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Report on the Feasibility of
Providing Instream Flow in the Laramie River
Instream Flow Segment No. 1
Temporary Filing No. 27 6/30

Wyoming Water Development Commission
June 1991

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 the Laramie River, WWDC contracted with Western
Water Consultants, Inc. (WWC) of Laramie, Wyoming to prepare the technical study. The
WGFD has requested a direct flow water right for purposes of providing instream flow for
fisheries in a segment of the Laramie River upstream of Woods Landing. The amounts of
flow requested by season are: 50 cubic feet per second (cfs) during the months of October
through March; 100 cfs during the months April, May and June; and S0 cfs during the
months of July, August and September. The segment is called the Laramie River - Instream
Flow Segment Number 1 and is defined by an upstream point located at the south boundary
line of the west half of the northwest quarter of Section 26, Township 13 North, Range 77
West and a downstream point located at the east boundary of the south half of the northeast
quarter of the southeast quarter of Section 10, Township 13 North, Range 77 West, all in
Albany County, Wyoming. The segment has a stream length of approximately 3.94 miles

and the location is shown on Figure 1.
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Mean monthly flow, dry year flow, and a daily flow exceedence analyses were
conducted for the Laramie River at the lower end of the proposed Instream Flow Segment
No. 1. The mean monthly flow analysis shows that on the average, the flow of 50 cfs
requested for the period of October through March is not available in its entirety during the
months of December through March. The requested flows of 100 cfs for the months of
April, May and June and of 50 cfs for the month of July, August and September are
available during average years. During extremely dry years the requested flows are available
only during the spring runoff months of April, May and June.

A daily flow duration analysis was conducted for each of the three periods throughout
the year. The flow of 50 cfs requested for the months of October through March is available
only about 26% of the time, the requested flow of 100 cfs for the months of April, May and
June is available 80% of the time, and the flow of 50 cfs requested for the months of July,
August and September is available 70% of the time. WGFD considers that if the requested
flows are available at least 50% of the time during the period of July through September,
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
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 the Wyoming water

rights and Table 2 lists the Colorado water rights. Both direct flow and storage rights are



TABLE 1

WYOMING WATER RIGHTS

From the Laramie River and Tributaries

Upstream of the Downstream End of
Instream Flow Segment No. 1

Permit Proof Priority Date Amount Adj./ Diversion Location
Number Number  Facility Source Mo Day Yr CFS Use* Unadj. Sec.  Twn.  Rng. %%
DIRECT FLOW

Tert-29 4509 Smith No. 2 Ditch Lazamie River 5 1885 043 1 Adj. k) 13 mn A

Terr-29 4508 Smith No. 1 Ditch Laramie River 5 1885 1.00 1 Adj. 34 13 717 A
Terr 4675 Bear Gulch Ditch Bear Guich 1889 1.14 1 Adj. 33 13 7 A

Terr-46 4536 Heidrich Ditch Laramie River 9 1889 0.83 1 Adj. 26 13 77 IN
1027 5990 Bench Placer Mining Bear Guich 1 23 1895 1 9 Canc. k2] 13 77 A
3347 17448 Poner Mill Race & Ditch Laramie River 8 07 1901 0.50 1 Adj. 15 13 77 IN
5041 5995 Johnson Creck Ditch Johnson Creek 8 03 1902 0.57 1 Adj. 16 12 7 A
5040 5997 Beaver Creek Ditch Boswell Creek 9 03 1902 0.57 1 Adj. 9 12 7 A
5454 5987 Mauic Ditch Jelm or Spring Creek 5 1 1903 0.01 13 Adj. 34 13 7 A
6825 9419 CD. Johnson Creek 8 31 1905 218 i Adj. 16 12 77 A
1413E 9420 Enl. Johnson Creek Ditch Johnson Creek 8 31 1905 1.31 1 Adj. 16 12 7 A
8N 17456 Crystal Diwch Spring 7 9 1907 0.06 1.3 Adj. 30 13 76 IN
7969 9414 Champion Ditch Spring 9 23 1907 0.68 13 Adj. 23 13 77 IN
15095 20369 Jelm Dich Jeim or Spring Creek 3 17 1917 0.27 123 Adj. 34 13 7 A
15094 20368 Mansficld Ditch Bear Gulch 3 17 1917 1.55 123 Adj. M 13 77 A
19036 23504 Jelm Mtn. Loakout Pipe Line Jelm Spring 12 2 1938 001 2 Adj. 13 13 77 IN
19641 22926 Gramm Summer Home Pipeline Gramm Spring 7 03 1941 0.03 23 Adj. 2 12 % A
23478 29891 Pouier Pipeline Potier Spring 7 16 1970 0.04 3 Adj. 4 12 % A
23670 30110 Hatcher Spring and Pipe Line Hatcher Spring 6 10 1971 0.06 2 Adj. 23 13 7 IN
23672 30514 Maggie Creck Spring Maggic Creek Spring 9 2 1971 0.06 3 Adj. 17 12 7% A
23932 30663 Hansel Spring Pipeline Hansel Spring 10 6 1972 0.06 2 Adj. 2 13 77 IN

TF276/30 - Laramic River - Ins. Flow Seg. 1 Laramic River 12 15 1989 50,100 Instream Flow Unadj. 10 13 m
RESERVOIRS

5035R 22971 Maggic Creek No. One Res. Maggie Creck 9 1 1938 0.85 AF 23 Adj. 18 12 76
5036R 22972  Maggie Creek No. Two Res. Maggie Creek 9 1 1938 0.90 AF 23 Adj. 17 12 76

7184SR 30550  Enl. Maggic Creek No. 1 St. Res. Maggie Creck 10 4 197 233 AF 3 Adj. 18 12 76
7475R 30852  Homan Reservoir Boswell Creck 9 28 1972 5.20AF 3,10,11 Adj. 21 12 8

* Use Description
1=Irrigation, based on 1 cfs/70 acres
2=Domestic
3=Stock
4=Highway Dcpartment
5=Power
6=Reservoir Conveyance
7=BLM Water Usc
8=Municipal Use
9=Mining
10=Flood Control
11=Fish

** A-Indicates diversion is above

upper end of proposed
Instream Flow Segment #1

IN-Indicates diversion is within
proposed Instream Flow Segme



TABLE 2

COLORADO WATER RIGHTS
From the Laramie River and Tributaries

Upstream of the Downstream End of
Instream Flow Segment No. 1

Permit Proof  Facility Priority Date Amount Adj./ Diversion Location
Number Number Source Mo Day Xr CFs* Use** Unadj. Sec.  Twn. Rng.
DIRECT FLOW
519 Mansfield Ditch 2 Laramie River 6 1 1880 19.84 1 Adj. 1 1 T
512 Hills Ditch Laramie River 7 1 1880 11 1 Adj. 33 11 76
520 Warren Ditch Laramie River 3 25 1881 6.67 1 Ad). 26 12 77
566 Hance Ditch Grace Ck 3 31 1881 19.44 1 Adj. 2 11 n
568 Stuck Ck Ditch Stwck Ck 4 1 1881 16.12 1 Adj. 2 12 i
549 Jim Creek Ditch Jim Creek 7 10 1881 9 1 Ady. 36 1 76
572 Bliler Boswell Diich Laramie River 4 1 1882 9.39 1 Adj. 23 12 7
572 Bliler Boswell Ditch Laramie River 4 1 1882 16.43 1 Ady. 35 12 n
518 Mansfield Ditch Laramie River 4 20 1882 11.61 1 Adj. 12 11 T
514 Yelion Ditch Laramie River 7 1 1882 30.14 1 Adj. 29 11 76
509 Manin Ditch No 1 Laramie River 4 20 1883 15.5 1 Adj. 14 10 76
559 La Garde Ditch La Garde Ck 6 10 1883 10.33 1 Adj. 20 11 76
551 Ward Ditch No 1 Jimmy Ck 6 15 1883 4.25 1 Adj. 27 11 76
550 Ward Ditch No. 2 Jimmy Ck 7 1 1883 9.48 1 Adj. 26 11 76
553 Jimmy Creek Ditch Jimmy Ck 6 1 1884 5.52(S) 1 Adj. 7 11 76
513 Smiths Brown Ditch Laramie River 6 10 1884 16.63 1 Adj. 33 11 76
554 Trollope Ck. Diich Trollope Creek 6 15 1884 6.89 i Adj. 23 1 76
541 Homestead Ditch Mc Intyre Ck 7 10 1884 9 1 Adj. 6 10 76
552 Ollie Ditch Jimmy Ck 7 1 1886 3.45(S) 1 Adj. 27 11 76
510 Mantin Ditch No 2 Laramie River 4 30 1887 14.5 1 Adj. 10 10 76
511 Upper Hills Ditch Laramie River 5 1 1887 10.0(S) 1 Adj. 34 1 76
565 Grace Creek Ditch Grace Ck 4 1 1888 3.07 1 Adj. 14 1 T
524 Brown Ditch Nun Ck 5 31 1890 10 i Adj. 36 10 76
542 Lamb Ditch Mc Intyre Ck 6 1 1890 3.88 1 Adj. 5 10 76
515 Jimmy Creek Ditch Laramie River 5 1 1891 5.52 (AP) 1 Adj. 20 11 76
522 Laramic River Ditch West Branch Lar. R. 8 7 1891 400 1 Adj. 14 8 76
539 Comet Ditch Mc Intyre Ck 12 7 1892 74 1 Adj. 17 10 76
534 Forrester Ditch Brown Ck 5 15 1893 1 1 Adj. 25 10 76
557 Pache Diich La Garde Ck 5 25 1893 18.14 1 Adj. 31 11 76
505 Link Ditch #1 Laramie River 6 | 1894 14.22 1 Adj. 11 9 76
535 Lone Tree Ditch Lone Tree Ck 10 24 1894 25 1 Adj. 11 10 76
546 Swan Ditch Stuan Ck 4 15 1896 7.2(S) 1 Adj. 6 10 76
554 Trollope Ck. Diich Enl. Trollope Creek 5 29 1896 10.86 1 Adj. 23 11 76
567 Slough Creck Ditch Slough Ck 5 30 1896 4.11 1 Adj. 2 11 i
559 La Garde Ditch Enl La Garde Ck 6 1 1896 4.87 (S) 1 Adj. 20 11 76
553 Jimmy Ck. Ditch Enl Jimmy Ck. 6 2 1896  9.48 (S,AP) 1 Ad). 17 11 76
515 Jimmy Creck Ditch Enl Laramie River 6 2 1896 9.48 (S) 1 Adj. 20 11 76
5217 Link Ditch #2 Eni Link Creek 6 15 1896 3.4(S) 1 Ad). 2 9 76
527 Link Ditch #2 Laramie River 6 15 1896 2.0 1 Adj. 2 9 76
558 La Garde Ditch No 1 La Garde Ck 6 16 1896 154 (S) 1 Adj. 30 1n 76



TABLE 2

COLORADO WATER RIGHTS

(continued)

From the Laramie River and Tributaries

Upstream of the Downstream End of
Instream Flow Segment No. 1

Permit Proof  Facility Priority Date Amount Adj./ Diversion Location
Number Number Source Mo Day Yr CFS* Use** Unadj. Sec. Twn. Rng.
564 Detro Ditch No 1 Forrester Creek 6 17 1896 5.0(S) 1 Adj. 7 11 76
506 Parker Ditch Laramie River 10 10 1896 14.1 (S) 1 Adj. 26 10 76
583 Sand Creek D. Sys Columbine Ck 6 15 1899 288.0 (S) 1 Adj. 27 11 77
565 Grace Creek D. | Enl Grace Ck 4 28 1900 6.3 (S) 1 Adj. 14 11 i
524 Brown Ditch Porter Creek 9 10 1900 159 (S) 1 Adj. 24 9 76
531 Davy Ditch Deadman Ck 9 15 1900 20.0 (S) 1 Adj. 36 10 76
533 Cabin Ditch Swbb Ck 9 16 1900 7.94 (S) 1 Adj. 35 10 76
536 Glendevey Ditch Mc Intyre Ck 7 1 1901 2.0(S) 1,2 Adj. 29 10 76
543 Talmage Diich No 2 Jinks Ck 7 2 1901 3.0(S) 12 Adj. 28 10 76
523 Brinker Creek D. Brinker Creck 7 10 1901 8.0 (S) 1 Adj. 24 9 76
562 Homestead D. No 1 Big Jenkins Ck 10 22 1901 5.0(S) 1 Adj. 25 11 Tl
561 Homestead D. No 2 Liule Jenkins Ck 10 23 1901 8.0 (S) i Adj. 25 11 u
518 Mansfield Ditch Enl Laramie River 4 1 1902 4.0(S) 1 Adj. 12 1 77
519 Mansfield Ditch 2 Eal Laramie River 4 15 1902 1.9 (S) 1 Adj. 1 11 T
542 Lamb Ditch Enl Mc Intyre Ck 5 28 1902 15.0(S) | Adj. 5 10 76
574 Forrester Ck. D. No. 2 Forrester Creek 5 30 1902 4.0(S) 1 Ady. 7 i1 76
537 Talmage Ditch No 1 Mc Intyre Ck 5 31 1902 8.0(S) | Adj. 29 10 76
528 Nun Creek Ditch Nun Creck 7 8 1902 5.0(S) 1 Ady. 18 9 75
502 Long Park Ditch Laramie River 7 10 1902 10.0 (S) 1 Adj. 25 9 76
544 Pine Creck Ditch Pine Ck 8 20 1902 4.0 (S) 1 Adj. 20 10 76
500 Rawah Lower Sup D Rawah Creek 8 25 1902 275.0(S) 1 Adj. 14 9 76
576 Lar. R. Tunnel of Lar. Sys Laramic River 8 25 1902 300.0 (S) 1 Adj. 7 8 75
582 Rawah D of LarR Sys Rawah Creek 8 25 1902 225.0(S) 1 Adj. 32 9 76
581 Mc Intyre D. of Lar R Sys Mc Intyre Ck 8 25 1902 40.0 (S) 1 Adj. 31 9 76
560 Nellie Ditch Mc Guire Ck 9 10 1903 153 (S) 1 Adj. 2 10 w
507 Timothy Ditch Laramie River 7 5 1904 34.36 (S) | Ad). 23 10 76
580 Mansfield Ditch No 3 Laramie River 9 1 1904 294 (S) 1 Adj. 1 1 7
556 Schnitger Diich Enl La Garde Ck 5 29 1906 8.0(S) 1 Adj. 30 1 76
548 British Ck Ditch No 2 British Ck 7 1 1906 12.0(S) 1 Adj. 6 10 76
565 Grace Creck D. 2 Enl Grace Ck 4 1 1907 10.0(S) 1 _Adj. 14 11 i
538 Mc Intyre Ditch Mc Intyre Ck 7 21 1908 7.0(S) 1 Adj. 20 10 76
510 Martin D. 2 2nd Enl Ext Laramie River 5 25 1910 6.0 (S) 1 Adj. 10 10 76
544 Pine Creek Ditch Ext. Pine Ck 7 8 1911 1.75(S) 1 Adj. 20 10 76
532 Stubb Creek D. Stubb Ck 7 28 1911 5.0(S) 1 Adj. 35 10 76
579 Grant Ditch Roaring Ck 6 30 1912 10.0(S) 1 Adj. 7 10 76
540 Swan Ditch No. 2 Mc Intyre Ck S 24 1913 294(CS) 1 Adj. 9 10 76
584 Wright Ditch No 2 Laramie River 7 3 1916 15.0 () i Ad). 14 10 76
526 Comet Ditch Enl Spring Ck 7 1 1923 26(S) 1,2 Ad}. 17 10 76
556 Schaitger Ditch Enl. La Garde Ck 4 20 1940 9.0 (S) 1 Adj. 30 11 76
2401 Stuck Ck. Min Flow Stuck Ck 7 11 1978 1.0(S) 11 Adj. 35 11 78
2101 Johnson Ck Min Flow Johnson Ck 7 11 1978 2.0(S) 1 Ad. 20 12 77



TABLE 2

(continued)

COLORADO WATER RIGHTS

From the Laramie River and Tributaries

Upstream of the Downstream End of
Instream Flow Segment No. 1

Permit Proof  Facility Priority Date Amount Adj./ Diversion Location
Number Number Source Mo Day Yr CFS* Use** Unadj. Sec.  Twn.  Rng.
RESERVOIRS
4004 Johnson Res Grace Ck 6 7 1897 149.0 AF(S) 1 Adj. 2 11 77
4001 Link Lake No 11 Mc Intyre Ck 8 25 1902 1148.0 AF(S,C 1 Adj. 31 9 76
3998 Link Lake #4 Rawah Creek 8 25 1902 592.0 AF(S) 1 Adj. 32 9 76
4002 Link Lake No 10 Mc Intyre Ck 8 25 1902 4250 AF(S,C 1 Adj. 31 9 76
3390 Link Lake No 1 Rawah Creek 8 25 1902 1050.0 AF (S) 1 Adj. 7 8 76
3993 Link Lake No 3 Rawah Creek 8 25 1902 525.0 AF(S) 1 Adj. 5 8 76
3392 Link Lake No 2 Rawah Creek 8 25 1902  1400.0 AF (S) 1 Adj. 5 8 76
3991 Link Lake No 9 Rawah Creek 8 25 1902 2000.0 AF (S) 1 Adj. 6 8 76
3995 Link Lake #5 Rawah Creek 8 25 1902 700.0 AF(S) 1 Adj. 5 8 76
3997 Link Lake #12 Rawah Creek 8 25 1902  138.0 AF(S) 1 Adj. 4 8 76
3994 Link Lake #7 Rawah Creek 8 25 1902  440.0 AF (S) 1 Adj. 5 8 76
3996 Link Lake #8 Rawah Creek 8 25 1902 574.0 AF(S) 1 Adj. 4 8 76
3999 Link Lake #6 Rawah Creek 8 25 1902 3140 AF(S) 1 Adj. 32 9 76
4000 Link Lake #13 Rawah Creek 8 25 1902  597.0 AF(S) 1 Ad). 29 9 76
4003 Link Lake #14 Spring Creek 8 25 1902 597.0 AF(S) 1 Adj. 29 9 76
4006 Laramie River Res Laramie River 8 6 1908 44536 AF (S,C 1 Adj. 35 10 76
4004 Johnson Res Enl Grace Ck 6 1 1940 Not Suated (S) i Adj. 2 11 i
* NOTE: C - Conditional ** USE DESCRIPTION:
S - Supplemental I=Irrigation
AP- Aliemate Point of Diversion 2=Domestic
CA- Conditional Made Absolute 3=Stock
4=Highway Depaniment
5=Power
6=Reservoir Conveyance
7=BLM Waier Use
8=Municipal Use
=Mining
10=Flood Control

11=Fish



listed in each table. The listings of both Wyoming and Colorado water rights were obtained
from the respective State Engineer’s Offices in January 1991.

There is a U.S. Supreme Court Decree governing diversions of water in Colorado for
use both within the basin and by out-of-basin diversions. A 1957 stipulation to the Decree
limits the trans-mountain diversions to 19,875 acre-feet per year and limits in-basin diversions
to 29,500 acre-feet per year. The decree also identifies which lands can be irrigated within
the Laramie River Basin in Colorado. The basis of the stipulation is that there is significant
return flow to the Laramie River from the meadowlands in Colorado diversions which are

useable in Wyoming.

I STREAMFLOW RECORDS

Two United States Geological Survey (USGS) streamflow gaging stations were used
to estimate flow at the downstream end of the proposed instream flow segment. The
locations of these gages are shown on Figure 1. These gaging stations are:

1. Laramie River near Jelm, Wyoming; Station Number 066585.00; 1904-1906,
1911-1971.

2. Laramie River and Pioneer Canal Near Woods, Wyoming; Station Number
066595.00; 1912-1923, 1931-Current.
A third gaging station did exist for a few years at a site closer to the instream flow
segment but the records are of little use due to their short length and lack of overlap with
other stations. That station is:

3. Laramie River at Woods Landing, Wyoming; Station Number 066595.00; 1897-
1900, 1911-1912.



Station number 066595 (Pioneer) is approximately 3 miles downstream from the
downstream end of the instream flow segment. Station number 066585 (Jelm) is
approximately 6 miles upstream from the upstream end of the instream flow segment. The
mean monthly flows in c.f.s. for Station number 066585 (Jelm) and Station number 066595

(Pioneer) are presented in Tables 3 and 4, respectively.

IV HYDROLOGY

A hydrologic analysis was conducted to estimate the flows at the downstream end of
the proposed instream flow segment. The analysis developed a linear relationship between
the flows at the stations upstream and downstream of the instream flow segment. From that
relationship, the flow at the downstream end of the instream flow section was estimated by
assuming that the per square mile flow contribution between the two gages was uniform.

Station number 066585, (Jelm), is very close to the Wyoming-Colorado state line.
Records at this station reflect all of the Colorado diversions and the Wyoming diversions on
Maggie Creek which joins the Laramie River in Colorado. Diversion and storage rights on
Maggie Creek are very small and not significant to this analysis. Records of the Laramie
River at station number 066595, (Pioneer), reflect all Wyoming diversions upstream of,
within, and downstream of the proposed instream flow segment to the Pioneer Canal. The
records for the station include diversions by the Pioneer Canal, the first large diversion from
the Laramie River in Wyoming. Figure 2 is a schematic diagram of the Laramie River from
the Colorado State Line to the Pioneer Canal showing the relative locations of gaging

stations, tributaries, diversions, and the proposed instream flow segment.
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TABLE 3

LARAMIE RIVER NEAR JELM, WYOMING
Station No. 066585.00
Average Monthly Flows (cfs)

YEAR OCTOBER NOVEMBER DECEMBER JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER TOTAL(AF)
1904 2711 101.00 45.90

1905 44.61 40.00 35.00 30.00 25.00 22.00 50.17 458.23 1158.83 212.35 97.84 39.60 133406
1906 35.00 30.00

1907

1908

1909

1910

1911 35.00 30.00 40.00 120.00 565.06 9177 222.55 71.39 43.07

1912 68.06 62.33 45.00 40.00 45.00 45.00 60.00 488.45 1245.23 543.00 119.81 81.73 171794
1913 8329 55.30 35.00 40.00 35.00 50.00 175.57 516.32 440.63 134.77 55.26 51.97 101232
1914 71.39 55.87 45.00 40.00 40.00 50.00 114.97 956.94 1335.23 23429 107.74 31271 186617
1915 71.61 45.00 28.00 22.00 28.00 30.00 120.03 303.90 471.17 128.61 73.13 63.43 83956
1916 68.77 50.10 45.00 48.00 48.00 65.00 111.83 528.06 761.50 154.45 97.65 82.37 124762
1917 90.00 80.00 65.00 52.00 50.00 40.00 100.13 470.39 2002.40 876.45 171.71 81.03 246028
1918 44.48 40.00 35.00 35.00 35.00 45.00 87.13 581.13 1170.13 242.42 90.68 61.03 148788
1919 50.00 45.00 45.00 45.00 45.00 50.00 120.07 425.23 281.97 9.7 54.90 3171 78194
1920 42.61 35.00 30.00 30.00 25.00 30.00 50.00 590.00 1392.70 284.19 147.74 75.90 164874
1921 59.68 30.00 40.00 40.00 40.00 50.00 84.90 583.55 1414.07 316.52 122.68 62.43 171465
1922 49.03 38.00 35.00 30.00 30.00 50.00 80.03 334.74 499.43 121.13 68.58 37.03 82945
1923 31.26 28.00 25.00 25.00 25.00 35.00 75.00 450.00 1480.00 395.97 101.35 64.90 164842
1924 76.90 75.93 48.00 45.00 40.00 50.00 160.07 515.16 988.57 189.10 64.65 60.00 139537
1925 75.10 60.00 50.00 40.00 35.00 45.00 70.20 339.06 397.03 151.87 118.39 95.27 89369
1926 105.00 85.10 70.00 65.00 50.00 75.00 167.40 842.55 830.07 292.90 96.65 57.30 165731
1927 65.03 50.27 35.00 30.00 40.00 60.00 nn 516.06 648.93 213.58 104.13 61.70 114839
1928 75.55 55.00 45.00 40.00 40.00 50.00 88.97 844.19 879.53 296.55 86.03 50.67 154596
1929 56.97 49.70 40.00 35.00 35.00 45.00 120.07 425.13 1262.00 338.71 110.74 97.07 157573
1930 66.35 40.00 25.00 15.00 15.00 20.00 192.27 416.29 449.37 120.10 135.90 61.23 94143
1931 717.55 46.57 32.00 30.00 35.00 39.55 171.03 304.39 383.97 66.52 42.45 3333 76151
1932 54.26 4720 35.00 30.00 30.00 40.00 92.60 594.71 723.70 157.71 56.74 32.17 114567
1933 44.65 48.07 25.65 2313 22.68 3542 121.07 256.61 1089.53 146.45 52.06 49.70 115019
1934 44.23 32.03 21.42 31.10 3729 41.52 107.60 231.68 5133 17.90 29.52 21.93 40770
1935 34.13 27.63 23.61 25.52 28.89 32.74 4.73 176.26 1030.83 183.71 56.97 40.53 102430
1936 48.71 64.80 36.97 3471 39.45 37.58 192.17 585.10 401.03 99.58 66.90 43.7 99957
1937 50.77 55.73 28.32 2374 25.36 38.29 111.97 433.39 406.50 135.61 50.32 36.10 84482
1938 48.42 39.23 29.32 29.26 39.21 65.77 99.83 614.84 1019.77 197.62 55.65 78.70 139817
1939 58.29 44.13 30.52 26.19 28.21 45.65 98.87 476.39 318.53 45.61 31.68 3203 74858
1940 38.58 36.57 24.16 2345 23.86 33.06 57190 335.32 482.73 21290 63.45 50.43 83663
1941 61.06 40.63 37.23 3239 29.43 39.71 60.33 378.11 478.47 210.84 88.52 68.93 92388
1942 81.55 56.71 36.55 20.81 22.00 26.23 100.97 460.84 934.30 127.61 46.29 3253 117320
1943 54.45 48.53 38.26 28.03 3193 41.16 172.70 466.81 838.63 128.00 60.52 34.34 117134
1944 40.90 41.10 30.74 20.77 20.48 24.74 61.27 302.65 489.00 146.45 63.13 28.67 7129
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TABLE 3

(continued)

LARAMIE RIVER NEAR JELM, WYOMING
Station No. 066585.00
Average Monthly Flows (cfs)

YEAR OCTOBER NOVEMBER DECEMBER  JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER TOTAL(AF)

1945 43.19 31.07 28.32 26.48 30.07 30.74 59.60 427.13 619.93 296.13 187.29 7107 112086
1946 58.32 55.93 41.16 32.03 30.82 44.03 179.67 394.03 588.03 209.58 93.81 54.90 107665
1947 57.61 46.87 4039 20.00 2093 28.13 85.13 604.74 783.63 340.03 130.74 81.33 135602
1948 78.23 6730 55.00 42.00 36.00 39.00 98.97 592.87 431.40 126.77 80.48 32,70 101950
1949 39.29 34.97 30.68 28.74 31.50 42.61 114.63 513.23 962.97 157.74 7026 4630 124973
1950 55.06 4367 30.48 2423 29.93 31.16 73.90 285.39 605.39 150.87 71.10 68.97 88625
1951 47.45 38.73 34.10 27.48 27.68 34.52 88.30 626.39 978.27 204.55 127.7 60.90 138702
1952 66.23 4220 30.29 32.48 3279 44.06 133.70 69635 981.83 144.94 56.84 33.67 138645
1953 33.42 31.20 28.90 3171 28.11 3597 56.77 190.23 361.23 74.06 103.90 32.13 60835
1954 34.23 38.87 35.48 3329 2521 29.06 84.47 240.32 107.57 48.13 30.90 21.47 44174
1955 53.77 38.40 33.10 23.84 23.79 26.06 49.63 214.35 271.50 125.84 118.06 34.90 61378
1956 37.48 46.67 35.13 35.16 31.34 3732 86.03 645.29 585.63 126.42 103.61 32.50 109224
1957 2571 37.17 29.68 25.48 32.18 38.16 64.67 352.58 1571.67 643.52 103.42 56.93 179681
1958 65.48 51.33 40.03 36.45 32.46 31.52 58.90 635.77 510.60 75.42 58.84 37.90 99015
1959 27 38.07 30.45 29.87 2993 31.48 59.20 336.61 745.43 113.19 84.55 55.67 96246
1960 80.58 58.57 34.39 19.42 15.10 19.48 128.03 361.42 584.00 141.42 101.55 52.07 96444
1961 45.19 39.03 24.58 17.48 14.14 20.87 49.27 411.68 838.70 125.26 73.90 124.60 107568
1962 156.03 103.13 53.55 4171 61.50 56.16 270.50 763.55 804.23 333.10 7145 42.80 166778
1963 53.61 36.37 30.77 19.97 26.18 35.94 69.90 352.52 196.97 50.48 101.87 64.50 63005
1964 37.35 3870 24.16 17.68 16.79 16.61 54.97 406.74 449.50 191.65 125.45 60.03 87257
1965 4.7 39.53 33.48 27.29 24.50 27.06 79.87 368.35 1116.13 241.45 105.06 113.40 133614
1966 122.87 75.57 63.90 4132 32.18 60.00 75.57 306.84 177.33 52.35 4755 34.23 66093
1967 46.58 37.03 32.06 2723 28.96 51.19 58.17 302.97 782.20 35177 60.71 54.53 110705
1968 53.81 41.90 32.65 37.61 38.17 41.65 69.37 214.26 1047.17 163.84 110.61 7067 115571
1969 59.61 45.80 40.74 35.32 31.93 38.77 120.03 575.29 468.90 125.03 76.39 53.47 101209
1970 66.13 58.93 35.16 25.87 3193 4223 96.70 643.87 1072.73 201.77 79.94 58.00 145664
1971 70.74 56.03 35.74 34.87 3143 47.13 113.20 443.42 1397.53 227.26 82.32 66.23 156805
"MEAN 30.13 ~a791 36.41 31.61 3167 39.83 100.01 462.49 767,671 202.41 86.04 LINE] 115736
STD DEV 21.95 14.41 9.85 8.98 8.74 11.69 44.09 165.27 399.96 140.32 3237 21.05 38479
#RECORD 61 61 61 63 63 62 62 62 62 63 63 63 61
MIN 25.71 27.63 23.61 15.00 14.14 16.61 44.73 176.26 51.33 17.90 29.52 21.47 40770
MAX 156.03 103.13 70.00 65.00 61.50 75.00 270.50 956.94 2002.40 876.45 187.29 124.60 246028
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TABLE 4

LARAMIE RIVER AND PIONEER CANAL NEAR WOODS, WY.
Station No. 066595.00
Average Monthly Flow (cfs)

YEAR OCTOBER NOVEMBER DECEMBER JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER TOTAL(AF)
1912 649.74 649.74 1577.20 558.84 127.68 80.13

1913 103.52 69.90 3758 43.06 42.61 53.58 213.40 622.65 446.27 11135 50.58 50.80 160855
1914 43.19 59.83 51717 46.16 47.04 54.58 130.23 992.58 1022.07 152.97 41.32 18.57 91843
1915 70.19 50.17 30.23 2471 3264 35.42 137.67 331.87 539.67 140.26 64.45 63.30 146424
1916 65.10 49.47 46.48 51.61 52.86 69.26 148.70 690.71 801.07 224.42 125.26 95.13 279923
1917 104.87 85.30 68.90 5735 52.61 4326 124.90 618.19 2334.73 896.84 184.97 70.03

1918 105.83 841.45 1390.97 243.81 78.00 72.70

1919 5271 129.80 459.65 291.20 75.94 57.52 38.40

1920 985.45 1580.17 32171 138.19 78.03

1921 55.45 72.70 64.00 69.10 92.71 890.17 1591.43 314.81 151.81 55.57

1922 61.97 51.50 26.71 19.00 19.00 49.52 130.87 489.97 656.67 113.45 64.23 34.97 103779
1923 14.65 26.33 79.50 524.42 1727.20 542.10 136.32 80.80

1924

1925

1926

1927 772.45 762.97 251.26 71.55 70.37

1928

1929

1930

1931

1932 874.61 836.50 184.13 65.74 29.73

1933 44.00 4093 35.00 35.00 38.00 55.00 93.47 395.32 1270.83 160.71 52.68 45.87 136276
1934 36.84 32.00 30.00 34.00 40.00 50.10 139.90 287.32 62.93 20.13 26.07 14.76 46862
1935 33.77 23.55 64.43 307.39 1220.67 204.19 60.13 38.30

1936 42.49 55.56 793.30 458.20 107.59 85.80 48.45

1937 38.99 65.13 41.00 136.30 579.13 495.07 156.75 53.83 34.60

1938 47.38 50.60 75.25 151.97 898.71 1202.93 21474 67.53 111.73

1939 67.61 73.00 160.63 561.35 314.65 5272 40.58 30.58

1940 36.79 3790 70.04 86.65 402.71 471.70 219.10 59.92 50.33

1941 63.19 50.55 88.33 487.35 467.50 209.23 86.43 42.46

1942 75.24 84.64 176.82 639.81 1106.73 152.20 48.13 33.34

1943 52.90 57.00 2721 543.10 869.07 139.97 54.79 3233

1944 39.06 75.56 386.26 511.47 157.47 67.51 27.36

1945 46.03 44.13 147.40 681.03 738.00 319.39 201.26 67.43

1946 57.93 73.84 240.03 466.84 610.10 216.97 92.31 5231

1947 45.06 128.78 802.74 930.43 391.97 142.61 75.98

1948 76.11 194.88 815.09 487.00 13511 80.68 21.61

1949 51.40 743.19 1127.50 201.72 65.96 49.50

1950 67.16 108.57 457.98 738.47 166.99 72.19 73.55

1951 5171 44.90 43.13 36.19 36.96 43.13 119.90 854.74 1051.47 21239 122.94 57.60 161736
1952 79.74 50.40 41.03 42.26 41.41 51.84 197.10 920.55 1027.93 157.68 55.55 31.00 163045
1953 33.74 42.60 40.13 44.06 40.07 52.48 78.57 23329 376.53 74.00 101.13 2877 69144

1954 34.58 4393 38.54 31:39 31.21 40.26 123.20 287.81 116.90 50.52 24.84 17.37 50894
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LARAMIE RIVER AND PIONEER CANAL NEAR WOODS, WY.
Station No. 066595.00

TABLE 4 (continued)

Average Monthly Flow (cfs)

YEAR OCTOBER NOVEMBER DECEMBER  JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER TOTAL(AF)
1955 49.45 38.43 35.42 24.90 24.64 29.39 67.00 241.63 281.63 133.94 127.06 35.53 65960
1956 36.81 43.07 4126 37.74 34.55 5032 108.13 786.23 680.87 129.03 100.32 32.73 126107
1957 35.26 44.03 3435 28.35 37.04 4111 83.40 554.19 2052.00 725.84 125.29 63.97 230920
1958 80.23 63.37 54.45 46.19 43.07 43.13 87.90 843.39 539.60 83.84 62.74 46.10 120889
1959 50.74 4297 32.58 32.06 3221 3597 97.40 48539 787.30 123.71 85.16 58.00 112439
1960 91.29 64.60 55.13 4439 38.86 4226 192.27 443.81 620.63 143.55 97.84 4893 113823
1961 40.26 33.20 28.26 2432 27.32 43.10 76.37 537.52 933.70 137.06 78.10 128.27 125867
1962 160.39 94.90 58.19 53.65 74.50 70.00 355.47 1057.45 781.47 310.35 75.10 45.50 189907
1963 59.06 51.13 4177 34.68 4321 48.42 98.97 404.61 233.70 60.00 89.87 61.70 74313
1964 35.81 38.53 33.45 28.48 25.93 2174 93.33 503.42 460.23 181.48 115.94 56.60 97049
1965 42.10 4543 3835 4581 4750 50.00 135.20 554.35 1236.07 27332 115.90 126.23 163305
1966 133.35 87.13 7139 57.13 B 84.94 120.23 343.06 190.20 58.26 46.45 29.17 T1046
1967 49.19 31.77 3261 2923 40.64 61.48 82.33 328.48 804.83 340.42 63.35 60.07 116501
1968 52.45 48.67 38.26 46.77 43.83 52.90 89.27 342.90 1164.40 182.52 119.65 1573 135892
1969 69.35 49.43 50.19 39.13 34.61 40.16 163.07 609.58 46137 127.84 73.94 54.37 107369
1970 74.90 69.17 49.42 39.84 48.57 50.61 101.67 866.71 1162.67 239.81 83.10 60.57 172003
1971 81.52 61.47 39.58 36.58 36.57 59.58 158.43 706.68 1441.43 240.45 81.23 73.57 182212
1972 67.48 46.60 39.48 38.87 2.07 78.84 88.23 382.06 809.57 91.87 84.65 67.60 110799
1973 108.77 839.16 112473 348.81 114.87 81.90

1974 157.84 938.16 83047 154.87 65.32 65.83

1975 92.97 308.84 804.50 363.71 89.84 59.90

1976 106.63 400.39 465.00 162.97 138.61 59.17

1977 114.37 299.13 237.90 6126 48.81 33.30

1978 11237 548.03 1161.83 202.26 66.55 54.53

1979 154.07 722.65 1152.83 222.84 88.45 48.10

1980 143.00 782.90 1040.73 140.65 44.06 33.57

1981 112.20 233.58 341.40 101.42 4371 36.57

1982 69.27 405.45 1086.70 4711 136.90 123.60

1983 89.13 504.81 2441.00 1019.48 194.10 78.63

1984 129.47 1130.74 1207.10 418.00 156.23 116.53

1985 184.47 828.97 673.17 14097 49.77 5333

1986 21271 917.52 1719.60 346.16 90.32 88.90

1987 161.17 407.16 185.70 65.97 39.23 33.73

1988 155.00 651.00 808.00 99.80 43.10 34.20

1989 161.00 241.00 188.00 55.30 4130 45.50

“MEAN 59.25 53.53 302 38.43 39.77 52.01 140.18 597.14 863.73 222.98 85.07 56.36 128730
STD DEV 26.04 16.44 1197 973 10.13 13.55 82.55 230.19 503.32 180.00 39.23 25.48 51547
# RECORD 49 43 31 30 30 34 66 n 7 7 n 7 29
MIN 14.65 2355 2671 19.00 19.00 2174 64.43 233.29 62.93 20.13 24.84 14.76 46862
MAX 160.39 94.90 7139 5735 74.50 84.94 649.74 1130.74 2441.00 1019.48 201.26 128.27 279923
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Adjudicated water rights on the Laramie River and tributaries between the gaging
station at Jelm (006585) and the upstream end of the instream flow segment (those indicated
with an "A" in Table 1) total 9.10 cfs based on 1 cfs per 70 acres. Water rights within the
proposed instream flow segment (those indicated by "in" in Table 1) total 2.20 cfs at 1 cfs
per 70 acres. The water rights listed in Table 1 are for the irrigation of lands very close to
the Laramie River or tributary streams from which the water is diverted. Since the lands
being irrigated are on the permeable alluvium adjacent to the Laramie River or its
tributaries much of the return flow occurs during the month in which the water was diverted.
The return flow is that portion of the diversion amount which is not consumed for beneficial
or non-beneficial purposes. Between the downstream end of the instream flow segment and
the station at Pioneer Canal (066595) there are four ditches with water rights totaling 6.07
cfs at 1 cfs per 70 acres. Major tributaries in this latter reach are Woods Creek and Fox
Creek. Neither of these creeks are gaged. There are no diversions from Woods Creek but
diversions by the Fox Creek Ditch, which has the first priority on Fox Creek, essentially dry
up the creek during the irrigation season. Since the irrigated land is not adjacent to the
creek, there is little or no return flow to Fox Creek or to the Laramie River above the
Pioneer Canal gage. The Sodergreen High Line Ditch has a large water right from the
Laramie River in this section, however this ditch has not been utilized except to carry the
Murphy appropriation during the period of record analyzed and the amount of that right is

not included in the 6.07 cfs mentioned above.
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To estimate streamflows at the downstream end of the proposed Instream Flow
Segment, several standard estimating procedures were considered. These include estimates
of streamflow based on precipitation or snow course data, estimates using geographic
regressions such as Lowhman’s Method (1988) and unit runoff estimates. It was concluded
that the most logical method was to use recorded or estimated values of runoff to compute
unit runoff for the area between the two gaging stations above and below the instream flow
segment. There are no large inflows or large current uses in the reach of the Laramie River
from the state line to the gaging station at the Pioneer Canal, thus the difference between
the flows at the two stations divided by the 140 square mile drainage area between them
provides an estimate of the yield per square mile within the reach. This average yield for
the entire reach multiplied by the 49 square miles of area between the downstream end of
the instream flow segment and the Pioneer Canal was subtracted from the recorded flow of
the Laramie River at Pioneer Canal to define the estimated flow at the downstream end of
the instream flow segment. The average yield was determined by regressing the monthly
flows for each period for the two stations thus compensating for minor measurement errors
and variations in precipitation and runoff events.

Using the average yield for the entire reach between gaging stations is a conservative
assumption since the terrain is less mountainous for the drainage area below the downstream
end of the instream flow segment than above it. Therefore the yield per square mile should
be higher for the reach above and within the instream flow segment than below it. Using

the assumption of uniform yield per square mile for the reach below the instream flow
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segment results in a conservative, or lower estimate of flow, for the downstream end of the
instream flow segment.

There are several years of concurrent records for the Laramie River at the Jelm and
Pioneer Canal gages. However, the Jelm gage was discontinued in 1971 and it was felt that,
if possible, estimates of yield and also estimates of flow at the instream flow segment for the
more recent years 1971-1989 would have more meaning for personal remembrance when
considering the feasibility of instream flows. Therefore, the use of regression techniques to
estimate the flows at the downstream end of the instream flow segment was selected.

For each of the three instream flow periods; October 1 - March 31, April 1 - June
30, and July 1 - September 30; the mean monthly flow rates for the two stations were
correlated using linear regression procedures. The regression lines were forced through zero
which lowers the least squares best fit but more accurately reflects the lower flows which are
very important in this analysis. Results of the linear regressions with the Pioneer station as
the independent variable (X) and the near Jelm station as the dependent variable (Y) are:

October - March (1951 - 1971)

No. of Observations . . 126
Equation: Jelm = 0.843 (Ploneer) . . Y = 0.843X
Correlation Coefficient (R) . . 0.936
Coefficient of Determination (R ) . . 0.877
April - June (1950 - 1971)
No. of Observations . . . 66
Equation: Jelm = 0.846 (Ploneer) . . Y = 0.846X
Correlation Coefficient (R) . . 0.982
Coefficient of Determination (R2) . . 0.965

17



July - September (1932 - 1971)

No. of Observations . . 120
Equation: Jelm = 0.929 (Ploneer) . . Y = 0.929X
Correlation Coefficient (R) . . 0.992
Coefficient of Determination (Rz) . . 0.985

As can be seen, these regressions have relatively high correlation coefficients
indicating a strong linear relationship between the records from the two gaging stations.
Plots of the regressions for the three periods are shown on Figure 3, 4 and 5.

The drainage areas used in the analysis are:

Station No. 066585 (Jelm) . . . . 294 square miles
Instream Flow Segment (Downstream End) . . 385 square miles
Station No. 066595 (Pioneer) . . . . 434 square miles
Between Gaging Stations . . 140 square miles
Between Instream Flow Segment and Ploneer Gage . 49 square miles

Based on the regression equations and the drainage areas, the adjustment of the
relationship between the stations at Jelm and Pioneer Canal to the instream flow segment
yields the following equations which were used to estimate the flows in Table 5.

October - March
Instream Flow Segment

0.945 (Pioneer)

April - June
Instream Flow Segment

0.946 (Pioneer)

July - September
Instream Flow Segment

0.975 (Pioneer)

Using these equations and the recorded flows of the Laramie River at the Pioneer Canal
gaging station, the estimated flows at the downstream end of the proposed instream flow

segment were computed. These estimates are presented in Table 5.

18



61

FIGURE 3: MONTHLY FLOWS OF LARAMIE RIVER AT
PIONEER CANAL /7 JELM FOR PERIOD OCTOBER - MARCH
(1951-1971)
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FLOW (CES) AT JELM

FIGURE 5: MONTHLY FLOWS OF LARAMIE RIVER AT
PIONEER CANAL /JELM FOR PERIOD JULY-SEPTEMBER
(1932 - 1971)
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TABLE S

LARAMILE RIVER: GENERATED FLOWS AT
DOWNSTREAM END OF INSTREAM FLOW SEGMENT NO. 1
Average Mouthly Flows (cfs)

UARY MARCH APRIL MAY JUNE ny AUGUST SEPTEMBER  TQTAL(ADR)

1913 97.83 66.06 3551 40.69 40.27 50.63 201.88 589.03 422.117 108.57 49.32 49.53 105989
1914 4081 56.54 4892 43.62 4445 51.58 123.20 938.98 966.88 149.15 40.29 18.11 152487
1915 66.33 41.41 28.57 241 3084 3347 130.24 31395 510.53 136.75 62.84 61.12 87243
1916 61.52 46.75 4192 4871 4995 65.45 140.67 653.44 157.81 218.81 122.13 9275 139129
1917 99.10 80.61 65.11 5420 49.72 40.88 118.16 584.84 2208.65 814 42 180.35 68.28 266613
1918 100.12 196.01 1315.86 1.1 76.05 70.88

1919 49.81 122.19 43483 275.48 7404 56.08 3144

1920 932.24 1494 .84 319.52 13474 76.08

1921 52.40 68.70 60.48 65.30 87.76 842.10 1505.49 306.94 148.01 54.18

1922 58.56 48.67 25.24 11.96 17.96 46.80 123.80 46151 621.21 11064 62.62 3410 98485
1923 13.84 24.88 5.4 496.10 1633.93 528.55 13291 78.78

1924

1925

1926

1927 130.74 nL 244.98 75.61 68.61

1928

1929

1930

1931

1932 827.38 791.33 179.53 64.10 28.99

1933 41.58 38.68 33.08 33.08 3591 5198 88.42 myn 120221 156.69 51.36 4. 129351
1934 34.81 30.24 2835 2.1 3180 41.34 13235 211.80 59.53 19.63 25.42 1439 44404
1935 3191 2225 60.95 290.79 115475 199.09 58.63 3734

1936 40.15 52.50 750.46 433.46 104.90 83.66 41.24

1937 36.85 61.55 3875 128.94 547.86 468.34 152.83 5248 3374

1938 4N 41.82 7111 143.76 850.18 113197 209.37 65.84 108.94

1939 63.89 68.99 151.96 531.04 297.66 5140 3957 29.82

1940 an 35.82 66.19 81.97 380.96 446.23 213.62 58.42 9.0

1941 591 411 83.56 461.03 442.26 204.00 8427 41.40

1942 71.10 79.98 161.27 605.26 1046.97 148.40 46.93 3251

1943 49.99 53.87 258.04 1IN 822.14 136.47 53.42 35

1944 3691 71.48 365.40 481.85 153.53 65.82 26.68

1945 43.50 41.70 139.44 614.25 698.15 34l 196.23 65.74

1946 54.74 69.78 2107 441.61 5711.45 211.55 90.00 51.00

1947 42.58 121.83 159.39 880.19 2 139.04 74.08

1948 71.92 184.36 771.08 460.70 132.38 78.66 2698

1949 48.57 703.06 1066.62 196.68 64.31 48.26

1950 63.47 10271 433.25 698.59 162.82 70.97 T

1951 48.87 42.43 40.76 34.20 3493 4076 113.43 808.58 994.69 207.08 119.87 56.16 153560
1952 75.35 41.63 unn 3994 39.13 48.99 186.46 870.84 972.42 153.74 54.16 30.3 154533
1953 31.88 40.26 37192 41.64 3787 49.59 74.33 220.69 356.20 7215 98.60 28.05 65617
1954 3268 41.51 36.42 29.66 2949 38.05 116.55 21227 110.59 49.26 24.22 16.94 48289
1955 46.713 3632 3347 2353 23.28 2 63.38 228.58 266.42 130.59 123.88 3464 62752
1956 3479 40.70 3899 3566 3265 4155 10229 14317 644.10 125.80 91.81 3191 119554
1957 3132 41.61 32.46 2679 35.00 45.14 7890 524.26 1941.19 101.69 122.16 6237 219948
1958 75.82 59.88 51.46 43.65 40.70 40.76 83.15 191.85 510.46 81.74 61.17 44.95 114651

1959 4195 40.61 3079 30.30 30.44 33.99 92.14 459.18 74429 120.68 83.00 56.55 106775
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TABLE S (continued)

LARAMIE RIVER: GENERATED FLLOWS AT
DOWNSTREAM END OF INSTREAM FLOW SEGMENT NO. 1
Average Monthly Flows (cfs)

1960 86.27 61.05 5210 4195 36.72 39.94 181.89 419.84 587.12 139.96 95.39 417 108006
1961 38.05 31.37 2671 2298 2582 4073 1225 508.49 883.28 133.63 76.15 125.06 119763
1962 151.57 89.68 54.99 50.70 70.40 66.15 33627 1000.35 139.27 302.59 a2 44.36 180333
1963 55.81 48.32 3947 nn 40.83 4516 93.63 382.16 221.08 58.50 81.62 60.16 70603
1964 33.84 3641 3161 2691 24.50 26.24 88.29 476.24 41538 176.94 113.04 55.19 92262
1965 39.78 4293 36.24 4329 4489 4125 127.90 524.42 1169.32 266.49 113.00 120,07 155404
1966 126.02 8234 nn 5399 4131 8027 11374 324.53 179.93 56.80 45.29 28.44 73060
1967 46.48 35.69 30.82 21.62 38.40 58.10 7788 31074 761.37 33194 61.77 58.57 111013
1968 49.57 4599 36.16 4420 41.42 49.99 84.45 324.38 1101.52 171.96 116.66 73.84 129041
1969 65.54 46.71 4743 36.98 3271 3795 154.26 576.66 436.46 124.64 7209 5301 101972
1970 70.78 65.37 46.710 3765 45.90 418 96.18 819.91 1099.89 23381 81.02 59.06 163334
1971 77.04 63.76 37.40 34.57 3456 56.30 149.87 668.52 1363.59 234.44 79.20 71.13 173041
1972 63.717 44.04 3131 36713 39.76 74.50 8347 361.43 765.85 89.57 82.53 65.91 105117
1973 102.90 793.85 1063.99 340.09 112.00 79.85
1974 149.32 887.50 785.62 151.00 61.69 64.18
1975 8795 292.16 761.06 354.62 81.59 58.40
1976 100.87 3718 439.89 158.90 135.14 51.69
1977 108.19 28298 225.05 65.58 41.59 3247
1978 106.30 518.44 1099.09 197.20 64.89 5
1979 145.75 683.63 1090.58 211.27 86.24 46.90
1980 135.28 740.62 984.53 137.13 4296 11
1981 106.14 22097 322.96 98.88 42.62 35.66
1982 65.53 38356 1028.02 465.83 133.48 12051
1983 8432 471.55 2309.19 993.99 189.25 76.66
1984 122.48 1069.68 1141.92 407.55 15232 113.62
1985 174.51 784.21 636.82 137.45 48.53 52.00
1986 258.04 867.97 1626.74 337.51 88.06 86.68
1987 152.47 385.17 175.67 64.32 3825 3289
1988 146.63 615.85 764.37 91.3 42.02 31.35
1989 152.31 22799 177.85 53.92 40.27 44.36
"MEAN 35T 49.58 39.49 3164 3630 4581 12196 416 T86.90 riEXi] L1R]! 54.05 13706
STD DEV 28.58 18.95 14.79 16.05 13.68 18.03 5571 240.03 499.70 186.04 40.67 26.54 59249
4 RECORD 55 49 n 39 36 41 11 76 16 16 16 16 36
MIN 1384 22.25 2524 17.96 17.96 2621 6095 22069 59.53 19.63 24.22 14.39 44404
MAX 156.03 103.13 3.3 65.00 70.40 80.27 336.27 1069.68 2309.19 993.99 196.23 125.06 266613
ocCr NOV DEC JAN FEB MAR APR MAY JUN JUL AUG Skp
REQUEST 50 50 50 50 50 50 100 100 100 50 50



V MEAN MONTHLY FLOW ANALYSIS

The estimated mean monthly flows at the downstream end of the instream flow
segment are presented at the bottom of Table 5. These flows were calculated for all years
in which flow records were available at the Pioneer gaging station. Along with the mean,
the standard deviation, number of records, minimum and maximum monthly flow, and the
flow requested by the WGFD are presented. Figure 6 graphically compares the mean
monthly flows to the requested flows.

As can be seen, the requested flow is not available in its entirety in the average year
during the months of December through March. The average shortfall ranges from about
17 cfs in January to about 4 cfs in March. The flow in November equals that which has

been requested. For all other months the average flow exceeds the requested flow.

VI DRY YEAR FLOW ANALYSIS

The ranking of flow records in ascending order in presented in Table 6. The table
presents the flows in acre-feet ranked by yearly flow and ranked for each instream flow
period. The ability of the Laramie 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
period. This second procedure was utilized because the lowest flow during a period may not

correspond to the lowest flow by annual total.
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FIGURE 6: LARAMIE RIVER
Avg Monthly & Requested Flow Comparison
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TABLE 6

RANKING OF FLOWS IN ASCENDING ORDER
Downstream End Of Insteam Flow Segment
Total Flow (Acre-Feet)

OCTOBER-MARC| APRIL-JUNE JULY-SEPTEMBER| COMPLETE YEAR

YEAR Acre-Feet| YEAR Acre-Feet| YEAR Acre-Feet| YEAR Acre-Feet

1954 48289
3604 | 1933 1955 62752
1955 33680 | 1966 7936 | 1953 65617
1977 37230 | 1987 8253 1963 70603
1966 37430 | 1989 8439 | 1966 73060
1981 39121 1977 8861 1915 87243
1953 39188 1919 10192 1964 92262
1963 42262 | 1988 10534 1922 98485
1987 43210 | 1981 10809 1969 101972
1919 50436 | 1958 11430 1972 105117
1940 54855 1953 12028 1913 105989
1976 55468 | 1963 12510 1959 106775
1944 55513 1922 12624 1960 108006

1915 57433 1913 12656 | 1967 111013
1939 59407 1914 12681 1958 114651
1941 59637 1980 13001 1956 119554
1964 60444 | 1943 13508 1961 119763
1975 68485 1942 13916 | 1968 129041
1967 69047 1936 14333 1933 129351
1937 69228 1972 14472 1916 139129
1969 70609 1948 14479 1914 152487
1960 71575 1952 14534 | 1951 153560
1972 72762 | 1985 14536 | 1952 154533
1922 72833 1937 14595 1965 155404
1913 73352 | 1944 14998 1970 163334
1950 74321 1969 15214 ] 1971 173041
1946 75010 | 1933 15441 1962 180333
1959 78036 1956 15518 1957 219948
1958 84381 1959 15838 1917 266613
1948 85796 | 1915 15943
1961 88125 1932 16635
1982 88656 1974 17021
1945 89455 1960 17216
1956 90148 1955 17532
1935 90221 1935 18026
1968 90517 1950 18644
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TABLE 6 (continued)

RANKING OF FLOWS IN ASCENDING ORDER

Downstream End Of Insoeam Flow Segment

Total Flow (Acre-Feet)

OCTOBER-MARC

YEAR _Acre-Feet

APRIL-JUNE

YEAR Acre-Feet

JULY-SEPTEMBER

YEAR Acre-Feet

COMPLETE YEAR

YEAR Acre-Feet

1988 92076
1916 93641
1943 95867
1985 96498
1933 99794
1978 103605
1947 106319
1963 109437
1942 109470

1974 110205
1980 112174

1979 115603
1951 115657
1973 118248
1970 121587
1952 122506
1914 122601
1962 125510
1938 128546
1971 131165
1923 132207
1918 133203
1984 141011
1921 146586
1957 152442
1986 165524
1983 171789
1917 174416

1949 13888
1978 19256
1940 19629
1941 20104
1961 20438
1964 21000
1976 21359
1979 21375
1946 21499
1968 22424
1970 22829
1951 23319
1938 23490
1918 23501
1971 23539
1927 23781
1962 25691
1916 26425
1967 27685
1975 30608
1965 30678
1921 31012
1986 31323
1920 32342
1973 32486
1945 34867
1947 36328
1984 41110
1982 43995
1923 45253
1957 54619
1917 68697

1983 77094
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The driest year on record for the Laramie River is 1934. A comparison of the
recorded monthly flows for 1934 versus the flows requested by the WGFD is presented in
Table 7. Shortage occurred in all months except April and May. A bar graph comparing
1934 monthly flows to the requested flows is presented on Figure 7.

Table 7

Comparison of Monthly Flows During
Driest Year on Record (1934) and

Requested Flow
1934
Mean Monthly Requested Shortfall Volume of
Month Flow Flow Shortfall
(cfs) (cfs) (cfs) (AF)
Oct. 34.8 50 15.2 935
Now. 30.2 50 19.8 1,178
Dec. 28.4 50 21.6 1,328
Jan. 321 50 17.9 1,101
Feb. 37.8 50 12.2 678
Mar. 47.3 50 2.7 166
Apr. 132.4 100 - e
May 271.8 100 - —--
June 59.5 100 40.5 2,410
July 19.6 50 30.4 1,869
Aug. 254 50 24.6 1,513
Sept. 14.4 50 35.6 2,118
TOTAL 13,296
TOTAL (June-Sept.) 7,910

28



6¢

FLOW (CFS)
&
<

FIGURE 7: LARAMIE RIVER

Driest Year & Requested Flow Comparison

___|Flows at the Downstream End of
Proposed Instream Flow Segment No.1

O0-r

.....................................................................

......................................................................

OCTNOVDECJAN TFEB MARAPRMAYJUN JU

.................................................

..............................................
............................................

...........................

L'AUG SEP

[ S REQUESTED FLOW

4 DRIEST YEAR(1934)




Using the average of the three lowest years for each instream flow period allows the
use of more records which may be complete for the period but not the entire year. In
addition, the average of the three lowest years is often considered more representative of

drought conditions than would be the most extreme dry year recorded.

October - March 1964, 1961, 1955
April - June 1934, 1954, 1989
July - September 1934, 1954, 1939

Averaging the monthly flows for the three driest years by period yields the information
shown in Table 8. This analysis shows that there are shortfalls for the requested flows for
all months except April, May and June. Figure 8 is a bar graph relating the three lowest
year average, by period, to the requested flow. The shortfall for the year is 10,500 acre-feet

versus 13,200 acre-feet for 1934, the driest year on record.
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Table 8

Comparison of Monthly Flows During the
Average of 3 Driest Years by Period
and Requested Flows

3-Year Average Average
Mean Monthly Requested Shortfall Volume
Month Flow Flow Shortfall
(cfs) (cfs) (cfs) (AF)
Oct. 39.5 50 10.5 646
Nov. 34.7 50 15.3 910
Dec. 30.6 50 19.4 1,193
Jan. 24.5 50 25.5 1,568
Feb. 24.5 50 25.5 1,416
Mar. 31.6 50 18.4 1,131
Apr. 133.7 100 - —
May 2574 100 e —
June 116.0 100 - e
July 40.1 50 9.9 609
Aug. 29.7 50 20.3 1,248
Sept. 20.4 50 29.6 1,761
TOTAL 10,482
TOTAL (July-Sept.) 3,618
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VII RESERVOIR OPERATION STUDY

Since the estimated historic flows of the Laramie River at the downstream end of the
proposed Instream Flow Segment No. 1 are not always sufficient to meet the requested
flows, a cursory study of whether storage could provide water to fulfill the requested flows
was conducted. A reservoir could be physically constructed on the Laramie River or on
Boswell Creek above the proposed instream flow segment for the purpose of meeting the
WGFD requested flows at all times. However, before water could be stored in such a
reservoir, downstream storage rights would have to be filled, or negotiated agreements to
store water out of priority would have to be arranged. Because of these institutional
constraints to a new storage facility, such a proposal would have to be studied in
considerable detail.

The Upper Laramie River Basin has experienced water shortages during the late
portions of the irrigation season for over 100 years. Numerous reservoirs have been
proposed to help alleviate this problem but none has been constructed and presently there
are no reservoirs upstream of the instream flow segment which would be capable of
regulating flows. An analysis of alternatives for alleviating water problems in the upper
basin is being pursued at this time by the Wyoming Water Development Commission. If a
reservoir were proposed to meet instream flow requests that reservoir should be integrated
with the other water uses in the basin. Such an analysis is beyond the scope of this report.

For a simplistic approach to determine if storage would be possible, a balance of
flows at the instream flow segment was performed. Two scenarios were examined; first

provide additional water to meet the instream flow request for the entire year and second
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provide water to meet the request only for the period of July to September. The WGFD
has stated that if natural winter flows are not sufficient to satisfy the requested flow, it is
their intent that the request would be only to maintain natural flows. They do not believe
storage is critical to supplement occasional shortages in natural streamflow during the winter
period. However, the computations are presented for purposes of enlightenment.

Table 9

Summary of Annual Flow Shortages and Excesses
Laramie River at Proposed Instream Flow Segment

Lowest
Average Lowest 3-Years
Year Year by Period
(AF) (AF) (AF)
Shortfall for 2,152 13,296 10,482
Entire Year
Shortfall for 0 7,910 3,618
July - September
Excess Flow 86,306 12,492 12,635

As can be seen, the amount of storage necessary to satisfy the instream flow request for
April through September depends on the criterion used. The flow in the river, if regulated
by a reservoir with about 10,000 acre-feet of capacity, could meet the instream flow request
for July through September even in the driest year on record. The July through September

request can be supplied during an average year so on the average no storage is required.

34



VIII DAILY FLOW EXCEEDENCE ANALYSIS

The Wyoming Game and Fish Department considers that an instream flow request
is "feasible" if during the period of July 1 through September 30 the requested flow is
available 50% of the time. The WGFD has not developed exceedence criteria for other
times of the year; however, they have stated that instream flows at all times of year other
than July through September should equal natural flows up to the recommended amounts.
Therefore, a daily flow duration analysis was conducted, and for completeness, the analysis
was done for all three instream flow periods. Daily flow-duration data were obtained by
periods from the Wyoming Water Research Center WRD System for both the Jelm and
Pioneer gaging stations on the Laramie River. The flows at the Pioneer gaging station were
then adjusted for gains and areal reduction to create duration curves for the downstream
end of the instream flow segment. The duration curves for the end of the instream flow
segment and the two gaging stations are plotted together to show the similarities of the
shapes and verify the validity of the curve generated for the instream flow segment. The
curves for all three periods are presented in Figures 9, 10 and 11.

The WGFD requested flow, their exceedence criteria and actual exceedence data are

summarized below:

Table 10
Daily Flow Exceedence Summary
Requested WG&F Exceedence During
Period Instream Flow Exceedence Criteria Period of Record
(cfs) % Time % Time
October - March 50 N/A 26%
April - June 100 N/A 80%
July - September 50 50% 70%
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FIGURE 9: LARAMIE RIVER
DAILY DURATION CURVES OCT 1-MAR 31
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FIGURE 10: LARAMIE RIVER
DAILY DURATION CURVES APR 1-JUN 30
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FIGURE 11: LARAMIE RIVER
DAILY DURATION CURVES JUL 1-SEP 30
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This indicates that the flow of 50 cfs during the period is available 70% of the time which

exceeds the WGFD exceedence criterion of 50%.

IX CONCLUSIONS

The mean monthly flow analysis indicates that on the average for the Laramie River
Segment I, the WGFD instream flow request can be met by existing unappropriated direct
flow except during the winter period, December through March. During extremely dry years
the requested flow is only met during spring runoff, April - June. Dry year shortages could
be met if storage were provided, but this is a complex issue in which other users in the basin
must be considered and is not required by the exceedence criteria established by the WGFD.
Their exceedence criterion of flows equalling or exceeding 50 cfs for 50% of the time during

July through September can be met with existing direct flows.
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WYCMING GAME AND FISH DEPARIMENT
FISH DIVISION

ADMINISTRATIVE REFPCRT

TTITLE: Laramie River Instream Flow Report
PROJECT: IF-5089-07-8902
AUTHOR: Gerald F. Vogt, Jr. and Thomas C. Annear

DATE: June 1989

INTROCUCTION

Data were collected during the 1981 field season to conduct instream flow
analyses for a segment of the Laramie River located near the town of Weods Landing,
Wycming. The study ard this report were prepared in campliance with Instream Flow
Legislation to support a Wyaming Water Develcpment Cammission application for an
instream flow water right.

METHOLS

Study Area

The Laramie River is considered a Class 2 stream by the Wycming Game and Fish
Depart=ment (WGFD). Stream classificaticns throughout Wycming range frem Class 1
(highest rating) to Class 5 (lowest rating). Class 2 streams are generally
considered important trout fisheries on a statewide basis. Less than 6% of all
streams in the state are Class 2 or better streams.

The Laramie River contains a naturally reproducing population of brown trcut and
a small populaticn of rainbow trout. The stream is currently managed as a wild
fishery for brown trout, and future emghasis will include management of wild rainbow
trout. This stream segment is not currently stocked by the WGFD. The segment of the
Laramie River identified as the instream flcw reach passes through land owned by the
WGFD and private land con which the WGFD has secured access for public fishing arnd is
highly accessible to the public. Because this section of the Laramie River supports
an important trocut fishery and has public access, this segment was identified as a
critical reach.

Data Collecticn
All of the field data used in this study were collected from a 393 foot lorng

study site located within a WGFD public fishing area in the northeast quarter of
Section 15, Township 13 North, Range 77 West. This site is lccated approximately 1.5



miles upstream from the town of Woods Landing (Figure 1). This site contained a
cambination of pool and riffle habitat for trout that was representative of trout
habitat features found throughout this portion of the stream. Results and
recamendations were applied to a portion of the stream extending frcm the east
boundary of the S 1/2 NE 1/4 SE 1/4 of Section 10, T13N, R77W upstream to the south
bourdary of W 1/2 NW 1/4 of Section 26, T13N, R77W. This is a distance of
approximately 3.9 stream miles.

In accordance with the 1986 Instream Flow legislaticn, the goal of this study
was to determine instream flows necessary to maintain or improve the existing trout
fishery. The specific cbjectives of this study were to determine instream flcws
necessary to 1) maintain or improve physical habitat for rainbow trout spawning
during the spring, 2) maintain or improve physical habitat for brown trout spawning
during the fall, 3) maintain or improve hydraulic characteristics in the winter that
are important for survival of trout, fish passage and aquatic insect production and,
4) maintain or improve adult trout production during the late summer months. Three
habitat mocdels were used to make these determinations.

Mcdels

A physical habitat simulation medel (PHABSIM) develcped by the Instream Flow
Service Group of the U.S. Fish and Wildlife Service (Bovee and Milhous 1978) was used
to quantify incremental changes in the amount of physical habitat available for
rainbow and brown trout spawnmg at varicus dlsdza.tge rates. The amount of physical
habitat available at a given discharge is expressed in terms of welghted usable area
(WUA) and reflects the ccmposite suitability of depth, velocity and substrace at a
given flcw. Depth, velocity and substrate data were collected at seven transects as
described in Bovee and Milhous (1978). Cates and discharge rates when data were
collectad are given in Table 1. The WUA for rairbow and brown trcut was simulated
for flows ranging from 10 to 400 cubic feet per second (cfs) using calibraticn and
modeling techniques cutlined in Milhcus et al. (1984).

Table 1. Cates and discharges when instream flcw data were collected at the Laramie
River instream flow segment.

Date Discharge (cfs)
04-13-81 52
04-30-81 194
05-13-81 103

A Habitat Retenticn methed (Nehring 1979; Annear and Conder 1984) was used to
identify a maintenance flcw. A maintenance flow is defined as the lowest continuous
flow that will maintain minimm hydraulic criteria at riffle areas in a stxeam
segment. These criteria are important at all times of year to maintain passage
between different habitat types for all life stages cf trout. These criteria are
also important for maintaining survival rates of fish and aquatic macroinvertebrates
during the winter that approximate rates observed under natural stream f{lcw
corditions. Data from single transects placed acress three riffles within the study
area were analyzed with the IFG-1 ccmputer program (Milhcus 1973). Flow data were
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Figure 1. Location of the 1981 study site and cthe Instream Flow reach
on the Laramie River near Woods Landing, Wyoming.



collected at three different flow levels (Table 1). The maintenance flow is
identified as the discharge at which two of the three criteria in Table 2 are met for
all riffles in the study area.

Table 2. Hydraulic criteria used to cbtain an instream flcw reccmmendation using the
Habitat Retention methed.

Category Criteria
Average Depth (ft) Tep width! x 0.01
Average Velccity (ft/sec) 5 1.00

Wetted Perimeter (percent) 60

1 - At average daily flow
2 - Compared to wetted perimeter at bank full conditions

The Habitat Quality Index (HQI) developed by the Wycming Game and Fish
Department (Bimns and Eiserman 1979) was used to estimate potential changes in trout
standing creces over a range of average late summer flow conditicns. This model
incorporates seven attributes thac address chemical, chysical and bioclogical
camponents of trout habitat. Results are expressed in habitat units (HU). One HU is
defined as the amount of habitat quality which will support 1 pcurd of trout.
Analyses cbtained frcm this methed apply to the time of year that governs trout
production. On the Laramie River this time periocd is between July 1 and September
30.

By measuring habitac attributes at varicus flcw events as if associated habitac
features were typical of average late summer flcw ccnditions, HU estimates can be
made for a range of theoretical surmer flcows. Habitat attributes cn the laramie
River wers measured on the same dates and flow levels that data were collected for
the PHARSTM and Habitat Retention models (Table 1). To bettar define the
relaticnship of discharge and trcut producticn, scme attritutas were derived
mathematically or cbtained from existing gage data fcr f£lows in additicn to these
sheown in Table 1. Cther data were cttained frcm a U.S. Geological Survey gage
located on the Laramie River immediately upstream ISxrcm the Picrneer Canal for the
pericd 1912 to 1887 (with scme missing years) for determining the annual stream flcw
variation ard critical pericd stream flow at the study site.

Instream flow reccmmendaticns derived from the Habitat Retenticn method are
applicable to all times of year except when higher instream flcws are required to
meet other fishery management purpcses.

Rainbcw tzout begin spawning in early April and their sggs incuktata
through June. Results frem the PHABSTM analysis were used to identily the flows
needed to maintain or irxprove physical habitat for the rainbow ticut scawning frem
April 1 to June 30. Brown trout spawning begins in early Cctcher and
continues into late fall. Their eggs incukate in the gravel until late March.
Results frcm the PHABSIM analysis were also used to identifiy a flow frcm Octcber 1 to
March 21 which would maintain or improve ghysical habitat for Srewn TItut spawning.

Results frcm the HQL model were used to identify the average flcw needed to
maintain or improve existing levels of trout production betwween July 1 and September
30.



RESULTS

Results from the Habitat Retention model showed that the hydraulic criteria in
Table 2 are met at flows of 50, 37, and 35 cfs for riffles 1, 2, and 3, respectively
(Table 3). The maintenance flow derived from this method is defined as the flow at
which two of the three hydraulic criteria are met for all riffles in the study site
which in this case is 50 cfs.

Table 3. Simulated hydraulic criteria for three riffles an the Laramie River.
Estimated average daily flow = 177 cfs. Bank full discharge = 1145 cfs.
Riffle 1
Average Average Wetted
Depth Velocity Perimeter Discharge
() (ft/sec) (1) (cfs)
2.23 5.6 92.5 1145
1.95 4.1 88.1 688
1.50 2.6 85.4 330
1.19 1.8 81.7 177
0.95 1.3l 77.9 97
0.83l 1.0 68.8 572
0.81 ag.9 66.6l S0
0.70 0.6 55.5 25
0.54 0.4 49.4 11
0.34 0.2 43.1 4
Riffle 2
2.26 5.9 81.6 1145
1.93 4.3 79.0 642
1.18 2.1 73.4 177
1.05 1.8 72.5 133
0.86l 1.4 71.2 88
0.72 1.2 69.6 60
0.60 l.l1 67.3 422
0.57 1.0 65.8l 37
0.35 0.7 49.0 12
0.23 0.5 24.2 3




Riffle 3

2.61 5.2 85.6 1145
2.29 3.7 82.6 639
1.84 2.4 80.4 343
1.46 1.5 79.1 177
1.27 1.21 78.5 113
1.13 1.0 78.0 89
0.98l 0.8 77.5 392
0.78 0.6 76.0 35
0.55 0.3 69.5l i3
0.19 0.1 51.4 2

1 - Minimm hydraulic criteria met
2 - Discharge at which 2 of 3 hydraulic criteria are met

Results of the PHABSIM analysis indicate that physical habitat is maximized at
125 cfs (Figure 2). Under existing flow conditions during the month of April
(average daily flow of 130 cfs), physical habitat for rainbcw trout spawning Ls near
the maximm amount available. This amcunt of physical habitat is also
provided by stream flows of 100 cfs; hcwever, increasingly rapid reductions in
existing physical habitat for spawning occur at flcws lower than 100 cfs. Thcugh
more gradual, similar reducticns in physical habitat also cccur at flows exceeding
130 cfs.

Gage data indicate that existing streamflcws in the [aramie River often exceed
500 cfs during the months of May and June. Since the FHABSTM analysis was limited to
simulations of flcws up to 400 cfs, physical habitat at flcws in excess of 300 could
not be precisely determined. However, it appears that f£flcws higher than 400 cfs will
prcvide less ghysical habitat than is available at 100 cis. Therefcre, an instream
flow of 100 cfs will irprove ghysical napitat Zor rainocw TrXout scawning during the
months of May and June. This is consistant with the cbjectives established in the
Instream Flow Legislaticn.

Based cn this analysis, an instream f£lcw cf 100 cfs is the minimum discharge
which will maintain or irprove the existing amount of ghysical hapitat for rainbow
trout spawning during the spring. Therefore, an instream flcw of 100 cfs is
recammended for the period April 1 to June 30.
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Figure 2. Percent of maximm usable area (MUA) for spawning life stage of rainbow
trout.

Gage data indicate that existing mean daily flows during the fall and winter
(October 1 - March 31) are approximately S0 cfs. At this discharge, PHABSIM analyses
irdicate that physical habitat for brown trout spawning is approximately 63% of the
maximum amount available, which occurs at a discharge of 150 cfs (Figure 3). Large
reductions in existing physical habitat for brown txrout spawning occur at discharges
below S0 cfs. The fishery maintenance flow identified by the Habitat Retentian
Method (50 cfs) will maintain the existing amount of physical habitat for brown trout
spawning during the fall and winter, as well as meet minimum hydraulic criteria for
fish passage and survival.
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Figure 3. Percent of maxirum usable area (MUA) fcr spawning life stage of brocwn
Trout.

Results frcm the HQI analyses (Figure 4) indicate that under existing
average late sumer conditions (approximately 75 cfs), the stream presently supports
approxirately 36 HUs. The Qurent fishery management cbjeczive is to maintain or
improve the existing number of HUs. A discharge of 50 cfs is the minimm flow that
will accomplish this cbjective. At average late summer flows belcw 50 cfs, the mcodel



irdicates that reductions in the present fishery would occur. These reductions would
largely be the result of lower critical pericd flow and lower water velccities.
Increases in stream flow above 75 cfs would increase trout HUs over present

corditions.
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Figure 4. Number of potential trout habitat units at several average late summer

flow levels in the Laramie River instream flow segment.
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Based on the results from the HQI analysis, the fishery maintenance flow of S0
cfs will maintain existing levels of trout production between July 1 and September
30. In additicn, this discharge will maintain minimum hydraulic criteria that allcw
fish passage between different habitat types and provide adequate substrate for
production of aquatic insects.

CONCILUSICNS

Based cn the analyses and results ccntaired in this report, the instream flow
recammerdaticns (Table 4) apply £ a 3.9 mile segment of the Laramie River
extending frem the east boundary of the S 1/2 NE 1/4 SE 1/4 of Secticn 10, T13N, R77W
upstream to the south boundary of W 1/2 NW 1/4 of Secticn 26, T13N, R77W.

Table 4. Summary of instream Zlcw reccrmendations to maintain the existing rout
fishery in the Laramie River.

Time Instream Flcw
Pericd Reczcmmendaticn (cfs)
April 1 to June 30 100,
July 1 to September 30 50;_'
October 1 to March 11 50

-

1 - Feasibility determined by availapility at the 30% exceedence
level during the specified time pericd
2 - To maintain existing natural stream flcws
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STATE OF WYOMING

OQFFICE OF THE STATE ENGINEER

APPLICATION FOR PERMIT TO APPROPRIATE SURFACE WATER

THIS SECTION IS NOT TO BE FILLED IN BY APPLICANT

Filing/ Priority Date
THE STATE OF WYOMING,
STATE ENGINEER'S OFFICE

This instrument was received and filed for record on the 13t 4ay of _December AD,

1989 a 2:20 _ oclock P. M.

FRARK J. TRE[,ZASE. for State Engineer

SS.

Recorded in Book of Ditch Permits, on Page
Fee Paid $_23.00 . Map Filed _E

Temp.
WATER DIVISION NO. 1 DISTRICT NO. ___4% Filing No. _27__6/30

PERMIT NO.

NAME OF FACILITY ___laramie River - Instream Flow Sesment No. 1

1. Name(s). mailing address and phone no. of applicant(s) is/are _Wyoming Water Development Commission,
Herschler Buildinpg, Cheyenne. WY 82002

111 ee (ham o st oY PUERINP 1 10 568 03 NPT liwt 1he tehas
2, Name & address of agent to receive correspondence and notices Francis Petera. Wyoming Game and Fish
Department, SzOO Bishop Boulevard, Cheyenne, Wyoming; Michael Purcell, Wyoming

water Ueveiopment Lommission, Herschler Bldg.. Cheyenne. Vyoming.

3. (a) The use to which the water is to be appl hied is . hd
Instrecam tlow

{b) Il more than one beneficial use of water is applied for. the location and ownership of the point of use must be shown in item
10 of the application and the details of the facilities used to divert and convev the appropriation must be shown on the map 1n suificient
detail 10 allow the State Engineer 1o establish the amount of appropriation. In multipie use applications, stock and domesuc purposes
are limited to 0.056 cubic feet per second.

4. The source of the propnsed appropriation is ._Laramie River rributary of the Morth Platte River..

vEgINAIAG
5. The YT DL T T promosed ~wries - toeared: Instream Flow Segment extends fomecsdinsame
from the corner of Seﬂmn T 28 T. 13, N.R. n W.. and isifudi
doaweanwmeeascbdry of S LMEASFE 10 T. 13 NLR T w.

Lenoth of Stream approximately 3.94 miles.

6. Are any of the iands crased hy the propmed facility ownert by the State or Fevleral Ginvernment I so. describe lands and indicate whether
State or Federally owned. The land crossed by this stream segmem: in SE 1/6 S 15, T.13N, R.77W.

) 4 2 RLITW i wned b Wyomi Jam nd Fish Department.
Lands crossed bv this scream senment in the N 1/2 W l/& S 26, T. L3N, R. 77W and in
TI7ZSW 1745 23, 1. 3N, K. TIY are deeded private lands trom which the Wyoming Game
and risn Departiment has purchased nermanent public fishing easements on at least one side
‘t‘tﬁé‘?T"?‘EWEHKEI‘"‘EK‘H§‘E?B§3§H By _this stream scpment 1n _the 5 172 W6 1754 ST l/ll»/A

wh & =
lguld«v .uf l:hr ;m-mlcsi‘a‘h\tnsﬁm 3 __Lseg_:mg_y_g_) cubic

O

T ded private
city of lhe dalth canel prpefine or m

y
" The carrving capa
ferr per second.

R. T'he accompanving map is prepared in accordance with the State Fagineer s Manual of Reeulations and Instructions for filing appli-

cations and is hereby declared a part of this application. The State Engincer mav require the filing of detailend consructiom plans.

9. The estimated time required for the commencement of work is 30 days for completion of consruction i«
30 days and to complete the applicaton of water to the henefuial uses stated in this applicatum s
30 _days

*Wyoming Game and Fish Department has purchased a 25-year lease (expiring in 22 years)
for public fishing access.

Permit No. Page Neo.

theae Wlanks



10. The land to be irrigated under this permit is described in the following tabulation. (Give irvigable acreage in each 40-acre subdivi-
sion. Designate ownership of land, Federal, State or private. If private, list names of owners and land owned separately.) If application
is for stock, domestic, or for purposes other than irrigation, indicate point of use by 40-acre subdivision and owner.

NEY NwWy, SwWy, SE%
Township| Range| Sec. [NEYVINWY|SWY|SEY [NEY|NWUISWY| SEY INEINWYISWYISEY INER|NWY|SWY|SE%| TOTALS

13 77 | 26 x| x

13 77 | 23 x| x

13 77 | 22 | x| x x x

13 77 | 15| x| x| x| x x x | x

13 77 | 10 X X
Number of acres to receive original supply e,
Number of acres to receive suppi I spply
Total number of acres to be irrigated PO,

REMARKS

HONTULY INSTREAH

FLOW REQUESTED

Month Flow (CFS Based on the results of a study conducted in 1981
by the Wyoming Came and Fish Department (attached),
a flow riaht of S0 cfs is requested from

Oct. 30 October 1 to March 31 to maintain or improve

Wov. 50 existing levels of trout survival and to maintain

Dec. 50 or_ improve existing levels of brown trout spawning.

Jan. 50 A flow of 100 cfs is requested from April 1 to

Feb. 50 June 30 to maintain or improve existina levels of

Mar <0 rainbow trout spawning. A flow of 50 cfs is

Apc. 100 requested from Julvy 1 to September 30 to maintain

Mav 100 or improve existing levels of adult trout produyction.

June 100

July 50 intervening ditches - Porter Mill Race and Ditch

Auz. 30 et -‘\ . < { a) ., S oLt Q. &

Sepg. 50 ..EST \NLagldlTEeU), TUWETD LJdlHdL TEILILL w0, [UIU/7 (Laplitil).

The lenzth of stream segment is

3.94 ailes.

USGS zage 7 0663950, located upstrecam from the Pioncer canal in the SE{ dk. S 36,

T. 14N., R, 77W., mav be appropriate for an ingtream flow control gasc. It another

age is needed

it will be i

S 10, T. I3N, R, 77W,

Under penaities of perjury. | declare that | have

and compiete.

Wu//

d this

ry of the S % nrl ¢opl

"
b

and to the best of my knowledgre and belief it is true. correct

Signature of Applicant or Agent

 Dme”

-~ /
P /L""/"»‘
// v
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Instream Flow Segment No. 1

Section 10, T, 18 N, 2R 77 M.

Point of Ending. East Boundary
of the S1/2 NEl/4 SE1/4 of

Instream Flow Segment No.l
Point of Begining. South
Boundory Line of the
wW1/2 NW1/4 of Section 26,
T. 18 N, R: 77 "W,

Amounts of Instream Flow Requested ot
the downstream end of Segment No. 1

MONTH FLOW (cfs)

Lot S50

Nov, 20

Dec. v 50

Jan. e 30 e
Felb. 30 |
Mar, 30 .
Apr, 100 . She
May 100

June 100

July 7]

Aug. s

Sept. 30

NOTE:

USGS gage No. 0665950 located upstream from
the Pioneer Canal in the SE1/4 NE1/4 Sec. 36,

T. 14 N, R. 77 W. moy be appropriate for an
Instream flow control gage. If another goge Is
needed It will be Installed neor the East boundary
of the Si/2 NEI/4 SE1/4 Sec, 10 1. 13 N, R 77 W,

\W LARAMIE RIVER INSTREAM FLOW SEGMENT NO.1
/ ¢ Length of river segment = 3.94 miles >

¢ 1 Adjudicated Intervening Ditch )

N
|

SCALE 17 = 1000

LEGEND:
US. - Federal Land

P — Private Land (See Notes)
G & F - Game & Fish Land

NOTES!
F
Private lond owners with no public easements

B

Lease agreement for public fishing, public parking and
public vecicular acess, Public fishing oarea from midstream
of the Laramie River cutward and horizontolly to o point
(30) feet above the normal high waterline on each side of
sald river across the following described lands!

St/2 NEi/4 SEl/4 Section 10, T. 13 N, R 77 W,
SEi/4 SE1/4

El/e NEl/4, Section 15, T. 13 N, R 770 W,

Public parking orea as it exists
Public Vehicular Access on existing road 40 ft, in width

Granted to the State of Wyoming Game aond Fish Commission
by Frederick G. Hansen and Patricia L. Hansen Recorded
Sept. 24, 1986 in book 364 deeds, page 6, Albany County,
Wyoming.

e

Quitclaim deed dated August 30, 1972 to Amos Bovee and
Ethelyn Bovee, husband and wife for parcels of land

Section 23 1. 13 N R, 77 %, opd Sechion @6 T 13 Ny K. /7 W,
Reserving to the Wyoming Game and Fish Commission the
perpetual right for the public to fish along and in the
Laramie River as It traverses and crosses the above
described lands, with the right of Ingress and egress

upon the stream bed of said river and lands immediately
along such stream bed,

Stote of Wyoming )
¥ )sSs
County of Loaramle 3

I Jon S. Ogden, of Cheyenne, Wyoming do hereby certify
that this mop was made from the Woods Landing Wyo.
U.S. Geological Survey Mop dated 1961 and the Jelm
Mountain, Wyo. US. Geological Survey Map dated 1963
(7.5 min. series) the US. Department of the Interlor,
General Land Office plat for T. 13 N, R 77 W. dated
Nov. 21, 1878, and SE-27 Bureau of Land Management
Surfoce Management Quad. doted July, 1980 (Revisecdh
and that It correctly represents the Loramie River
and the land that 1t flows through to the best of
my knowledge and belief.

i d

Y450

MAP .

TO ACCOMPANY
APPLICATION FOR
LARAMIE RIVER -

W SEGMENT NO. 1

INSTREAM FLI

A

PPLICANT

e
FeE TN

WYOMING WATER DEVELOPMENT COMMISSION
. , \ HERSCHLER BUILDING
, 5 e CHEYENNE, WYOMING 82002

B .

Gorden W, Fossett, State Engineer

27 6/30 (Redrawn’
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