'lba c:w:::t:eut f1 sbazy mua;eaeut cbjec:tives far this secti m of IaSiU:ga c::eaJc am to 
ma.int:ain or iJupLuve pIlysical habitat: fer juvenile minfxw tl:axt aa1 meet: ar e.vx::ee1 
tbe hydraulic c:::iteria adltessa:l by 't:lle Habitat Betalticn mt:bo:l. In tbis sitm.ticn, 
a fJ..cw of 2S cfs is the mil'il!ll!D anrmrt: :n825sary to an:nnpl ish tbesa oCja:t±ves. 

P.esults f%tm tbe SJI D:del imicata that urCer exist::i.:rxJ a'lJetag8 late snmrner 

a::n:iiticns, tbis segn+tlt of ~ Q:eek ~t:s ~y 55 treat Habitat 
Units per acre (Figute 3). A flaM" at 2S cfs is tbe minimJm :fI.ar t!lat will maintain 
this ex:i.st:::in; level of BU's. At lara: fla., tl:alt babitat units ~ be re1nC8'i by 
appz:ox.lmataly ~ or mare. FisbaJ:y matBF1Mlt c:Cject:i:ves for the lata Sl1J!!DPr are ta 
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malntain the ex:ist:in; mmf:)er of habitat units, and meet or exceerl the llydraulic 
c:r.itaria adltHsed by tba Habitat Retention methcd. A flew of 2S c:f.s is tbe m:i.n:i:mum 
SUMm0OW' wtdeb w:U.:L &:0 III[tl ish tbese objectives for the periexi ttan J\lly 1 t:hl::al;b. 
Sept e ill er 30. 

60 

SO 

40 

30 

20 

10 

O~~~~~~~~~~~~~~~~~ 

Q ta 20 30 55 80 125 
5 15 25 45 60 100 

Discharge (cfs) 

Figure J. AdI11.t treat: babitat units (HD1 as a furx:ticn of discharge at the I.aSarge 
Cteek st:D:ty site. 

stIMMARY 

'l1le insUE!l!Wl fl.a.r z:a;ime :in 'D!bl.e 4 is basa:l on results fraa. tbe Habitat 
Retent:icn, JaI an:l lBBSIH mcrie1 s, atx1 displ ays the m:iniraum st:team flews neeied to 
lIBintain ar impwva exist:iD;r 1::ta.1t p:ta:U:ticn levels in a secH m of IaSaJ:ga c:z::eek at 
c::ri:Hca1 times ~ yare 'Ibis sU&i14 sa:ticn ext.erm far a distalx:e of 3.3 miles: 
tz:cm tbe U.s. !bLest Ser:rice b7vr1arf .in Secticn 1, RaD3& US West~ Ta.msbip 27 
Nart!1, upsUeam ta tbe <XI1fl.uen:a of l:.aB:m;;e Q:eek am Tm::key Q:eek in Secti m 24, 
Rim;a ll.6 West, ~ 28 NCD::th. 

Table 4. Slwi.ery ~ i:nst:emu fl.aI reo i1§ len::!aticns fer I.a.Bal:ge Q:eek ncrtt1west of 
:ta.8iu:ga. 

t')c":'trtwr 1 ta Harcb. 31 
April 1 to June 30 
JUly 1 to Sept:a1D!r 30 

8 

Irst:team FJ.a.i 
Ba;glateI eation (cfs) 

17* 
2S 
2S 
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STATE OF WYOMING 
onlcz 0' nlZ STATZ ,.-c,.-ua 

APPLICATION Foa PUttUT TO APPROPRIATE SURFACE WATU 

THIS SECTION IS NOT TO II nLLED IN IT APPUCAHT 

THE STATE OF WYOMING. } ss. 
STJa'E ENCINEER'S omCE 

". u.nunnc ... ~ and IiW Cor I'ft'Ofd on the ____ da, of _________ A.D. 

"_ al ______ oClock _ M • 

.......... in Book ___________ of Dice .. Pmniu. Oft PIp _____ _ 

Fee PaW ... ______ Map Filett ____ _ 

Tem1L 
WAI"IJt DIVISION NO. _______ Disnucr NO. ___ _ FiU ... No. _____ _ 

PEJtMIT NO. ______ _ 

NAME OF 'ACtLJTY LaBarge Creek InstTe3111 Flow Sepent No. 1 

I.---....--~--- ...... ---
t. N_ ........ 01 ........ Ie NCeM cal pee .. "" ......... ice wyaaing Game 6 Fish Dept •• 

5400 Bishop 81 vd., Qieyenne. WI 82002 
S. (a) The ... to which dw .. wr .. t ..... pplied .. _Ins __ tte_-__ Fl_ow ________________ _ 

(" Ir ............... lInwficiaJ ... 01 ...... is a".ied r_. dw Iaac_ ..... ~ 01 .hr f*"I of ............... iII __ 
10el .................. w .... of Ihr fllCi ....... ,.diwn ..... CWWIPfdw."............ ..... _ ....... dw ...... ...... 
..... ...... ,_ s. .. Enpwtw Ie ...... dw ......... ofapprepriMioft. 'n ...... ~ ... ",.inc ..... JIodl aM ..... ,.".a 

are ........ to O.GH witie' reft ,.., II'CaId. 

4. The....a 01 dw ,....,.. ."'"""...... LaBarge Creek., a tributary of the Green River 

t" ". ~ of tfie.~_fl~~ tJle canfluenc:e of labaTI'! Creek ~~ Creek a.... HEl/4 SIIl/4 _ • s.m.. Z4 T. Z8 N .• It. 116 w .• S~ 
eat nne of lot 5 of s.m- 1 T. Z7 N .• It. 116 w . 

.. AtIe..,.,_ ..... ~ ",dw,..,.... racititJ ....... """wScM._ FtOrnI c-r-..wllr ....................... Iwr s....,......., ....... 
All federally awned 

1. 1"he CIt""", apacity o( the ditch. afta'. plpriiM « ocher (acilit, II lhe peine of d",,","", is See o:m;nt:s (11_ 
reft ,.., IeCMHL 

.. 11w 8C'CMft,...,.... iM .. is PftPlImi in acCOfdaftC'IP ..... chr SealC' £nti~'1 M ...... 01 Rf1VI •• iona .... , .. rwn..-., '*"I''''"' 
C'ltriMII .... is ~ deda"" • pan of this .".ieae ... TM St.,e En!"'ft' "'., r~t~ ,tw fiR", of det .... ~,.. ........ 
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TOTALS 

Based on the results of a study conducted in 1988 by The Wypminv f.ag: & Ei sb I);tr· 
id'iiH FLDW( cis) 
oa:.aber 11 aased on the resul. ts ot a si'UdY CDiidUcud 
NOViiiSer 11 in 1988 by the \Waning Game and Fish 
oec:ii&T 17 oeparcDent. a How nght ot II CIS lS 

January 11 requested fran OCtober l to Mardl .>1 to 
FebNI1Y 17 ensure hYdraUilc conat Clans needed to 

MaTCh 17 maintain or ~ existing levels of zYH 25 trout 5UrV1viLlSh passage ana inSeCt 
%s p:roauaion. X flow of is as 1.5 requested 

June is frell ADm 1 to June 3D to Ja1Iltall1 

July Z5 exl.StUtg leveIS at hibltat fOt' JUViiUle 
trout 'that recTUl.t trail iTibUtanes. A 
flew at Z5 cfS 1£ requested hal .JUly 1 

25 
Z5 

Length of sm- samen; • l 4 m;] es 

liiterverung ditdie5 - see map 

to septilliber .>0 to malJlt3.lll or llIIP1"CVe 
exJ.StlJlg levels 0 t aau:r t trout p1"Odii:'tion. 

cages are loc::1ted at substantial distances fmm the upstream and dCW!'s tre7m ends 
of the were. flOW segment If additiona' infnrmar';on is needed a ~= wiJJ 
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