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I. SUMMARY 

REPORT ON THE FEASIBILIlY OF 
PROVIDING INSTREAM FLOW IN THE 

SOUTH FORK GRAND ENCAMPMENT RIVER 
INSTREAM FLOW SEGMENT NO. 1 
TEMPORARY FILING NO. 26 5/399 

Wyoming Water Development Commission 
July 1991 

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

1004(a) to complete a determination of the feasibility of providing various amounts of 

unappropriated direct flow of water for instream uses for stream segments requested by the 

Wyoming Game and Fish Department (WGFD). For the South Fork Grand Encampment 

River (Encampment River), WWDC contracted with Western Water Consultants, Inc. of 

Laramie, Wyoming to prepare the technical study. WGFD has requested by filing an 

application with the State Engineer (Temporary Filing No. 26 5/399) a direct flow water 

right of 54 cubic feet per second (cfs) for three different periods of the year which are: 

October 1 through March 31, April 1 through June 30, and July 1 through September 30. 

The purpose of the request is to provide instream flow for fisheries in a segment of the 

South Fork Grand Encampment River. The segment is called the South Fork Grand 

Encampment River - Instream Flow Segment No.1 and is defined by an upstream point 

located at the confluence of Hog Park Creek and the South Fork Grand Encampment River 

in the NEY4 NWY4, Section 10, Township 12 North, Range 84 West and a downstream point 

located at the north boundary line of the NWY4 NWY4, Section 13, Township 14 North, 

Range 84 West, a stream length of approximately 13.6 miles, all in Carbon County, 

Wyoming. The location of the segment is shown on Figure 1. 
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Mean monthly flow, dry year flow, and daily flow exceedence analyses were 

conducted. The mean monthly flow analysis shows that on the average, the flow of 54 cfs 

is available except for the late fall and winter months of November through March at the 

downstream end of the proposed South Fork Grand Encampment River Instream Flow 

Segment No. 1. During an extremely dry year the requested flow is not available in its 

entirety during the late summer, fall, and winter months from August through March. 

A daily flow-duration analysis was conducted for each of the three instream flow 

periods. The requested flow of 54 cfs during the period of October through March is 

available 18 percent of the time. This availability occurs mostly in October and the first part 

of November. The requested flow of 54 cfs for the period of April through June is available 

80 percent of the time with almost 100% availability for the months of May and June. The 

requested flow of 54 cfs for the period of July through September is available 76 percent of 

the time. WGFD considers that if the requested flows are available during the period of 

July through September at least 50 percent of the time, their criteria are satisfied. The 

WGFD has not developed exceedence criteria for other times of the year but has stated that 

during these periods the flow should equal natural flows up to the requested amounts. 

II. WATER RIGHTS 

All water rights and permits for diversion at points located upstream of the 

downstream end of the instream flow segment have been tabulated. Table 1 lists all of the 

Wyoming water rights and Table 2 lists all of the Colorado water rights. Both direct flow 
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TABLE 1 

LISTING OF WATER RIGHTS IN THE 

SOUTH FORK GRAND ENCAMPMENT RIVER BASIN 
Upstream of the Downstream End of 
Instream Flow Segment No.1 

Permit Proof Priority Date Amount* Adj.1 Diversion Location 

Number Number Facility Source Mo Day Yr CFS Use** Unadj. Sec. Twn. Rng. 

DIRECfA...0W 

458E 3833 Ent. Encampment E.& W.Billy Ck. 7 5 1899 5.61 Adj. 20 13 83 
458E 3832 Enl. Encampment E. & W. Billy Ck. 7 5 1899 5.14 S.S. 1 Adj. 20 13 83 
458E 24348 Enl. Encampment W. Fork Billy Ck. 7 5 1899 2.86 S.S. 1 Adj. 20 13 83 
5006 North American Pipeline S. Fk. Grand Encampment River 8 11 1902 not stated 5 Unadj. 24 14 84 
5057 9526 Bashore Ditch Miner Creek 9 13 1902 0.5 1 Adj. 23 14 84 
5510 10637 Soldier Creek Ditch Soldier Creek 5 28 1903 1.90 Adj. 10 13 84 
1243E En\. Soldier Creek Ditch Soldier Creek 7 28 1904 2.14 Cane. 10 13 84 
6031 10645 Ver Plancke Res. Ditch Billy Creek 4 30 1904 2.14 Adj. 19 14 82 
1923E 21974 EltL Kurtz-Chatterton N.Fk. Miner Crk. 7 23 1908 4.00 0.S,.57 S.S. Adj. 31 14 84 
2222E 13466 Enl. Soldier Creek Ditch Soldier Creek 10 6 1909 2.06 Adj. 10 13 84 
13910 Lordier No.3 Ditch Bull Creek 1 10 1916 0.695.5. Unadj. 5 13 83 
13911 Lordier No.4 Ditch North Dunkard Ck. 10 1916 0.69 S.S. Unadj. 5 13 83 
14591 Grand Encampment Canal S. Fk. Grand Encampment River 1 16 1917 27.0 OS, 3.4 SS Unadj. 13 14 84 
15131 16727 Ernest Ditch N. FIe Miner Crk. 6 27 1918 2.14 Adj. 32 14 84 
15132 16728 Ernest Ditch Rock Creek 6 27 1918 2.14 S.S. Adj. 32 14 84 
15227 Ashley Ditch Soldier Creek 6 27 1918 1.79 Unadj. 10 13 84 
15210 Encampment Canal S. Fk. Grand Encampment River 7 27 1918 3.29 S.S. 1 Unadj. 24 14 84 
15623 Grand Encampment Canal S. Fk. Grand Encampment River 2 24 1919 19.6 OS, 2.0 SS 1,2,3 Unadj. 13 14 84 
17165 24409 Coon Creek No. One Branch of Coon Ck. 8 7 1926 8.97 S.S. 1 Adj. 2 12 83 
17166 43349 Coon Creek No. Two Branch of Coon Ck. 8 7 1926 8.97 S.S. 1 Adj. 2 12 83 
17188 Englehart No. 1 Ditch Purgatory Gulch 3 28 1927 3.73 S.S 1 Unadj. 32 14 83 
17189 Englehart No.2 Ditch Bull Creek 3 28 1927 3.73 S.S. 1 Unadj. 5 13 83 
19035 23266 Blackhall Mtn Lkt Sta. P.L. #2 Blackhall Spring #2 12 2 1938 0.07 2 Adj. 2 12 83 
5709E 25369 Enl. Encampment West Sharp Creek 12 7 1953 7.93 S.S. 1,3,6 Adj. 31 14 82 
5708E 25369 Enl. Encampment East Sharp Creek 12 7 1953 7.93 S.S. 1,3,6 Adj. 31 14 82 
5737E 26173 Enl. Soldier Creek Ditch Soldier Creek 7 8 1954 2.37 1 Adj. 10 13 84 

21454 Miner Creek Ditch Miner Creek 7 8 1954 6.33 S.S. 1 Unadj. 10 13 84 
21873 Lodge Ditch Miner Creek 5 13 1957 0.15 1,2 Unadj. 24 14 84 

22585 29721 Water Valley Supply Ditch Soldier Creek 6 2 1964 3.92(68.25 A.F.) 6 Adj. 36 14 84 

23538 30530 Water Valley No.1 Supply D. Soldier Creek 12 2 1970 174.60(3.76 A.F.) 6 Adj. 36 14 84 

TF265(399 Encamp R. - Ins.Flow Seg #1 S. Fk. Grand Encampment River 8 4 1989 54 11 Unadj. 13 14 84 



Pennit 

Number 

RESERVOIRS 

518R 
1281E 
6809R 
7235R 
7361R 
8168SR 

VI 8455R 
8658S.R. 

Proof 

Number Facility 

10644 Ver Plancke Res. 
17967 En!. Vcr Plancke Res. 
29769 Water Valley Fish and Rcc. Res. 

Hog Park Res. 
30576 Auxiliary No. 1 Res 

Manning Draw Stk Res. 
34413 En1. Hog Park Res. 
33075 Ridgetop Stock Res. 

** USE DESCRIPTION: 
1 =Irrigation 
2=Domeslic 
3=Stock 
4=Highway Department 
5=Power 
6=Reservoir Conveyance 
7=BLM Water Use 
8=Municipal Use 
9=Mining/Industrial 
100Flood Control 
II=Fisheries 

TABLE 1 (continued) 

LISTING OF WATER RIGHTS IN THE 
SOUTH FORK GRAND ENCAMPMENT RIVER BASIN 
Upstream of the Downstream End of 
Instream Flow Segment No.1 

Priority Date 

Source Mo Day 

Billy Creek 4 30 
Billy Creek 11 2 
Soldier Creek 6 2 
Hog Park Creek 8 26 
Soldier Creek 6 16 
Manning Draw 12 8 
Hog Park Creek 6 11 
S. Fork Purgatory Gulch 2 14 

• Amounts are given in CFS unless otherwise noted. 
S.S. = Supplemental Supply 
O.S. = Original Supply 
A.F. = Acre-Feet 

Amount* 

Yr CFS 

1904 241.2 A.F. 
1904 2.06 S.S. 
1964 68.25 A.F. 
1964 2972.30 A.F. 
1970 3.76 A.F. 
1976 3 AF 
1979 19683.92 A.F. 
1980 0.22 A.F. 

Adj./ Diversion Location 

Use** Unadj. Sec. Twn. Rng. 

Adj. 30 14 82 
Adj. 19 14 82 

10,11 Adj. 36 14 84 
1,8,9 Adj. 5 12 84 

11 Adj. 36 14 84 
3 Unadj. 3 13 84 

1,8,9 Adj. 5 12 84 
3 Adj. 6 13 83 



I)Cmlil 
Number 

DlRECTFLOW 

1126 
1124 
1123 
2073 

RESERVOIRS 

4344 
4367 

Proof FacililY 

TABLE 2 

COLORADO WATER RIGHTS 
From the South Fork of the Grand Encampnlent river and Tributaries 
U pstreanl of the Downstream End of 
Instreanl Flow Segnlent No. 1 

edodl~ l2alS: Amount Adj./ 
Number Sourcc Mo Day Vr CES· Ilsc" lIoadj 

S. Fork 1I0g Park Ck. MSF 
W. Fork Encampment R.MSF 
Encampment River MSF 
Dam Fino Ck. MSF 

Gem Lake MLL 
Seven Lakes MLL 

MSF=Minimum Stream Flow 
MLL=Minimum Lake Level 

S. Fork Ilog Park Ck. 
W. Fork Encampment R. 
Encampment River 
DamFino Creek 

Encampment River 
Encampment River 

9 19 1978 
9 19 1978 
9 19 1978 
12 3 1981 

3 17 1976 
3 17 1976 

•• USE DESCRIPTION: 
I =Jrrigation 
2=Domcstic 
3=Slock 
4=llighway Departmenl 
5=Power 
6=Reservoir Conveyance 
7=nLM Waler Use 
8=Municipal Use 
9=Mining 
I 0=F100d Control 
II=Fisheries 

8 II Adj. 
IS II AdJ. 
45 II Adj. 
2.S 11 Adj. 

lOS AF II Adj. 
58 AF 11 Adj. 

Divs:rsion Localion 
Scc Two ROil 

8 11 84 
13 II 84 
21 12 84 

12 83 

33 11 83 
26 11 83 



and storage rights are listed in each table. The listings of both Wyoming and Colorado 

water rights were obtained from the respective State Engineer's Office in January 1991. 

III. STREAMFLOW RECORDS 

There are five United States Geologic Survey (USGS) gaging stations on the Grand 

Encampment and South Fork Grand Encampment Rivers. These stations and their period 

of record are: 

1. Encampment River above Hog Park Creek, near Encampment, Wyoming; 
Station Number 066238.00; 1965-Current. 

2. Encampment River near Encampment, Wyoming; Station Number 066239.00; 
1957-1964. 

3. Encampment River above Encampment, Wyoming; Station Number 
066240.00; 1940-1944. 

4. Encampment River at Encampment, Wyoming; Station Number 066245.00; 
1900, 1909-1924, 1929-1932. 

5. Encampment River at Mouth, near Encampment, Wyoming; Station Number 
066250.00; 1940-Current. 

In addition there are operational records for Hog Park Reservoir which is part of a trans-

basin diversion project operated by the City of Cheyenne. The records include daily 

diversions from the Little Snake River drainage basin, reservoir levels, and releases from 

Hog Park Reservoir. The releases from the reservoir are administratively controlled such 

that all natural flow into the reservoir must be passed through the reservoir. However, a 

minimum flow of 15 cfs must be provided from storage of Little Snake River drainage b~sin 

water when natural flows are not sufficient. Releases from the reservoir are limited to 200 

cfs unless the natural flow exceeds that amount. 
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The locations of gaging stations are shown in relation to the proposed instream flow 

segment on Figure 1. The flow records for all of the stations are presented in Tables 3 

through 7. 

IV. HYDROLOGY 

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

the proposed instream flow segment. All five gaging stations on the Encampment River 

were evaluated for use in predicting streamflows in the instream flow segment. A summary 

of the conclusions reached about each gaging station follows: 

1. Station Number 066238.00, above Hog Park Creek has a reasonably long 
period of record (25 years) and has almost no impact from upstream 
diversions. To use this station to estimate the flows at the downstream end 
of the proposed instream flow segment, it would be necessary to determine 
the water production from the downstream drainage area. Releases from Hog 
Park Reservoir can be added directly. 

2. Station Number 066239.00, near Encampment has 8 years of record which is 
insufficient to determine the availability of flow for instream flow purposes. 
Hog Park Reservoir has been constructed since the station was discontinued, 
so records would need to be adjusted to take that into consideration. 

3. Station Number 066240.00, above Encampment has a four-year period of 
record and is the gaging station closest to the downstream end of the instream 
flow segment. There is a good correlation between this station and Station 
No. 066250.00 at the mouth, so long term records could be developed by 
regression analysis. However, there have been considerable diversion rights 
adjudicated on both the Grand Encampment and North Fork Grand 
Encampment since 1944 making the relationship based on 1940-1944 records 
questionable for present conditions. 

8 



TABLE 3 

ENCAMPMENT RIVER ABOVE HOG PARK CREEK 
Station No.066238.00 
Average monthly Flow (cfs) 

YEAR oeTOHER ~OYFMIlER DECEMUEB lA~llABY EEIlBllABY MABCII AeRII MAY IU~E Illi Y AllGllSI SEI!rEMIlEB IOIAI (AE) 
1965 20.35 22.37 22.10 20.77 25.64 21.10 29.20 ISI.65 715.33 307.03 71.65 59.20 902IS 
1966 60.55 35.07 2S.45 26.68 20.36 21.29 51.03 331.71 280.73 61.65 27.52 18.97 58387 
1967 21.13 15.83 15.29 13.48 14.64 15.19 20.97 195.13 571.43 lSO.55 51.90 40.03 74342 
1968 25.65 18.60 15.48 14.06 12.75 13.84 20.93 136.45 707.17 187.19 59.26 33.67 74957 
1969 32.61 20.47 11.66 10.87 10.71 10.87 50.17 399.32 423.57 146.94 38.52 26.27 71584 
1970 29.84 25.33 24.35 21.97 22.36 24.87 26.43 283.45 736.87 298.48 51.55 44.43 95976 
1971 39.23 30.93 30.29 28.S7 28.11 24.52 48.80 264.97 876.13 366.45 63.39 42.70 111259 
1972 33.29 25.80 21.94 18.94 17.48 23.97 39.20 257.87 495.83 87.39 30.90 28.37 65228 
1973 29.68 27.57 22.03 18.55 17.43 21.06 21.07 211.00 576.77 191.65 53.52 31.10 73696 
1974 23.45 19.80 15.45 13.74 15.50 17.87 32.53 467.58 785.37 142.13 35.97 25.13 96330 
1975 26.87 24.83 20.06 17.48 16.43 15.45 19.33 142.32 673.10 470.81 63.84 30.93 91970 
1976 29.58 27.00 24.90 21.16 18.28 17.52 29.77 276.52 531.33 191.87 49.35 28.53 75306 

\0 1971 25.74 15.83 19.74 16.42 12.32 11.90 40.23 151.19 229.07 47.52 25.19 19.07 37091 
1978 21.94 15.57 21.90 17.61 19.32 20.52 42.83 245.90 914.20 354.74 52.65 29.73 105925 
1979 20.90 18.13 19.87 18.52 16.89 16.55 30.93 300.94 896.80 334.10 54.26 25.23 105769 
1980 22.65 26.60 22.32 21.55 21.07 19.81 34.03 309.06 825.37 199.68 38.90 26.67 94500 
1981 24.48 23.30 20.58 17.52 17.21 16.94 59.63 179.81 291.47 64.55 26.97 23.90 46229 
1982 37.16 25.03 25.19 21.06 15.68 14.81 36.37 284.84 853.67 475.48 70.52 40.67 114867 
1983 44.45 34.53 26.52 25.81 23.11 22.71 24.20 135.10 871.87 452.90 75.29 37.10 106996 
1984 44.90 35.00 32.10 22.55 20.48 20.90 24.53 357.35 797.33 340.74 70.68 63.40 110614 
1985 49.61 38.73 25.97 21.55 20.32 20.45 61.30 424.13 579.57 138.87 42.97 32.63 87999 
1986 38.32 29.10 26.65 24.71 25.61 30.52 69.03 370.77 867.90 229.29 52.61 43.30 109004 
1987 45.65 31.90 28.84 22.81 19.71 20.29 65.23 297.68 181.30 50.39 27.87 18.57 49113 
1988 19.00 20.50 17.20 18.50 16.30 16.50 43.10 279.00 608.00 91.70 34.30 29.90 71960 
1282 20.20 17.80 )8.20 )6·20 )6·20 )2.6() 76.50 262·00 287.00 68.70 22·60 22.40 ~2)80 

NRECOROS 25 25 25 25 25 25 25 25 25 25 25 25 25 
AVERAGE 31.49 25.02 22.28 19.68 18.59 19.16 39.89 270.11 623.33 222.03 47.97 32.88 82860 
STDDEV 10.72 6.54 5.02 4.25 4.15 4.33 16.20 88.80 227.04 134.17 15.53 11.20 22383 
MIN 19.00 15.57 11.66 10.87 10.77 10.87 19.33 135.10 181.30 47.52 25.19 18.57 37091 

MAX 60.55 38.73 32.10 28.87 28.11 30.52 76.50 467.58 914.20 475.48 75.29 63.40 114867 



TABLE 4 

ENCAMPMENT RIVER NEAR ENCAMPMENT 
Station No.066239.00 
A verage monthly Flow (cfs) 

YEAR OCTOUI'R t:lOYEMUFR DECEMBER IAt:lUARY EEBRUARY MARCil AfRII MAY IUt:lE Illi Y AUQUSI SEITEMBER IOIAI CAE) 
1957 22.61 25.00 23.00 22.00 25.00 28.00 43.27 306.03 1423.47 624.47 85.13 41.07 160937 
1958 33.26 32.00 30.00 26.00 23.00 20.00 50.73 714.48 710.03 96.10 33.48 32.73 109015 
1959 23.71 23.73 21.00 20.00 21.00 23.00 45.37 368.90 699.13 116.61 47.10 35.13 87112 
1960 71.94 45.80 28.00 25.00 23.00 31.19 149.13 526.94 713.93 127.32 38.10 26.23 109136 
1961 27.55 29.13 28.00 26.00 25.00 28.19 59.37 421.45 589.77 93.45 41.81 72.53 87043 
1962 85.03 64.00 54.00 45.00 66.43 58.16 282.87 851.90 725.13 222.58 50.97 33.50 153564 
1963 33.29 27.67 23.39 17.32 20.18 22.23 43.50 541.77 444.73 77.55 53.32 37.60 81332 
12~1 ~6 2~ ~1 31 2220 ~J 12 2355 22.52 55.20 ~22.55 2H·@ 221.~8 5§.58 HZQ 118857 

"RECORDS 8 8 8 8 8 8 8 8 8 8 8 8 8 
AVERAGE 40.54 34.34 28.79 25.34 28.40 30.04 91.18 528.88 781.35 197.82 51.06 39.19 113375 
STDDEV 22.44 12.93 9.98 7.96 14.46 11.24 79.62 168.31 275.80 169.79 15.00 13.21 28183 
MIN 22.61 23.73 21.00 17.32 20.18 20.00 43.27 306.03 444.73 77.55 33.48 26.23 81332 
MAX 85.03 64.00 54.00 45.00 66.43 58.16 282.87 851.90 1423.47 624.47 85.13 72.53 160937 

...... 
0 



TABLE 5 

ENCAMPMENT RIVER ABOVE ENCAMPMENT 
Station No.066240.00 
Average monthly Flow (cfs) 

YEAR QC[QUER t:iQYEMUER DECFMBFH lAt:illABY EEBRUARY MARCil AeHII MAY lilliE lIl1 Y. AllCHlSI SE~MBEB IQIAI (AE) 
1940 966.39 644.90 89.65 30.71 30.07 
1941 47.19 40.83 35.35 33.97 34.64 44.23 69.23 1010.39 743.53 124.00 60.00 46.30 139795 
1942 104.35 69.53 49.00 39.19 29.25 30.23 212.57 855.10 1431.43 217.32 49.55 37.00 188473 
1943 42.10 51.93 39.81 40.06 40.75 50.16 331.90 906.29 1397.80 261.26 79.06 35.27 197611 
12:H !II Hl !l0 80 33 !IS 3212 3255 !l0 4') 6233 101 06 131283 24681 !l268 2181 158518 

MRECORDS 4 4 4 4 4 4 4 5 5 5 5 5 4 
AVERAGE 58.69 50.77 39.40 36.35 34.30 41.26 170.76 887.85 1107.50 187.82 52.40 35.30 171115 
STDDEV 26.47 11.74 6.00 3.35 4.19 7.25 109.90 107.23 340.81 68.50 16.38 6.43 23138 
MIN 41.10 40.80 33.45 32.19 29.25 30.23 69.23 701.06 644.90 89.65 30.71 27.87 139795 
MAX lO·tH 69.53 49.00 40.06 40.75 50.16 331.90 1010.39 1431.43 261.26 79.06 46.30 197611 

..... ..... 



TABLE 6 

ENCAMPMENT RIVER AT ENCAMPMENT 
Station No.066245.00 
Average monthly Flow (cfs) 

~EAR OCTOBER t:iO~EMIlEB IlFCFMUFB IAt:iUARY EEIUU1AR~ MARCil APRil MAY ruNE JUI Y AUQ!lSl SEmMBEB lOlAI (AE) 
1911 1220.00 1420.00 209.00 96.00 131.00 
1912 140.00 70.00 5S.00 50.00 45.00 45.00 125.00 1158.29 2128.67 407.26 115.61 125.10 269502 
1913 89.61 60.00 50.00 45.00 40.00 45.00 333.50 1462.90 741.67 85.94 40.39 39.00 183925 
1914 28.71 35.00 35.00 30.00 35.00 50.42 190.57 1602.26 1564.47 214.45 40.16 36.20 234264 
1915 70.90 60.00 50.00 45.00 40.00 42.42 256.97 684.65 872.03 118.74 36.55 55.00 140699 
1916 61.29 44.97 40.00 35.00 35.00 50.00 282.30 1301.94 1630.67 224.65 98.19 70.93 234097 
1917 181.90 57.60 40.00 40.00 35.00 45.00 135.40 545.19 2619.83 1012.65 129.26 61.73 295599 
1918 70.39 90.00 60.00 50.00 40.00 50.00 221.43 900.00 1719.83 210.48 25.61 47.40 209933 
1919 96.45 75.13 50.00 40.00 35.00 40.00 254.00 1339.29 594.57 52.71 29.45 41.17 160683 
1920 50.23 SO.OO 40.00 40.00 35.00 40.00 200.00 1232.52 1980.00 350.55 59.94 53.83 249402 
1921 52.06 50.07 40.00 40.00 40.00 55.10 124.53 1501.10 2263.67 332.81 67.35 33.67 27TI24 
1922 22.26 30.27 30.00 25.00 25.00 30.00 65.90 978.00 1570.17 242.65 32.94 25.51 185738 
1923 27.81 25.83 25.00 25.00 25.00 30.00 111.40 940.90 1866.61 557.35 120.16 137.73 234910 

.-. 1924 81.26 58.00 39.00 33.00 28.17 33.00 260.00 1040.00 902.81 99.42 17.48 15.00 15TI47 
N 

1929 34.00 60.00 54.00 54.00 54.00 75.00 921.00 1687.42 2330.67 491.03 64.48 108.37 35TI61 
1930 100.68 65.00 45.00 38.00 42.00 50.00 338.21 703.13 744.60 57.74 73.58 46.27 139065 
1931 92.61 39.47 40.00 45.00 35.00 40.00 120.70 507.71 472.00 30.45 19.26 26.83 88812 
1232 ~I 68 ~I·RQ J6~ 3~~ ~QOO ~S·oo IS~,8Q 122~ 2~ 112Q 00 

"RECORDS 17 17 17 17 17 17 17 18 18 17 17 17 16 
AVERAGE 73.64 53.71 42.88 39.35 37.01 4S.06 240.99 1116.68 lSI 1.80 276.3S 62.73 62.05 213745 
S'l'D DEV 40.61 16.17 8.98 8.1S 6.92 10.24 187.06 343.89 633.46 237.66 36.01 37.95 66784 
MlN 22.26 25.83 25.00 25.00 25.00 30.00 65.90 507.71 472.00 30.45 17.48 IS.00 88812 
MAX 181.90 90.00 60.00 54.00 54.00 75.00 921.00 1687.42 2619.83 1012.65 129.26 137.73 3STI61 



TABLE 7 

ENCAMPMENT RIVER AT MOUTH 
Station No.066250.00 
Average monthly Flow (cfs) 

YEAR OO'OUER NOVEMBER DECEMBER JANUARY fEBRUARY MARCH APRIl. MAY JUNE JUl.Y AUGUST SEPTEMBER TOTAUAf) 

1940 881.03 543.23 47.51 10.52 34.17 
1941 64.00 59.37 51.84 44.97 53.82 55.35 86.77 980.48 650.83 90.39 55.68 56.87 136356 
1942 130.13 83.91 60.00 50.00 40.00 52.19 224.47 852.11 1369.01 173.81 21.55 38.77 187133 
1943 56.29 63.53 54.32 52.29 56.11 59.10 328.13 863.14 1439.20 225.03 47.00 30.83 197415 
1944 55.32 66.17 53.65 41.13 46.31 53.94 11.21 664.06 1226.37 201.19 21.35 21.83 153211 
1945 59.65 60.23 50.35 50.23 59.89 60.81 86.91 938.61 1498.33 611.68 175.23 83.81 225921 
1946 16.58 14.00 66.00 60.84 53.82 13.35 348.77 102.32 860.61 102.52 40.26 45.91 151075 
1941 81.61 10.61 56.68 53.55 61.04 12.52 118.43 1112.13 1101.30 332.84 54.45 59.93 192190 
1948 14.19 68.13 56.11 44.11 48.45 74.71 142.03 1136.61 915.77 75.52 21.52 25.80 162569 
1949 74.35 13.41 60.52 65.35 61.50 71.81 194.23 1102.77 1104.37 321.68 40.48 38.73 230202 
1950 93.48 70.11 56.19 52.91 58.89 59.90 156.51 114.23 1632.61 313.35 38.19 68.10 199640 
1951 71.13 70.90 71.42 60.52 54.29 62.68 101.03 916.61 1115.61 288.03 79.23 39.83 177642 
1952 92.14 56.20 52.03 46.48 43.10 48.19 204.37 1251.58 1937.07 215.74 51.39 45.81 244451 
1953 42.23 49.90 50.71 51.68 58.01 58.68 91.83 410.87 1189.81 93.03 55.13 26.63 130923 - 1954 36.77 66.37 10.45 14.65 57.07 54.61 188.33 602.52 316.31 38.39 23.29 14.20 93316 w 1955 41.17 43.43 56.71 40.97 35.75 48.45 91.57 604.19 584.77 71.32 41.94 27.83 102139 
1956 42.68 67.60 63.68 49.48 51.83 69.81 171.83 1042.77 994.63 55.16 25.84 25.47 160901 
1951 40.13 65.91 54.81 51.91 62.79 57.94 82.93 509.94 1942.67 871.29 80.45 52.10 233514 
1958 62.61 12.43 75.61 66.32 66.18 55.61 96.37 990.42 854.73 48.90 22.26 29.60 147612 
1959 48.61 51.90 53.52 50.90 54.96 52.42 85.10 434.35 831.90 109.16 26.26 38.77 111037 
1960 112.10 83.50 61.29 50.68 47.10 64.06 221.73 645.00 919.80 98.94 27.94 29.20 142875 
1961 41.65 61.30 59.84 55.16 51.00 54.65 81.40 519.84 649.50 61.26 33.10 110.50 107304 
1962 136.19 101.17 85.03 13.23 114.86 89.48 352.30 1096.39 969.33 249.10 31.00 36.63 202227 
1963 69.23 62.73 50.97 34.23 45.01 50.03 91.70 749.90 599.30 59.42 56.74 51.43 116237 
1964 37.55 64.51 49.23 31.42 36.10 44.48 12.00 660.48 1111.40 225.48 41.52 43.40 146319 
1965 51.00 58.57 60.06 56.42 55.14 55.68 102.67 644.71 1934.67 618.35 119.03 140.93 234867 
1966 165.35 146.90 90.03 63.16 56.93 83.45 175.80 119.32 481.07 85.03 48.13 45.10 130844 
1961 56.90 60.30 56.45 59.35 87.54 70.94 93.20 527.42 1346.61 419.10 82.74 93.00 117929 
1968 82.84 64.37 58.00 54.19 60.91 77.06 82.37 410.55 1566.50 242.61 94.97 66.60 112145 
1969 86.06 12.30 61.48 53.94 56.71 60.87 113.27 960.26 794.13 202.32 54.00 49.01 158812 
1910 78.35 75.57 67.06 57.55 65.86 65.81 76.17 829.00 1738.67 483.23 70.61 78.83 222424 
1971 98.61 90.27 88.87 75.23 68.01 73.23 177.01 751.81 2029.00 516.10 80.35 61.50 251328 
1972 91.55 83.83 74.29 75.32 73.93 74.16 123.37 647.03 1210.80 110.17 38.10 45.83 159683 
1913 71.94 92.00 74.52 63.11 48.93 56.45 111.03 768.68 1325.33 306.14 96.29 56.30 185819 
1974 60.11 91.23 71.87 51.81 61.89 10.71 123.80 1174.61 1103.50 210.19 58.81 49.03 229031 
1915 62.81 64.30 61.74 55.65 61.04 61.94 89.11 517.87 1536.30 871.68 101.84 50.03 213505 
1976 56.26 13.50 15.32 63.26 54.17 56.42 109.40 748.91 1048.53 312.81 84.58 54.61 165580 
1971 47.45 42.60 61.94 59.16 60.36 45.90 121.21 340.00 319.53 55.29 38.61 28.83 74055 
1978 49.06 52.07 52.42 60.10 41.00 59.45 122.10 618.00 1935.33 515.58 84.68 51.60 223059 
1979 65.45 75.61 10.48 40.23 46.29 11.61 141.70 841.16 1138.61 555.03 91.39 41.30 228492 



TABLE 7 (continued) 

ENCAMPMENT RIVER AT MOUTH 
Station No.066250.00 
Average nl011lhly Flow (cfs) 

YEAR QC[OBER NOYEMBER DECEMBER JANUARY FEBRUARY MARCil APRIL MAY JUNE JULY AUGUST SEPTEMBER IOTAUAf) 

1980 29.39 60.01 69.35 61.32 40.28 50.97 156.73 935.48 1535.90 335.06 48.16 43.00 203597 
1981 40.65 61.40 75.77 74.26 66.11 57.00 117.50 383.65 547.03 90.06 47.45 33.70 96504 
1982 93.71 81.00 73.13 47.61 53.71 70.65 116.10 796.97 1835.67 901.77 177.81 90.20 262223 
1983 142.10 111.97 90.45 78.48 65.86 77.87 100.40 506.52 1977.67 805.23 145.90 62.23 251216 
1984 115.06 105.51 85.10 75.65 66.83 67.03 120.93 1200.32 1711.33 582.71 130.58 117.60 268469 
1985 116.10 99.40 92.84 83.42 78.21 79.29 199.23 1053.97 958.37 167.16 73.26 59.00 185092 
1986 110.00 91.80 72.39 68.35 76.68 100.13 271.00 982.42 1871.57 385.71 56.58 72.47 251058 
1987 138.77 114.90 85.26 72.13 72.79 72.10 206.70 597.23 192.70 62.00 47.29 40.00 103111 
1988 51.00 73.30 74.50 67.80 66.20 75.60 161.00 763.00 1157.00 115.00 38.30 44.60 162100 
1282 5160 18 ~Q 1030 5110 S11g 111 00 22200 ~11 00 ~1600 8010 6120 ~130 106200 

II RECORD 49 49 49 49 49 49 49 50 50 50 50 50 49 
AVERAGE 74.69 74.56 66.03 58.24 S8.S1 65.23 141.14 711.83 1199.22 283.82 62.22 52.05 116943 
STD DEV 31.76 19.49 12.04 11.31 13.58 13.76 69.85 236.74 514.83 240.41 37.14 24.76 50834 

~ MIN 29.39 42.60 49.23 34.23 35.75 44.48 71.27 340.00 192.70 38.39 10.52 14.20 74055 
~ MAX 165.35 146.90 92.84 83.42 114.86 117.00 352.30 1257.58 2029.00 901.77 177.81 140.93 268469 



4. Station 066245.00 at Encampment has about 20 years of records all before 
1932. These records do not overlap with any other records so there is no way 
of correlating them to other station records. 

5. Station 066250.00 at mouth has the longest period of record (1940-current) of 
any station. The records would have to be adjusted to the instream flow 
segment because between the station and the instream flow segment there are 
numerous diversions and a major tributary, North Fork Grand Encampment 
River. There are few records for the North Fork Grand Encampment River 
and diversion records are incomplete making it impractical to adjust the flow 
at the mouth to the instream flow segment. 

From this analysis it was concluded that the best method to generate flows for the 

instream flow segment was to base the flows upon the gaging station above Hog Park Creek, 

No. 066238.00. To build streamflow records for the downstream end of the instream flow 

segment, the drainage basin above that point was broken into three portions: drainage basin 

above the gaging station above Hog Park Creek, Hog Park Creek drainage basin above and 

including Hog Park Reservoir, and the remaining portion of the drainage basin. Streamflow 

was developed for all three drainage areas for the period 1965-1989 and the flows were 

added together to determine the flow at the downstream end of the instream flow segment. 

Water rights are taken into consideration for each segment where appropriate. The 

procedure used for each sub-basin is described below. 

Streamflow from the drainage area above the gaging station on the Encampment 

River above Hog Park Creek is essentially natural. The only water rights which might 

reduce the flow in the Encampment River are those on the tributaries to Coon Creek 

(Permit Nos. 17165 and 19166). These rights permit a diversion out of the basin, however, 

the diversion point is very high in the drainage and water supply is limited. The amount of 

the diversion is a small portion of the total basin flow reflected in the measurements taken 
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at the gaging station, therefore no adjustment is necessary. In Colorado all of the water 

rights are for minimum stream flow and minimum lake levels so there is no impact. There 

is a minimum flow right on the South Fork Grand Encampment River in Colorado of 45 cfs. 

Flows from the Hog Park Reservoir drainage basin are controlled by Hog Park 

Reservoir and administratively regulated. The reservoir is operated by the City of Cheyenne 

and by agreement with the U.S. Forest Service, the City is required to release a minimum 

of 15 cfs or the natural flow from the Hog Park drainage, whichever is more. There is also 

a maximum release level of 200 cfs unless the natural flow is higher. According to the City 

of Cheyenne, the flows for the late spring and early summer are very near the 200 cfs limit. 

For this analysis it is assumed that the flow in May and June is 200 cfs. Any natural flows 

higher than 200 cfs would be of very short duration and should not significantly affect the 

monthly average. For the remainder of the year the 15 cfs minimum flow rate was used in 

order to be conservative. To determine if this assumption is reasonable, the natural flows 

in the basin were estimated using the yield per square mile above the Encampment River 

gaging station drainage area. With this, the Hog Park Reservoir drainage basin area would 

yield less than 15 cfs for all months except May through July. Therefore, the administrative 

release of 15 cfs would be in effect. The water production is most likely less per square mile 

in the Hog Park Reservoir due to it's lower mean basin elevation, so this method may over

predict natural flows. Therefore utilizing a flow rate of 200 cfs for May and June and 15 cfs 

for all other months is conservative but reasonable. 

Flows for the balance of the drainage area above the downstream end of the instream 

flow segment (excluding the Encampment River above Hog Park Creek gaging station and 
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Hog Park Reservoir drainage basins) were estimated as follows: The portion of the 

remaining drainage which has a mean basin elevation equal to that of the basin above gaging 

station 066238 (9,540 feet) was assumed to yield the same amount per square mile as for the 

gage. That portion of the basin at lower elevations is conservatively assumed to yield no 

water. Basin areas and elevations are presented in Table 8. 

Table 8 
Drainage Basin Areas and Elevations 

Grand Encampment River Basin 

Drainage Basin 

Gaging Station No. 066238.00 
Hog Park Reservoir 

Drainage 
Area 

(Square Miles) 

Balance of Basin Above Downstream 
End of Instream Flow Segment 

72.7 
12.1 
85.2 

Mean Basin 
Elevation 
(Feet MSL) 

9,540 
9,040 
8,780 

Area With 
Mean Elevation 
9540 Ft. MSL 
(Square Miles) 

72.7 
4.0 

22.9 

This assumption results in the balance of the drainage basin above the downstream end of 

the instream flow segment producing 31.5% (22.9/72.7) of the flow at the gaging station 

number 066238. This flow has to be adjusted for existing water rights. All of the 

adjudicated reservoirs, except for Hog Park are small. It is assumed that these will be filled 

during the spring and have no impact on low flows. The adjudicated diversion rights are 

divided into two groups, those utilized in basin and those utilized for out of basin diversions. 

The adjudicated diversions utilized in the basin total 12.74 cfs excluding supplemental 

supplies. These diversions are only from tributaries to the South Fork Grand Encampment 

River and irrigate lands along those tributaries. It is assumed that return flow is high and 

most of it is returned to the streams very quickly therefore no adjustment is made. 
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The out-of-basin diversions include those on Billy Creek and its tributaries and Coon 

Creek. As discussed previously the Coon Creek diversions are above the gaging station so 

their influence is accounted for in the gaging station records. The Billy Creek diversions 

total 7.75 cfs plus 23.86 cfs for supplemental supplies. This is much more water than is 

available at the point of diversion since the diversion is very high in the drainage. To 

account for these diversions, the drainage area above the diversion (2.5 square miles) is 

assumed to be completely diverted so that the contributing area to the downstream end of 

the instream flow segment is reduced from 22.9 square miles to 20.4 square miles for the 

assumed irrigation months of April through September. Thus the 20.4 square miles would 

produce 28.1% (20.4/72.7) of the flow at gaging station number 066238. 

From this, the following equations were developed to generate flows at the 

downstream end of the instream flow segment: 

y 
X 

= 
= 

October-March 
April 
May-June 
July-September 

Flow at Downstream end of instream flow segment in CFS 
Flow at Gaging Station Number 066238 

y = X + 0.315 X + 15 
Y = X + 0.281 X + 15 
Y = X + 0.281 X + 200 
Y = X + 0.281 X + 15 

These equations were used to generate the flows at the downstream end of the 

instream flow segment which are presented in Table 9 for 1965 to 1989. Note that the 

constant added to the computed flow is the mandatory release from Hog Park Reservoir. 

Thus, when comparing the flow computed by these equations to the recorded flow at gaging 

station number 066240, the releases from the reservoir add to the natural flows. 
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TABLE 9 

SOUTH FORK GRAND ENCAMPMENT RIVER 
IN STREAM FLOW SEGMENT NO.1 
Generated Flows at Downstream End 
Average Monthly Flows (cfs) 

YEAB OCTOUEB ljOYEMBER DECEMBER JAl::lUARY EEBBl1ABY MABCII APRil MAY JUNE JUl.Y AUQUSl SEITEMBER lOlAI CAE) 
1965 41.76 44.42 44.06 42.31 48.72 42.75 52.41 432.69 1116.34 408.31 106.78 90.84 149085 
1966 94.62 61.12 52.41 50.08 41.77 43.00 80.37 624.92 559.62 93.97 50.25 39.30 108436 
1967 42.79 35.82 35.11 32.73 34.25 34.97 41.86 449.96 939.69 335.95 81.48 66.28 128672 
1968 48.73 39.46 35.36 33.49 31.77 33.20 41.81 374.79 1105.88 254.79 90.91 58.13 129438 
1969 57.88 41.92 30.33 29.29 29.16 29.29 79.27 711.53 742.59 203.23 64.34 48.65 125144 
1970 54.24 48.31 47.02 43.89 44.40 47.70 48.86 563.10 1143.93 397.35 81.04 71.91 156495 
1971 66.59 55.67 54.83 52.96 51.96 47.24 77.51 539.43 1322.32 484.42 96.20 69.70 176141 
1972 58.78 48.93 43.85 39.91 37.99 46.52 65.22 530.33 835.16 126.95 54.58 51.34 117049 
1973 54.03 51.25 43.97 39.39 37.92 42.69 41.99 470.29 938.84 260.50 83.56 54.84 127930 
1974 45.84 41.04 35.32 33.07 35.38 38.50 56.67 798.97 1206.06 197.07 61.08 47.19 156745 
1975 50.33 47.65 41.38 37.99 36.61 35.32 39.76 382.31 1062.24 618.11 96.78 54.62 151305 
1976 53.90 50.51 47.74 42.83 39.04 38.04 53.14 554.22 880.63 260.79 78.22 51.55 129950 
1977 48.85 35.82 40.96 36.59 31.20 30.65 66.53 393.67 493.44 75.87 47.27 39.43 80966 ..- 1978 43.85 35.47 43.80 38.16 40.41 41.98 69.87 515.00 1371.09 469.42 82.44 53.08 169175 \.0 
1979 42.48 38.84 41.13 39.35 37.21 36.76 54.62 585.50 1348.80 442.98 84.51 47.32 168962 
1980 44.18 49.98 44.35 43.34 42.71 41.05 58.59 595.91 1257.30 270.79 64.83 49.16 154521 
1981 41.19 45.64 42.06 38.04 37.63 37.28 91.39 430.34 573.37 97.69 49.55 45.62 92110 
1982 63.87 41.91 48.12 42.69 35.62 34.48 61.59 564.88 1293.55 624.09 105.34 67.10 180676 
1983 73.45 60.41 49.87 48.94 45.39 44.86 46.00 373.06 1316.87 595.16 111.45 62.53 170672 
1984 74.04 61.03 57.21 44.65 41.93 42.48 46.42 657.77 1221.38 451.49 105.54 96.22 175250 
1985 80.24 65.93 49.15 43.34 41.72 41.89 93.53 743.31 942.43 192.89 70.04 56.80 146334 
1986 65.39 53.27 50.04 47.49 48.68 55.13 103.43 674.96 1311.78 308.72 82.39 70.47 173238 
1987 75.03 56.95 52.92 45.00 40.92 41.68 98.56 581.33 432.25 79.55 50.70 38.79 96506 
1988 39.99 41.96 37.62 39.33 36.43 36.70 70.21 557.40 978.85 132.47 58.94 53.30 125605 
1989 41.56 38.41 38.93 37.22 37.22 40.77 226.72 544.59 561.65 103.00 52·22 43.69 107040 

NRECORDS 25 25 25 25 25 25 25 25 25 25 25 25 25 
AVERAGE 56.41 41.91 44.30 40.88 39.44 40.20 70.65 546.01 998.48 299.42 76.45 57.11 139922 
STDDEV 14.10 8.60 6.60 5.59 5.46 5.69 36.80 113.75 290.84 171.87 19.90 14.35 28347 
MIN 39.99 35.47 30.33 29.29 29.16 29.29 39.76 373.06 432.25 75.87 47.27 38.79 80966 
MAX 94.62 65.93 57.21 52.96 51.96 55.13 226.72 798.97 1371.09 624.09 111.45 96.22 180676 

REQUEST 54 54 54 54 54 S4 S4 54 S4 54 54 54 



v. MEAN MONTHLY FLOW ANALYSIS 

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

segment are presented in Table 9. Included with the 25-year means are the standard 

deviation, minimum and maximum flows, and the flows requested by WGFD. Figure 2 

graphically compares the mean monthly flows to the requested flows. 

As can be seen, the requested flow is available in the average year during the months 

of April through October. The requested flow is not available during the winter months of 

November through March. 

VI. DRY YEAR FLOW ANALYSIS 

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

flow segment are presented in Table 10. The table shows the flows in acre-feet ranked by 

yearly flow and ranked by flow during each instream flow period. The ability of South Fork 

Grand Encampment River to meet the requested instream flows was evaluated for dry years 

using two methods. First, the requested flows are compared to those available in the driest 

year on record determined by total annual flow. Second, the requested flows are compared 

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

second procedure was utilized because the lowest flow period does not necessarily 

correspond to the lowest year by total annual flow. The average of the lowest three years 

gives a better indication of general low flow conditions. 
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FIGURE 2:S. FORK GRAND ENCAMPMENT 
AVERAGE MONTI-IL Y AND REQUESTED FLOWS 
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TABLE 10 

RANKING OF FLOWS IN ASCENDING ORDER 
South Fork Grand Encampment River 
Downstream End of Instream Flow Segment 
Total Flow (Acre-Feet) 

OCTOBER-MARCH APRIL-ruNE -SEPTEMBER 

AF Year AF 
1977 80917 
1981 92673 
1987 96432 

1977 13521 1989 73672 1981 12007 1989 100208 
1974 13798 1966 76092 1989 12438 1966 108244 
1988 13967 1967 85468 1972 14522 1972 116798 
1989 14098 1972 85630 1988 15265 1969 124990 
1979 14199 1973 86662 1974 19104 1988 125270 
1978 14672 1975 88438 1969 19789 1973 127886 
1981 14925 1976 89022 1985 19994 1967 128779 
1975 15015 1968 90675 1980 24115 1968 129357 
1965 15856 1969 92061 1976 24474 1976 129891 
1980 16016 1965 95459 1973 24995 1985 146056 
1973 16229 1988 96038 1968 25299 1965 149303 
1976 16395 1983 103243 1986 28919 1975 151841 
1982 16460 1970 104797 1967 30325 1980 154189 
1972 16646 1985 106626 1970 34516 1974 156177 
1970 17199 1980 114059 1979 36113 1970 156512 
1987 18859 1982 114489 1965 37989 1979 168881 
1986 19281 1984 114963 1978 38004 1978 169200 
1984 19389 1971 115606 1971 40834 1983 171057 
1985 19437 1978 116524 1984 40965 1986 173012 
1983 19466 1979 118569 1983 48348 1984 175317 
1971 19826 1974 123275 1975 48388 1971 176267 
1966 20721 1986 124811 1982 50068 1982 181017 
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Using annual total flows, the driest year on record for the generated flows is 1977. 

A summary of data for that year is presented in Table 11: 

Table 11 
Monthly Flow During Driest Year on Record (1977) and Requested Flow 

South Fork Grand Encampment River at Downstream End 

Monthly 
Flow 

Month (cfs) 

October 48.9 
November 35.8 
December 41.0 
January 36.6 
February 31.2 
March 30.7 
April 67.9 
May 391.6 
June 490.2 
July 77.5 
August 48.1 
September 40.1 

of Instream Flow Segment No.1 

Requested 
Flow 
(cfs) 

54 
54 
54 
54 
54 
54 
54 
54 
54 
54 
54 
54 

Shortfall 
(cfs) 

5.1 
18.2 
13.0 
17.4 
22.8 
23.3 

5.9 
13.9 

TOTAL 

Volume of 
Shortfall 

(AF) 

314 
1,083 

799 
1,070 
1,266 
1,433 

363 
827 

7,155 

Shortages occur during the winter months of November through March as they do in an 

average year. Additionally the late summer and fall months of August through October 

experienced shortages. A bar graph comparing the 1977 monthly flows to the requested flow 

is presented on Figure 3. 
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FIGURE 3: S. FORK GRAND ENCAMPMENT 
DRIEST YEAR (1971) AND REQUESTED FLOWS 
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Using the three lowest flow years by instream flow period results in different years 

being utilized. By period, the three driest years are: 

October - March 

April - June 

July - September 

1967, 1969, 1968 

1977, 1981, 1987 

1977, 1987, 1966 

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

Table 12. 

Table 12 
Monthly Flows During the Average of 3-Driest Years by Period 

and Requested Flows 
South Fork Grand Encampment River at Downstream End of 

Instream Flow Segment 
3-Year 

Mean Monthly Requested Average Volume of 
Flow Flow Shortfall Shortfall 

Month (cfs) (cfs) (cfs) (AP) 

October 49.8 54 4.2 258 
November 39.1 54 14.9 887 
December 33.6 54 20.4 1,254 
January 31.8 54 22.2 1,365 
February 31.7 54 22.3 1,238 
March 32.5 54 21.5 1,322 
April 87.4 54 
May 465.5 54 
June 496.4 54 
July 84.9 54 
August 50.3 54 3.7 288 
September 39.8 54 14.2 845 

TOTAL 7,397 
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This analysis is very similar to that for the driest year. The volume of shortfall is very 

close 7,155 AF versus 7,397 AF with the same months, August through March, falling below 

the requested flow of 54 cfs. Figure 4 is a bar chart relating the average of the three lowest 

years by period to the requested flow. 

VII. RESERVOIR OPERATION STUDY 

Since the estimated historic flows of the South Fork of the Grand Encampment River 

at the downstream end of the proposed Instream Flow Segment No. 1 are not always 

sufficient to fulfill the requested flows, a cursory study was conducted to estimate whether 

storage could provide water to satisfy the entire request and/or the request for the critical 

period of July through September. The WGFD does not consider that storage is necessary 

to supplement natural winter flows. 

For informational purposes a simple water balance was completed to determine the 

feasibility of utilizing storage to supplement flows during dry years and to supplement winter 

flows. Storage of water in the North Platte River is a complex issue beyond the scope of 

this report. The North Platte system is over appropriated and any construction of storage 

facilities or alteration in the operation of existing facilities would require careful analysis to 

determine impacts to downstream users and existing agreements. Therefore this analysis 

only considers quantities of water, not regulatory or political feasibility. 
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For this analysis the average year, driest year and the average of the three driest 

years are considered and presented in Table 13. The excess water was calculated by 

subtracting the requested instream flow from the predicted streamflow. 

Shortfall for 
Entire Year 

Shortfall for 
July-September 

Excess Flow 

Table 13 
Annual Flow Shortages and Excesses (Acre-Feet) 

Average Driest 
Year Year 

3,422 7,155 

-0- 1,190 

104,000 49,000 

Driest 3-Year 
By Period 

7,397 

1,133 

55,500 

From this analysis it is shown that from a water balance point of view, storage could easily 

be used to supplement flows even in the driest years. Again, this does not consider the 

constraints of existing agreements or water rights. 

VIII. 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 is available 50% of the time. The 

WGFD has not developed exceedence criteria for other times of the year. Therefore a daily 

flow duration analysis was conducted. For completeness the analysis includes all three 

instream flow periods. Daily flow-duration data were obtained by periods from the 

Wyoming Water Research Center WRD System for Station No. 066238.00 above Hog Park 

Creek. These data were adjusted by adding the predicted flows from Hog Park Reservoir 
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and the balance of the drainage area above the downstream end of the instream flow 

segment to the data for the gaging station. To be conservative for the entire April to June 

period, the flow from Hog Park Reservoir was limited to the minimum of 15 cfs when 

actually it is usually much nearer 200 cfs for May and June. 

The daily duration curves for the gaging station Encampment River above Hog Park 

Creek and as adjusted for the downstream end of the instream flow segment are presented 

in Figures 5 through 7. A summary of the WGFD exceedence criteria and the actual 

exceedence values are presented in Table 14. While the WGFD has no exceedence criteria 

for times of year other than July through September, they have stated that instream flows 

at the other times should equal natural flows up to the recommended amounts. 

Table 14 
Daily Flow Exceedence Summary 

Exceedence 
Requested WGFD Calculated for 

Instream Flow Exceedence Criteria Period of Record 
Period (cfs) % of Time % of Time 

October - March 54 N/A 18 

April-June 54 N/A 80 

July - September 54 50 76 

This indicates that the flow of 54 cfs during the July - September period is available 76% 

of the time which exceeds the WGFD exceedence criterion of 50%. The two other periods 

do not have exceedence criteria. It can be seen that for the April - June period the 

exceedence is at least 80% using the conservative assumption of 15 cfs from Hog Park 
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Reservoir. Actually the exceedence is near 100% for the months of May and June since the 

discharge is usually near 200 cfs. This would make the exceedence for the period well over 

90%. Flows during the October - March period show 18% exceedence. Much of the 

exceedence occurs in October and early November before the stream reaches it's lowest 

baseflow which is less than 54 cfs. 

IX. CONCLUSIONS 

The mean monthly flow analysis indicates that on average for the-South Fork Grand 

Encampment River Instream Flow Segment No.1, the WGFD instream flow request of 54 

cfs can be met except for some shortfall the late fall and winter period from November 

through March. During extremely dry years this period is extended -to include the late 

summer and early fall months from August through October. Shortages could easily be met 

with storage but there are many regulatory and legal constraints to such an option and the 

WGFD does not consider storage is necessary if the July through Sept~mber flow request 

is met at least 50% of the time. The daily exceedence criterion of 50%' during the late 

summer period is easily met, the actual exceedence is 76%. 
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WYCMING GAME AND FISH DEPARIMENT 
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PROJEcr: IF-5088-o7-8801 

AtJIHOR: Gerald F. vcgt, Jr. arxi 'lhamas· C. Annear 

DATE: February 1989 

lNI'ROWcrrON 

Data were collected during the 1981 field season to cooouct instream flCY.J 
analyses for a sec;;rnent of the Encampment River located approximately 2 miles upstream 
from the Town of Encampment, Wyoming. '!he study was designed to provide results 
which could be used to detennine .instream flow nee::is for trout as well as to evaluate 
potential flow related impacts of stream flow mcx:lificatioDS to the s--~eam fishery. 

METHOCS 

Study Area 

'!he Encampment River is considered a Class 2 stream by the Wyoming Game an:i Fish 
Department (~FD). Stream classifications throughout Wyoming range from Class 1 
(highest rating) to Class 5 (lowest rating). Class 2 streams are generally 
considered bnportant trout fisheries on a statewide basis. Less than 6% of all 
streams in the state are Class 2 or better streams. 

'!he Encampment River contains naturally reproducing populations of rainl::xJw, brown 
and brook trout. '!be stream is currently managed as a wild fishery for rainl::xJw 
trout; therefore no fish are stocked here by the ~FD. '!he study segment of the 
Encampment River passes almost exclusively through public lands making it generally 
accessible to the public. Because this see-~on of the Encampment River supports an 
bnportant trout fishery and has public access, this segment was identified as a 
critical reach. 

Data Collection 

All of the field data used in this study were collected from a 339 foot long 
study site located on Bureau of Land Management property in the southwest quarter of 
S13, T14N, R84W. '!his site is located approximately 2 miles upstream from the town 
of Encampment (Figure 1). '!his site contained a combination of pool and riffle 
habitat for trout that was representative of trout habitat features found throughout 
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Figure 1. ~t~p showing location of 1981 study site on the Encampment River 
near Encampment, WY. 
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this portion of the stream. Results arx:i ~tions were applied to a portion of 
the stream exten:li.ng from the north bourxiazy of the NW 1/4, NW 1/4 of S13, T14N, R84W 
upstream to the mouth of Hcg Park Creek in the NE 1/4, NW 1/4, S10, T12N, RB4W. 

In accordance with the 1986 Instream Flow legislation, the goal of this stu:iy was 
to detennineinstream flows necessa:ty to naintain or ~rove the existing trout 
fishery in the above segment of Encampment River. 'Ihe specific objectives of this 
study were to deter.mine inst:ream flows necessa:ry to 1) maintain or improve physical 
habitat for rainbow trout spawnin;J during the sprlnj, 2) maintain or inprove 
hydraulic characteristics in the winter that are important for survival of trcut, 
fish passage arxl aquatic insect production, arx:i 3) maintain or improve adult trout 
production duri.m the late SUII1I1er months. 'Ihree habitat m::de1s were used to make 
these determinations. 

Mcde1s 

A physical habitat simulation mcxiel (FHABSIM) developed by the Instream Flow 
sex:vice Group of the u.s. Fish arx:i Wildlife service (Bovee arx:i Milhous 1978) was used 
to quantify incremental changes in the anomt of physical habitat available for 
rainbow trout spawnin;J and incubation at various discharge rates. '!he amount of 
physical habitat available at a given discharge is expressed in teJ:lDS of weighted 
usable area (WUA) and reflects the composite suitability of depth, velccity ani 
substrate at a given flow. Depth, velocity and substrate data were collected at six 
transects as described in Bovee arx:i Milhous (1978). Dates and discharge rates when 
data were collected are given in Table 1. '!he WUA for rainbow trout was si.nul.ated 
for flows ranging from 10 to 500 cubic feet per second (cfs) using calibration and 
modelin:J techniques outlined in Milhous et ale (1984) 

Table 1. Dates and clisc..~es when inst:ream flow data were collected. 

Date 

04-15-81 
05-14-81 
08-26-81 

Discharge (cfs) 

115 
210 

44 

A Habitat Retention method (Nehring 1979: Annear and Conder 1984) was used to 
identify a maintenance flOVl. A naintenance flow is defined as a continuous flOVl that 
is needed to maintain minimum hydraulic criteria at riffle areas in a stream segment. 
'Ihese criteria are important at all tiInes of year to maintain passage between 
different habitat types for all life stages of trout. 'Ihese criteria are also 
llnportant for maintaining survival rates of fish and aquatic nacroinvertebrates 
during the winter that approximate rates observed under natural stream flow 
conditions. Data from single t...~...s placed across four riffles within the study 
area were analyzed with t.~e IFG-l computer p~ (Milhous 1978). Flow data hTere 

collected at three different flow levels (Table 1). The maintenance flOVl is 
identified as the discharge at which two of the three criteria in Table 2 are met for 
all riffles in the study area. 
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Table 2. Hydraulic criteria used to obtain an instream flow reconunendation using the 
Habitat Retention method. 

categOl:V 

Average Cepth (ft) 
Average Velocity (ft per ~) 
Wetted PeriIneter (percent) 

1 - At average daily flCM 

criteria 

Top width1 x 0.01 
1.00 

60 

2 - COmpared to wetted perilneter at bank full corrlitions 

'!he Habitat Quality Index (HQI) developed by the Wyoming Game arx:1 Fish Department 
(Binns and Eisennan 1979) was used to estimate potential changes in trout stan:ling 
crops aver a range of late sununer flow corxiitions. '!his mc::rlel incorporates seven 
attributes that address chemical, physical arrl biological components of trout 
habitat. Results are expressed in habitat units (HU). One HU is defined as the 
annmt of habitat quality which will support 1 ~ of trout. Analyses obtained 
from this method apply to the tiIne of year that governs trout production. on the 
Encampment River this time pericd is between July 1 arrl September 30. 

By measuring habitat attributes at various flow events as if associated habitat 
features were typical of late summer flow corxiitions, HU estimates can be made for a 
range of theoretical surmner flows. Habitat attributes on the Encampment River were 
measured on the same dates and. flCM levels that data were collected for the FHABSIM 
and Habitat Retention mc::rlels (Table 1). ,To better define_ the potential impact of 
other late summer flow levels on trout prcduction, some attributes were derived 
mathematically or obtained fram existing gage data. Gage data were obtained from a 
U.S. Geological SUrvey gage located on the Encampment River upstream from the mouth 
of Hog Park Creek for the pericd 1965 to 198q. A regression equation was developed 
to relate the discharges at the USGS gage with discharges measured at the study site. 
'!his equation was used to det.ennine the annual stream flow variation and critical 
period stream flow, two variables of the HQI, at the study site. 

Results from the FHAESlM analysis were used to identify the flows needed to 
maintain or ilnprove physical habitat for the rainbow trout spawning and incubation 
period. 'Ihis pericrl extends from April 1 to June 30. 

Results from the Habitat Retention model were used to identify a flow from 
october 1 to ~~ 31 which would maintain t..."'"Out survival and passage and aquatic 
insect survival. 

Results from the HQI mcxiel were used to identify the flow needed to maintain 
existing levels of trout production between July 1 and September 30. 

Results from the Habitat Retention rocx:iel' showed that the hydraulic criteria in 
Table 2 are met at flows of 54.1, 48.3, 22.6 and 25.0 cfs for riffles 1, 2, 3 and 4, 
respectively (Table 3). '!he maintenance flow derived from this methcd is defined as 
the flow at which ~NO of the three hydraulic criteria are met for all riffles in the 
study site which in this case is 54. 1 cfs. Maintenance of this flow at all times of 
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year except when higher flows are needed for other fishery purposes will maintain 
this stream fishery. 

Table 3. Simulated hydraulic criteria for four riffles on the Encampment River. 
Average daily flow = 246 cfs. Bank full discharge = 1592 cfs. 

Riffle 1 

Average Average Wetted 
Cepth Velocity Perimeter Discharge 
(ft) (ft/sec) (ft) (cfs) 

2.25 6.2 llO.O 1591.6 
1.28 2.5 92.6 246.0 
1.20 2.3 91.8 198.8 
1.00 2.1 91.2 162.5 
0.851 1.8 90.0 112.6 
0.76 1.7 87.1 93.1 
0.71 1.6 89.1 82.9 
0.64 1.5 78.1

1 
66.42 0.63 1.41 65.8 54.1 

0.53 1.0 41.8 22.1 

Riffle 2 

1.90 6.9 85.1 1591.6 
1.40 4.4 68.7 401.6 
1.10 3.5 66.0 246.0 
1.00 3.3 64.9 204.4 
0.701 2.6 59.8 113.8 
0.64 2.4 58.0 91.7 
0.60 2.2 56.7

1 70.22 0.46 2.0 51.1 48.8 
0.30 1.71 

39.8 21.7 
0.03 1.0 0.0 0.0 

Riffle 3 

2.60 5.5 82.3 1591.6 
1.90 2.6 73.7 363 .. 9 
1.70 2.1 71.1 246.0 
1.60 1.9 69.9 200.2 
1.30 1.31 

64.8 108.3 
1.00 1.0 62.2 66.1 
0.90 0.8 60.7 43.5 
0.80

1 0.6 58.6 30.72 0.71 0.5 55.31 22.6 
0.56 0.4 49.4 11.0 
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Riffle 4 

2.10 9.2 88.7 1591.6 
1.30 4.0 72.1 375.0 
1.10 3.1 69.4 246.0 
1.00 2.4 67.8 157.1 
0.90 2.1 67.3 124.5 
0.70

1 1.8 66.3 85.0 
0.68 1.7 66.1 74.4 
0.60 1.4 64.41 

48.92 0.45 0.9
1 53.2 25.0 

0.40 1.0 58.6 23.4 

1 - Minimum hydraulic criteria met 
2 - OischaJ::ge at which 2 of 3 hydraulic criteria are met 

Results of the FHABSlli analysis indicate that under existing flow con:litians 
during the month of April (average daily flow of approximately 52 cfs), physical 
habitat for rainbow trout spawning is approximately 10% of the maximum amount 
available, which occurs at a discharge of 400 cfs (Figure 2). FUrther reductions .in 
physical habitat for spawning occur at flows lower than 52 cfs. Flows greater than 
100 cfs result in substantial increases in physical habitat for spawning. 

Physical habitat for ra.i.nbow trout incubation is maximized at a discharge of 250 
cfs. '!his analysis indicates that at flows between 30 and 200 cfs, physical habitat 
for incubation is only slightly reduced; however, at flows less than 30 cfs anj 

greater than 300 cfs, physical habitat is greatly reduced. since gage records 
indicate that existing flaws dur:i.rq May and June often exceed 500 cfs, any fairly 
stable flow between 30 and 450 cfs will ma.intain or ilnprove the existing physical 
habitat for rainbow trout incubation. However, flows less than 52 cfs will reduce 
the existing amount of physical habitat for trout that ma.y still be spawning during 
May and June. 

Although PHAESn1 results indicate that an instrearn flow of 52 cfs will maintain 
or bnprove physical habitat for ra.i.nbow t..."'"Out spawning and incubation between April 1 
and June 30, this flow is below the fishel:Y ma.intenance flow (54 cfs). To meet the 
dual obj active of maintainin:; or improv:i.rq existing physical habitat for rainbow 
trout spawning and incubation,. and ma.intenance flow criteria, a flow of 54 cfs is 
recommended for the period April 1 to June 30. 
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Figure 2. Percent of maxil1lum usable area (MUA) for spawning and incubation life 
stages of rainbow trout. 

Results from the HQI analyses (Figure 3) irrlicate that urrler existing late summer 
conditions, the stream presently supports approximately 46 HUs. According to the 
model, 46 HUs would be realized at a late summer flow of 60 cfs. The current fishery 
management obj ective is to naintain or illlprove the existing number of HUs, an:i a 
discharge of 53 cfs is the minimum flow that will acccmplish this objective. At late 
summer flows below 53 cfs, the model indicates that reductions in the present fishery 
would occur. 'Ihese reductions would largely be the result of lower critical period 
flow and increased annual stream flow variation. Increases in stream flow from 60 
cfs to 210 cfs would increase trout HUs aver present conditions. The model irxlicates 
that flows above 210 cfs would result in large reductions in trout HUs, as would 
reductions in discharge below 53 cfs (Figure 3). 

se 
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e~~~~~~~~~~~~~~~~~~~ 
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Figure 3. Number of potential trout habitat units at several late summer flow levels 
in the Encampment River. 
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Based on the results from the HQI analysis, the fishery maintenance flow of 54 
cfs will maintain existing levels of trout prcduction between July 1 and September 
30. In addition, this discharge will maintain mi.nimum hydraulic criteria that allew 
fish passage between different habitat types. 

CDNCIlJ5IONS 

Based on the analyses arx:l results contained in this report, the instream flow 
recommendations in Table 4 apply to approximately 14 miles of the Encampment River 
exten::ting from the north boun:lary of the NW 1/4 NW 1/4 of 513, Tl4N, R84W to the 
lIOlth of Hog Park Creek in the NE 1/4, NWl/4, 510, TUN, R84W. 

Table 4. SUmmary of instream flew reccrmnerdations to maintain the existing trout 
fishery in the Encanpnent River. 

Time 
Pericx:1 

April 1 to June 30 
July 1 to September 30 
october 1 to March 31 

Instream Flow 
Reccmmendation (cfs) 

54
1 54 

54 

1 - Feasibility determined by availability at the 50% exceedence 
level during the specified time period 
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(b) If more than one beneiicial use of water is applied for. the location and own~rship of the pOint of use must be shown in item 
10 of the application and the details of the faclliti" used to diven and con\ev the appropriation mwt be shown on the map tn suff!cient 
detail to allow the State Engine~r to establish the amount of appropraatlon. In multiple use applications. stock and domestiC purposes 
are limited to 0.056 cubic feet per second. :5 OIA.J k i~ork.. 

4. The source of the proposed appropriation is I !:'ncarnpment River tr~hutjlry of the North 1)) atte 

River, and Hog Park Reservoir 

--.---------------.-.-----------------------------.---------------~,~.~ ____________________________________________________________________ ~(---nvk6r~ 

5~~§t~~~ the confluence of Hog Park Creek and the .Encampment 
.1).... LuuL ~ownstream 

flefn"t'hi in the NE::z..rury. ~ of Sect~n 1 a T. 12 ~ .. R. 84 w .. and~J(KoK 
to the north boundary of NW~~tion 13 T. 14 :"I .• R. -..:8101,;4:z.... ___ w. 
LaASeR gf .traam seonp"t approxj~ately 11 6 ~j)es 

6. Are any of the lands crossed by the proposed facility owned by the State or Ft>deral Covemmentf If so. describe lands and indicate whether 

State or Federally owned. 

The land crossed by this stream segment in the E~ SE~ S 13, T. 14 N., R. 84 Wand Lot 

.lL S 1, T. 13 N.! R. 84 !J. are orivately owned. All other lands crossed bv this 

stream segment are Federal lands owned bv the BL~ or US Forest Service. 

7. The carrying capacity of the ditch. canal. pipeline or other facility ;u the point~~~~~x o(si3
a
?timarks) 

feet per second. 

cubic 

8. The accompanying map is prepared in accordance wilh the State Englneer·s :\1anuoal of Regulations and Instructions for filing appli· 

cations and is hereby declared a part of this application. The Slate En~tneer mav require the filing of detailed construction plans. 

9. The Mtimated time required for the commencement of work is 30 days • for completion of construCtion is 

)0 days • and 10 complete the applic;uon of water to the beneiicial uses )lated in this application is 
30 days 

Pe-rmit No. __________ _ 
Page No. --,"':"I.-... -, .. -:"!"!Il':O-.,,""!" .. :-.-



10. The land to be irrigated under this pennit IS described in the followinjt tabulation. (Give irrljtable acrea~e In each ... O·acre subdivl' 
sion. Designate ownenhip of land. federal. State or private. If private. lise names 01 ownen and land owned sepuatelv.1 If application 
is for stock. domestic. or tor purposes other than irrigation. indicate point of use b~ .. O·acre subdivision and owner. 

T ..... i.IR ..• , 
:"IE II, :"lWy, 

~Ey.INW"iISWy.t Sty' NEY.INWY.'SWY. Sec. SEY. 

12 84 10 X X 

.~ X 

2 X X X X 

13 84 J5 I X X X 

26 X X I 
23 X I X 

14 I 
13 X X X 

12 X I X X 

1 X 
Lot 

X 1 

14 84 36 X X X 

26 

25 I X X X 

24 Lot 
4 X 

23 
Lot 

X ~ 

13 X X I X 

I 

Swv, SE Yo I 
NWY.!SWY.! SEY. 

I , I ! 
NE!'. NEY.INW~;ISW"..I SEl~ I 

I I I 

I i ! I 
I I I 

X X X :~ I 

X I I I I I 
I 

X I X 

I xl X 

I X I X I X I X I 
1 

X j i I X I 
X I I i 

X I X I I 
X X I X 

X X 

X I X 

X X I X I 
X I X 

X X 

X X X I 
I I I 

Number of acres to receive original supply 

Number of acres to receive supplemental supply 

Total number of acres to be irrigated 

TOTALS 

o 
a 
o 

REMARKS 
MONTHLY INSTRWI 
FLOW REQUESTED 

Month Flow 
Oct. 54 
Nov. 54 
Dec. 54 
Ian 54 
Feb. 54 
Mar. 54 
Apr. 54 
May 54 
1"ne S4 
July 54 
Aug. 54 
Sept. 54 

(eFS) Based on the results of a study conducted 
in 1981 bv the WYoming Game and Fish 
Department (attached), a flow right of 
54 cfs is requested from October 1 to ~arch 
11 to ma 1 nta in hydra"] 1,. cond1t-tons ~Qr 

existing levels of crout survival. A flow 
of 54 cfs is requested from April 1 co June 
30 to maintain the existing level of rain
bow trout soawning and incubation. A flow 
of 54 cis is reguested from July 1 to 
September 30 cg maintain existing levels 
of t~oyt prodyction. 

Intervenin~ ditches - .,one 

The length of stream segment is 13.6 miles. 

Location or instream [low control gage not 

----------__________________________________ -4~~~~~~-A~~~~;~~~~~~~~~~~ __ he 
lnstalled near the North boundary at ~'W ~ S n, T L4 N , 1', B' 'i., Be ehe _icl'eu3e ei the 

'. . . . Wvomio2 Game and Fish DeoaI:t':1ent 
Under penalties of perjury. I declare that I have examlDed thiS apphcatlon and "ttl tne best or my knowledge .imlbeljeTit IJ true. correct 

':;;~,-<,,/ :$~;-~~ 
/~---:-/~---Dale Sill'atYre 01 Apphum or AI'"" 



REMARKS CONTINUATION ~.F. ~IL. _______ _ 

The recommended vear-round instrcam f 

/" a 
additiQnal ~'Q'>, r';C?hr 0'= 19 C;S ;.,.cm direct sr.-oo., ':'O··S j- rwq1!QC-i'Q :gr ;Ri s,,,tl.i=tJric.. 

6r~{ Encampment: Ri"e r -=or ~be encire ~'ear The ~or1] of ,-hese "·,0 ;nsrrnao ;'0'3 r;·~brs 
meerS t-he Y"'ecommenc!ed ;Jlsr~eO::J ':lc,,, or 54 CtS for r,e ·;;-ncamn'"en~ Siyer 

TherefOre "be vMonDt of '·'ter ':-arn storflge reguirt!ld t-Q meet: the requested righ1-
J 5 c FS re 1 eased ; Q to 1-~~°'f.~~~~"p~eD"Jr::B!;,e,. y,zj l' "or~l 1c,..nrdi ng "'0 natural stream 

PERMIT NO. _____ _ PAGE NO. ______ __ 
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