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I SUMMARY 

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 

The Wyoming Water Development Commission (WWOC) 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, WWOC 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 50 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 
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TABLE 1 

WYOMING WATER RIGHTS 
From the Laramie River and Tributaries 
Upstream of the Downstream End of 
Instream Flow Segment No. 1 

Pennit Proof Priority Date Amount Adj./ Diversion Location 
Number Number Facility Soun:c Qo Day Vr CFS Use· Un.dj. Sec. Iwn. Riig. II 

DIRECfFLOW 
Terr-29 4509 Smith No.2 Ditch Laramie River 5 1885 0.43 Adj. 34 13 71 A 
Tea-29 4508 Smith No. 1 Ditch Laramie River 5 1885 1.00 Adj. 34 13 71 A 
Tea 4675 Bear Gulch Ditch Bear Gulch 1889 1.14 Adj. 33 13 71 A 

Terr-46 4536 Heidrich Ditch Laramie River 9 1889 0.83 1 Adj. 26 13 71 IN 
1027 5990 Bench Placer Mining Bear Gulch 7 23 1895 1 9 Cane. 34 13 71 A 
3347 17448 Porter Mill Race &: Ditch Laramie River 8 07 1901 0.50 1 Adj. 15 13 71 IN 
5041 5995 Johnson Creek Ditch Johnson Creek 8 03 1902 0.57 1 Adj. 16 12 71 A 
5040 5997 Beaver Creek Ditch Boswell Creek 9 03 1902 0.57 1 Adj. 9 12 71 A 
5454 5987 MauieDitch Jelm or Spring Credc 5 7 1903 0.01 1,3 Adj. 34 13 77 A 
6825 9419 C.D. Johnson Creek 8 31 1905 218 1 Adj. 16 12 77 A 
1413E 9420 Enl. Johnson Creek Ditch Johnson Creek 8 31 1905 1.31 Adj. 16 12 77 A 
7871 17456 Crystal Ditch Spring 7 9 1907 0.06 1,3 Adj. 30 13 76 IN 
7969 9414 Champion DiLCh Spring 9 23 1907 0.68 1,3 Adj. 23 13 71 IN 
15095 20369 Jew Ditch Jelm or Spring Creek 3 17 1917 o:n 1,2,3 Adj. 34 13 71 A 
15094 20368 Mansfield Ditch Bear Gulch 3 17 1917 l.55 1,2,3 Adj. 34 13 71 A 
19036 23504 Jelm Mtn. Lookout Pipe line Jelm Spring 12 2 1938 0.01 2 Adj. 13 13 71 IN 
19641 22926 Gramm Summer Home Pipeline Gramm Spring 7 03 1941 0.03 2,3 Adj. 2 12 78 A 
23478 29891 POller Pipeline Potter Spring 7 16 1970 0.04 3 Adj. 4 12 78 A 
23670 30110 HaLeher Spring and Pipe Line Hatcher Spring 6 10 1971 0.06 2 Adj. 23 13 71 IN 
23672 30514 Maggie Creek Spring Maggie Creek Spring 9 2 1971 0.06 3 Adj. 17 12 76 A 
23932 30663 Hansel Spring Pipeline Hansel Spring 10 6 1972 0.06 2 Adj. 22 13 71 IN 

TF276/30 Laramie River - Ins. Flow Seg. 1 Laramie River 12 15 1989 50,100 Insucam Flow Unadj. 10 13 77 

RESERVOIRS 
5035R 22971 Maggie Creek No. One Res. Maggie Creek 9 1 1938 0.85 AF 2,3 Adj. 18 12 76 
5036R 22972 Maggie Creek No. Two Res. Maggie Creek 9 1 1938 O.90AF 2,3 Adj. 17 12 76 

7184SR 30550 En1. Maggie Creek No. 1 St. Res. Maggie Creek 10 4 1971 233AF 3 Adj. 18 12 76 
7475R 30852 lIoman Reservoir Bos well Creek 9 28 1972 5.20AF 3,10,11 Adj. 21 12 78 

• Usc Description •• A-Indicatca diversion is above 
l=lrrigation, based on I cfs(10 acres upper end of propolcd 
l=DOOlestic Instrcam Flow Segment II 
3=St<K1 
4 .. Uighway Department IN-Indicates diversion is within 
5=Powcr proposed Instream Flow Segme 
6=Reservoit Convcyance 
7 .. DLM Waler Usc 
8=Municipal Use 
9= Mining 
100Flood Control 
ll .. Fish 



TABLE 2 

COLORADO WATER RIGHTS 

From the Laramie River and Tributaries 
Upstream of the Downstream End of 
Instream Flow Segment No. 1 

Pennit Proof Facility Priority Date Amount Adj./ Diversion Location 
Nwnber Nwnber Source :&10 Day Yr CFS· Use·· Unadj. Sec. "wn. R'iig. 

DIRECfFLOW 
519 Mansfield Ditch 2 Laramie River 6 1 1880 19.84 1 Adj. 1 11 71 
512 Hills Ditch Laramie River 7 1 1880 11 1 Adj. 33 11 76 
520 Warren Ditch Laramie River 3 2S 1881 6.67 1 Adj. 26 12 71 
566 Hance Ditch GraceCk 3 31 1881 19.44 1 Adj. 2 11 71 
568 Stuck Ck Ditch Stuck Ck 4 1 1881 16.12 1 Adj. 22 12 71 
549 Jim Creek Ditch Jim Creek 7 10 1881 9 1 Adj. 36 11 76 
572 Biller Boswell Ditch Laramie River 4 1 1882 9.39 1 Adj. 23 12 71 
572 Biller Boswell Ditch Laramie River 4 1 1882 16.43 1 Adj. 35 12 71 
518 Mansfield Ditch Laramie River 4 20 1882 11.61 1 Adj. 12 11 71 
514 Yelton Ditch Laramie River 7 1 1882 30.14 1 Adj. 29 11 76 

\Jl 509 Martin Ditch No I Laramie River 4 20 1883 15.5 1 Adj. 14 10 76 
559 La Garde Ditch La GardeCk 6 10 1883 10.33 1 Adj. 20 11 76 
551 Ward Ditch No 1 JimmyCk 6 IS 1883 4.25 1 Adj. 27 11 76 
550 Ward Ditch No.2 JimmyCk 7 1 1883 9.48 1 Adj. 26 11 76 
553 Jimmy Creek Ditch JimmyCk 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. Ditch T rollope Creek 6 15 1884 6.89 1 Adj. 23 11 76 
541 Homestead Ditch Mc Intyre Ck 7 10 1884 9 1 Adj. 6 10 76 
552 Ollie Ditch JimmyCk 7 1 1886 3.45 (S) 1 Adj. 27 11 76 
510 Martin 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 11 76 
565 Grace Creek Ditch GraceCk 4 1 1888 3.07 1 Adj. 14 11 71 
524 Brown Ditch NooCk 5 31 1890 10 1 Adj. 36 10 76 
542 Lamb Ditch MclntyreCk 6 1 1890 3.88 I Adj. 5 to 76 
515 Jimmy Creek Ditch Laramie River 5 1 1891 5.52 (AP) 1 Ad~. 20 11 76 
522 Laramie River Ditch West Branch Lar. R. 8 7 1891 400 1 Adj. 14 8 76 
539 Comet Ditch Mc Intyre Ck 12 7 1892 7.4 1 Adj. 17 10 76 
534 Forrester Ditch BrownCk 5 15 1893 7 1 Adj. 25 10 76 
557 Pache Ditch La Garde Ck 5 25 1893 18.14 1 Adj. 31 11 76 
505 Link Ditch 1# 1 Laramie River 6 1 1894 14.22 1 Adj. 11 9 76 
535 Lone Tree Ditch LoneTreeCk to 24 1894 25 1 Adj. 11 10 76 
546 Stuart Ditch StuartCk 4 15 1896 7.2 (S) 1 Adj. 6 10 76 
554 TroUope Ck. Ditch Enl. Trollope Creek 5 29 1896 10.86 1 Adj. 23 11 76 
567 Slough Creek Ditch Slough Ck 5 30 1896 4.11 1 Adj. 2 11 77 
559 La Garde Ditch Enl La GardeCk 6 1 1896 4.87 (S) 1 A~. 20 11 76 
553 Jimmy Ck. Ditch Enl JimmyCk. 6 2 1896 9.48 (S,AP) 1 A ~. 17 11 76 
515 Jimmy Creek Ditch Enl Laramie River 6 2 1896 9.48 (S) 1 Adj. 20 11 76 
527 Link Ditch 112 Enl Link Creek 6 15 1896 3.4 (S) 1 Adj. 2 9 76 
527 Link Ditch 112 Laramie River 6 IS 1896 2.0 1 Ad~. 2 9 76 
558 La Garde Ditch No 1 La Garde Ck 6 16 1896 15.4 (S) 1 Adj. 30 11 76 



TABLE 2 (continued) 

COLORADO WATER RIGHTS 

From the Laramie River and Tributaries 
Upstream of the Downstream End of 
Instream Flow Segment No. 1 

Pennit Proof Facility Priority Date Amount Adj./ Diversion Location 
Number Number Source Mo Day Yr CFS· Use·· Unadj. Sec. l'wn. Rng. 

564 Detro Ditch No I Forrester Creek 6 17 1896 5.0 (S) 1 Adj. 7 11 76 
S06 Parker Ditch Laramie River 10 10 1896 14.1 (S) I 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. 1 Enl GraceCk 4 28 1900 6.3 (S) 1 Adj. 14 11 77 
524 Brown Ditch PonerCreek 9 10 1900 15.9 (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 StubbCk 9 16 1900 7.94 (S) 1 Adj. 35 10 76 
536 Glendevey Ditch McIntyre Ck 7 1 1901 2.0(S) 1,2 Adj. 29 10 76 
543 Talmage Ditch No 2 Jinks Ck 7 2 1901 3.0 (S) 1,2 Adj. 28 10 76 
523 Brinker Creek D. Brinker Creek 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 77 
561 Homestead D. No 2 UUle Jenkins Ck 10 23 1901 8.0 (S) 1 Adj. 25 11 77 
518 Mansfield Ditch Enl Laramie River 4 1 1902 4.0 (S) 1 Adj. 12 11 77 
519 Mansfield Ditch 2 Enl Laramie River 4 IS 1902 1.9 (S) 1 Adj. 1 11 77 
542 Lamb Ditch Enl Mc IntyreCk 5 28 1902 15.0 (S) 1 Adj. 5 10 76 
574 Forrester Ck. D. No.2 Forrester Creek 5 30 1902 4.0(S) 1 AdJ. 7 11 76 
537 Talmage Ditch No I Mc IntyreCk 5 31 1902 8.0 (S) I Adj. 29 10 76 
528 N un Creek Ditch Nun Creek 7 8 1902 5.0 (S) 1 Adj. 18 9 75 
502 Long Park Ditch Laramie River 7 10 1902 10.0 (S) 1 Adj. 25 9 76 
544 Pine Creek Ditch Pine Ck 8 20 1902 4.0(S) 1 A~~. 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 Laramie River 8 25 1902 300.0 (S) 1 Adj. 7 8 75 
582 Rawah D of Lar R Sys RawahCreek 8 25 1902 225.0(S) I Adj. 32 9 76 
581 Me 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 15.3 (S) 1 Adj. 2 10 77 
507 Timothy Ditch Laramie River 7 5 1904 34.36 (S) 1 Adj. 23 10 76 
580 Mansfield Ditch No 3 Laramie River 9 1 1904 29.4 (S) 1 Adj. 1 11 77 
556 Schnitger Ditch Enl La Garde Ck 5 29 1906 8.0 (S) 1 Ad~. 30 11 76 
548 British Ck Ditch No 2 British Ck 7 1 1906 12.0 (S) 1 Adj. 6 10 76 
565 Grace Creek D. 2 Enl Grace Ck 4 1 1907 10.0 (S) 1 . Adj. 14 11 77 
538 Mc Intyre Ditch Mc Intyre Ck 7 21 1908 7.0 (S) 1 Ad~. 20 10 76 
510 Martin D. 2 2nd En! Ext Laramie River 5 25 1910 6.0 (S) 1 Adj. 10 10 76 
544 Pine Creek Ditch Ext. PineCk 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 Ad~. 7 10 76 
540 Stuart Ditch No. 2 Mc Intyre Ck 5 24 1913 29.4 (CSS) 1 A~. 9 10 76 
584 W right Ditch No 2 laramie River 7 3 1916 15.0 ( ) 1 A ~. 14 10 76 
526 Comet Ditch Enl Spring Ck 7 1 1923 2.6 (S) 1,2 Ad~. 17 10 76 
556 Schnitger Ditch Eni. LaGarde 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) 11 Adj. 20 12 77 



Pennil 
Nwnber 

RESERVOIRS 
4004 
4001 
3998 
4002 
3390 
3993 
3392 
3991 
3995 
3997 
3994 
3996 
3999 
4000 
4003 
4006 
4004 

• NOTE: 

Proof Facilily 
Nwnber 

Johnson Res 
Link Lake No 11 
Link Lake 114 
Link Lake No 10 
Link Lake No 1 
Link Lake No 3 
Link Lake No 2 
Link Lake No 9 
Link Lake 115 
Link Lake 1112 
Link Lake 1#7 
Link Lake 1#8 
Link Lake 1#6 
Link Lake 1113 
Link Lake 1# 14 
Laramie River Res 
Johnson Res Enl 

C - Conditional 
S - Supplemental 
AP- Alternate Point of Diversion 
CA- Conditional Made Absolute 

TABLE 2 (continued) 

COLORADO WATER RIGHTS 

From the Laramie River and Tributaries 
Upstream of the Downstream End of 
Instream Flow Segment No. 1 

Priority Date 
Source Mo Day Yr 

GraceCk 6 7 1897 
Mc Intyre Ck 8 2S 1902 
RawahCreek 8 2S 1902 
Mc Inlyre Ck 8 2S 1902 
RawahCreek 8 2S 1902 
Rawah Creek 8 2S 1902 
RawahCreek 8 2S 1902 
RawahCreek 8 2S 1902 
RawahCreek 8 2S 1902 
RawahCreek 8 2S 1902 
Rawah Creek 8 2S 1902 
RawahCreek 8 2S 1902 
Rawah Creek 8 2S 1902 
Rawah Creek 8 2S 1902 
Spring Creek 8 2S 1902 
Laramie River 8 6 1908 
Grace Ck 6 1 1940 

•• USE DESCRIPTION: 
I=Irrigation 
2=Domestic 
3=Swck 
4=Highway Department 
S=Power 
6=Reservoir Conveyance 
7=BLM Water Use 
8=Municipal Use 
9=Mining 
100Aood Control 
ll=Fish 

Amount 
CFS· 

149.0AF(S) 
1148.0 AF(S,C 
S92.0AF(S) 
425.0 AF (S,C 
1050.0 AF (S) 
52S.0AF(S) 
1400.0 AF (S) 
2000.0 AF (S) 
700.0AF(S) 
138.0 AF(S) 
44O.0AF(S) 
574.0 AF(S) 
314.0AF(S) 
597.0 AF(S) 
597.0 AF(S) 

44536 AF (S,C 
Not Stated (S) 

Adj./ 
Unadj. 

Adj. 
Ad~. 
Adj. 
Adj. 
Adj. 
Adj. 
Adj. 
Ad~. 
Adj. 
Adj. 
Adj. 
Adj. 
Adj. 
Adj. 
Adj. 
A~~. 
Adj . 

Diversion Location 
Sec. 'I wo. Rng. 

2 11 n 
31 9 76 
32 9 76 
31 9 76 
7 8 76 
5 8 76 
5 8 76 
6 8 76 
5 8 76 
4 8 76 
5 8 76 
4 8 76 

32 9 76 
29 9 76 
29 9 76 
35 10 76 

2 11 n 



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. 

ill 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. 

8 



Station number 066595 (Pioneer) is approximately 3 miles downstream from the 

downstream end of the instream flow segment. Station number 066585 (J elm) 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, (J elm), 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. 

9 



TABLE 3 

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

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

1904 271.71 101.00 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 565J)6 791.77 222.55 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 83.29 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 1335.23 234.29 107.74 37.27 186617 
1915 71.61 45.00 28.00 22.00 28.00 30.00 120.03 303.90 477.17 128.61 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 

0 1919 50.00 45.00 45.00 45.00 45.00 50.00 120.07 425.23 281.97 91.77 54.90 37.77 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 73.77 516.06 648.93 213.58 104.13 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 77.55 46.57 32.00 30.00 35.00 39.55 171.03 304.39 383.97 66.52 42.45 33.33 76151 
1932 54.26 47.20 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 23.13 22.68 35.42 121.(17 256.61 1089.53 146.45 52.06 49.70 115019 
1934 44.23 32.03 27.42 31.10 37.29 41.52 107.60 231.68 51.33 17.90 29.52 21.93 40770 
1935 34.13 27.63 23.61 25.52 28.89 32.74 44.73 176.26 1030.83 183.71 56.97 40.53 102430 
1936 48.71 64.80 36.97 34.77 39.45 37.58 192.17 585.10 401.03 99.58 66.90 43.77 99957 
1937 50.77 55.73 28.32 23.74 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 32.03 74858 
1940 38.58 36.57 24.16 23.45 23.86 33.06 57.90 335.32 482.73 212.90 63.45 50.43 83663 
1941 61.06 40.63 37.23 32.39 29.43 39.71 60.33 378.77 478.47 210.84 88.52 68.93 92388 
1942 81.55 56.77 36.55 20.81 22.00 26.23 100.97 460.84 934.30 127.61 46.29 32.53 117320 
1943 54.45 48.53 38.26 28.03 31.93 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 67.27 302.65 489.00 146.45 63.13 28.67 77129 



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 71.C11 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 40.39 20.00 20.93 28.13 85.13 604.74 783.63 340.03 130.74 81.33 135602 
1948 78.23 67.30 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 70.26 46.30 124973 
1950 55.06 43.67 30.48 24.23 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 88.30 626.39 978.27 204.55 127.71 60.90 138702 
1952 66.23 42.20 30.29 32.48 32.79 44.06 133.70 696.35 981.83 144.94 56.84 33.67 138645 
1953 33.42 31.20 28.90 31.71 28.11 35.97 56.77 190.23 361.23 74.06 103.90 32.13 60835 
1954 34.23 38.87 35.48 33.29 25.21 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 37.32 86.03 645.29 585.63 126.42 103.61 32.50 109224 
1957 25.71 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 42.71 38.07 30.45 29.87 29.93 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 41.71 61.50 56.16 270.50 763.55 804.23 333.10 71.45 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 38.70 24.16 17.68 16.79 16.61 54.97 406.74 449.50 191.65 125.45 60.03 87257 
1965 42.77 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 41.32 32.18 60.00 75.57 306.84 177.33 52.35 47.55 34.23 66093 
1967 46.58 37.03 32.06 27.23 28.96 51.19 58.17 302.97 782.20 351.77 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 70.67 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 31.93 42.23 96.70 643.87 1072.73 201.77 79.94 58.00 145664 
1971 70.74 56.03 35.74 34.87 31.43 47.13 113.20 443.42 1397.53 227.26 82.32 66.23 156805 

MEAN 59.13 47.91 36.41 31.61 31.67 39.83 100.01 462.49 767.67 202.41 86.04 54.73 115736 
STDDEV 21.95 14.41 9.85 8.98 8.74 11.69 44.09 165.27 399.96 140.32 32.37 21.05 38479 
NRECORD 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 



TABLE 4 

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

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

1912 649.14 649.14 1511.20 558.84 121.68 80.13 
1913 103.52 69.90 31.58 43.06 42.61 53.58 213.40 622.65 446.21 111.35 50.58 50.80 160855 
1914 43.19 59.83 51.11 46.16 41.04 54.58 130.23 992.58 1022.01 152.91 41.32 18.51 91843 
1915 10.19 50.11 30.23 24.11 32.64 35.42 131.61 331.81 539.61 140.26 64.45 63.30 146424 
1916 65.10 49.41 46.48 51.61 52.86 69.26 148.10 690.11 801.01 224.42 125.26 95.13 219923 
1911 104.81 85.30 68.90 51.35 52.61 43.26 124.90 618.19 2334.13 896.84 184.91 10.03 
1918 105.83 841.45 1390.91 243.81 18.00 12.70 
1919 52.11 129.80 459.65 291.20 15.94 51.52 38.40 
1920 985.45 1580.11 327.71 138.19 18.03 
1921 55.45 12.10 64.00 69.10 92.11 890.11 1591.43 314.81 151.81 55.51 
1922 61.97 51.50 26.71 19.00 19.00 49.52 130.81 489.91 656.61 113.45 64.23 34.91 103119 
1923 14.65 26.33 19.50 524.42 1127.20 542.10 136.32 80.80 
1924 
1925 
1926 
1921 112.45 762.91 251.26 11.55 10.31 

....... 1928 
N 1929 

1930 
1931 
1932 814.61 836.50 184.13 65.14 29.13 
1933 44.00 40.93 35.00 35.00 38.00 55.00 93.41 395.32 1210.83 160.11 52.68 45.81 136216 
1934 36.84 32.00 30.00 34.00 40.00 50.10 139.90 287.32 62.93 20.13 26.01 14.16 46862 
1935 33.17 23.55 64.43 301.39 1220.61 204.19 60.13 38.30 
1936 42.49 55.56 193.30 458.20 101.59 85.80 48.45 
1937 38.99 65.13 41.00 136.30 519.13 495.01 156.15 53.83 34.60 
1938 41.38 50.60 15.25 151.91 898.11 1202.93 214.74 61.53 111.73 
1939 67.61 13.00 160.63 561.35 314.65 52.12 40.58 30.58 
1940 36.19 37.90 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 51.00 212.11 543.10 869.01 139.91 54.79 32.33 
1944 39.06 75.56 386.26 511.41 157.47 67.51 27.36 
1945 46.03 44.13 147.40 681.03 738.00 319.39 201.26 67.43 
1946 57.93 73.84 240.03 466.84 610.10 216.91 92.31 52.31 
1947 45.06 128.78 802.74 930.43 391.91 142.61 75.98 
1948 16.11 194.88 815.09 487.00 135.11 80.68 27.67 
1949 51.40 743.19 1127.50 201.12 65.96 49.50 
1950 67.16 108.57 457.98 738.41 166.99 12.79 73.55 
1951 51.71 44.90 43.13 36.19 36.96 43.13 119.90 854.74 1051.41 212.39 122.94 57.60 161736 
1952 79.74 50.40 41.03 42.26 41.41 51.84 191.10 920.55 1021.93 157.68 55.55 31.00 163045 
1953 33.74 42.60 40.13 44.06 40.07 52.48 78.57 233.29 316.53 74.00 101.13 28.11 69144 
1954 34.58 43.93 38.54 31.39 31.21 40.26 123.20 287.81 116.90 50.52 24.84 17.31 50894 



TABLE 4 (continued) 

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) 

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 41.26 37.74 34.55 50.32 108.13 786.23 680.87 129.03 100.32 32.73 126107 
1957 35.26 44.03 34.35 28.35 37.04 47.77 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 42.97 32.58 32.06 32.21 35.97 97.40 485.39 787.30 123.77 85.16 58.00 112439 
1960 91.29 64.60 55.13 44.39 38.86 42.26 192.27 443.81 620.63 143.55 97.84 48.93 113823 
1961 40.26 33.20 28.26 24.32 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 41.77 34.68 43.21 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 27.74 93.33 503.42 460.23 181.48 115.94 56.60 97049 
1965 42.10 45.43 38.35 45.81 47.50 50.00 135.20 554.35 1236.07 273.32 115.90 126.23 163305 
1966 133.35 87.13 77.39 57.13 43.71 84.94 120.23 343.06 190.20 58.26 46.45 29.17 77046 
1967 49.19 37.77 32.61 29.23 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 75.73 135892 
1969 69.35 49.43 50.19 39.13 34.61 40.16 163.07 609.58 461.37 127.84 73.94 54.37 101369 
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 67.47 39.58 36.58 36.57 59.58 158.43 706.68 1441.43 240.45 81.23 73.57 182212 w 1972 67.48 46.60 39.48 38.87 42.07 78.84 88.23 382.06 809.57 91.87 84.65 67.60 110799 
1973 108.77 839.16 1124.73 348.81 114.87 81.90 
1974 157.84 938.16 830.47 154.87 65.32 65.83 
1975 92.97 308.84 804. so 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 67.26 48.81 33.30 
1978 112.37 548.03 1161.83 202.26 66.55 54.53 
1979 154.01 722.65 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 43.71 36.57 
1982 69.27 405.45 1086.70 477.77 136.90 123.60 
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 184.47 828.97 673.17 140.97 49.77 53.33 
1986 272.77 917.52 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 41.30 45.50 

MEAN 59.25 53.53 43.02 38.43 39.17 52.07 140.18 597.74 863.73 222.98 85.91 56.36 128730 
STDDEV 26.04 16.44 11.97 9.73 10.13 13.55 82.55 230.19 503.32 180.00 39.23 25.48 51547 
II RECORD 49 43 31 30 30 34 66 71 71 71 71 71 29 
MIN 14.65 23.55 26.71 19.00 19.00 27.74 64.43 233.29 62.93 20.13 24.84 14.76 46862 
MAX 160.39 94.90 77.39 57.35 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 tnbutary 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. 

15 



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 J elm 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 
Equation: Jelm = 0.843 (Pioneer) 
Correlation Coefficient (R) . 
Coefficient of Determination (R2) 

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

66 
Y = 0.846X 
0.982 
0.965 



July - September (1932 - 1971) 
No. of Observations 
Equation: Jelm = 0.929 (Pioneer) 
Correlation Coefficient (R) . 
Coefficient of Determination (R2) 

120 
Y = 0.929X 
0.992 
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) . 
Instream Flow Segment (Downstream End) 
Station No. 066595 (Pioneer) 
Between Gaging Stations 
Between Instream Flow Segment and Pioneer Gage 

294 square miles 
385 square miles 
434 square miles 
140 square miles 
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. 
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FIGURE 3: MONTHLY FLOWS OF LARAMIE RIVER AT 
PIONEER CANAL / JELM FOR PERIOD OCTOBER - MARCH 

(1951- 1971 ) 
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fiGURE 4: MONTHLY FLOWS OF LARAMIE RIVER AT 
PIONEER CANAL /JELM fOR PERIOD APRIL- JUNE 

(I950 - 1971) 
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FIGURE 5; MONTHLY FLOWS OF LARAMIE RIVER AT 
PIONEER CANAL / JELM FOR PERIOD JULY - SEPTEMBER 

(1932 - 1971) 
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TABLE 5 

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

tFAR OCTUlWR ~U~FMIWH nF(:I;~UU:R lAtillAHt H;UH IlAIl:t MAIH'II AI'IW MAY JUtiF JUI Y AIlCiUSr SJ:J'TFMIWH TUTAI (AE) 
1913 91.81 66.06 35.5l 40.69 40.27 50.63 20&.88 589.03 422.&1 l08.57 49.32 49.51 105989 1914 40.8l 56.54 48.91 0.62 44.45 51.58 123.20 918.98 966.88 l49.lS 40.29 II.ll &52481 19l5 66.33 41A1 28.51 13Al 30.8" 33.41 &30.24 3l1.95 5ao.S1 136.1S 62.84 61.11 81243 1916 61.52 46.15 0.92 48.11 49.95 6S.45 140.61 653.41 151.8l 2&8.81 122.13 92.15 139129 1911 99.10 80.6l 65.ll 54.20 49.12 40.88 118.16 584.81 2208.65 81442 &80.35 68.28 266613 1918 100.12 196.01 1315.86 231.11 16.05 10.88 1919 49.81 122.19 04.83 21S.48 14 ().t 56.08 31.44 1920 

932.24 1494.84 319.52 114.14 16.08 1921 52.40 68.10 60.48 65.10 81.16 842.10 1505.49 306.94 148.01 54.11 1922 58.56 48.61 25.24 11.96 11.96 46.80 113.80 461.51 621.21 110.61 62.62 34.10 98485 1923 13.84 24.88 15.21 496.10 1633.91 521.55 132.91 11.18 1924 
1925 
1926 
1921 

130.14 121.11 244.98 15.61 68.61 1928 
1929 
1930 
1931 

N 1932 
821.38 191.31 119.51 6-4.10 21.99 

N 
1933 41.58 38.68 31.08 33.08 15.91 51.98 88.42 111.91 1201.21 156.69 51.16 44.12 11935l 1934 34.81 30.24 28.15 32.l3 31.80 41.14 112.15 211.80 59.53 19.61 25.42 14.39 +1404 1935 31.91 22.25 60.95 290.19 1154.15 199.09 58.61 31.14 1936 40.15 52.50 150.46 411.46 l04.9O n.66 41.24 1931 36.8S 61.55 18.15 128.94 541.86 468.14 152.81 Sl,48 3114 1938 44.11 41.82 11.11 141.16 850.18 1111.91 209.31 65.84 108.94 1939 61.89 68.99 151.96 511.04 291.66 51.40 39.51 29.12 1940 34.11 35.82 66.19 81.91 380.96 446.21 2l1.62 58.42 49.01 1941 59.11 41.11 83.56 461.01 442.26 204.00 84.21 41.40 1942 11.10 19.98 161.21 605.26 1046.91 148.40 46.93 32.51 1943 49.99 53.81 258.04 511.11 822.14 136.41 51.41 31.52 1944 36.91 11.48 365.40 481.SS 15151 65.82 26.68 1945 43.50 41.10 139.44 644.25 698.15 311.41 196.23 65.14 1946 54.14 69.18 221.01 441.61 511.15 21t.55 90.00 51.00 1941 42.51 121.in 159.39 880.19 382.17 139.04 14.08 1948 ll.92 184.36 111.08 460.10 132.38 78.66 26.98 1949 48.51 10}.()6 1066.62 196.68 64,31 48.26 1950 63.41 102.11 433.2S 698.59 162.82 10.91 71.11 1951 48.81 42.41 40.16 34.20 14.93 40.16 111.41 808.58 994.69 201.08 119.81 56.16 1 53S60 1952 lS.35 41.63 18.11 39.94 19.13 48.99 186.46 810.84 912.42 1S3.74 54.16 30.21 154533 1951 31.18 40.26 31.91 41.64 31.81 49.59 14.33 220.69 156.20 12.15 98.60 28.05 65611 1954 31.68 41.S1 16.41 29.66 29.49 18.0S 116.5S 212.11 110.59 49.26 24.21 16.9·' 48189 1955 46.11 36.32 33.41 21.S3 21.28 21.11 63.38 228.58 266 A 2 110.59 Ill.18 14.64 62152 1956 34.19 40.10 38.99 35.66 32.65 47.SS 102.29 141.71 6H.IO 115.80 91.81 31.91 119554 1951 33.32 41.61 32.46 26.19 35.00 4S.l4 18C)O 524.26 1941.19 107.69 122.16 62.31 219948 1958 75.82 59.88 51.46 43.65 40.10 40.16 83.1S 191.85 510.46 81.14 61.11 44.95 114651 1959 41.95 40.61 30.79 30.30 30.014 33.99 92.14 459.18 144.79 120.68 8lOl 56.55 106775 



TABl .. E 5 (continued) 

LARAMIE RIVER: GENERATED fLOWS AT 
DOWNSTREAM END OF INSTREAM fLOW SEGMENT NO.1 
Average Monlhly Plows (cfs) 

YFt\8 {K::rUlU'H NU~FMIWI! 1l1:{'FMIWB IA~llA8X I;FIUUIARX Mt\RCIl AI)811 MAY IU~I; JUI X AUfiUSJ SFlt]]:bJlWR IOTAI (AI:) 

1960 86.27 61.05 S2.IO 41.95 36.12 39.9~ 181.89 ·U9.84 587.12 119.96 95.39 41.11 108006 
1961 38.05 31.37 26.71 22.98 2S82 40.13 12.25 508.49 881.28 l)l63 16.15 12S.06 ll916) 
1962 ISI.S7 89.68 S4.99 50.10 10.40 66.15 ))6.27 1000.35 139.21 )02.59 13.22 44.36 lS0331 
1961 55.81 48.32 19.47 32.11 40.81 4S.16 93.63 382.16 221.08 58.S0 81.62 60.16 10603 
1964 31.84 36.41 )1.61 26.91 24.S0 26.21 88.29 416.24 415.38 116.94 IIlO4 5S.19 92262 
1965 39.78 42.9) 36.24 43.29 44.89 47.25 121.90 524.42 1169.12 266.49 11300 12101 1554M 
1966 126.02 82.34 13.13 53.99 41.31 80.27 111.14 324.53 119.9) 56.80 45.29 28.44 13060 
1961 46.48 35.69 30.82 21.62 38.40 S8.IO 77.88 310.14 161.37 331.91 61.71 58.51 IIIOIl 
1968 49.51 45.99 36.16 44.20 41.42 49.99 84.4S 324.38 II0I.n 111.96 116.66 13.84 129041 
1969 6S.S4 46.1l 41.0 36.98 32.11 31.95 1S4.26 576.66 436.46 124.64 12.00 53.01 101912 
1970 10.18 6S.37 46.10 31.65 4S.90 41.81 96.18 119.91 1099.89 23181 81.02 59.06 163334 
1911 17.04 63.16 )1.40 34.51 34.56 56.30 149.81 668.52 1363.59 234.44 19.20 11.13 113041 
1912 63.11 44.04 31.31 36.13 39.16 14.50 81.41 361.0 165.15 89.57 82.S) 65.91 lOS 111 
1913 102.90 193.as 1063.99 340.09 112.00 19.15 
1914 149.32 887.50 185.62 151.00 63.69 64.18 
1975 81.95 292.16 161.06 35 •. 61 81.59 58.40 

N 
1916 100.81 318.11 439.89 U8.90 135.14 51.69 

w 1911 108.19 282.98 115.05 65.58 41.59 32.41 
1918 106.30 5U.44 1099.09 191.20 64.89 5111 
1919 145.15 683.63 I 090. sa 211.27 86.24 46.90 
1980 135.21 740.61 9 .... Sl 111.13 42.96 31.11 
1981 106.14 220.91 122.96 98.88 42.62 35.66 
1982 65.53 383.56 1028.01 465.83 113.48 120.SI 
1981 84.12 477.55 2309.19 99199 189.25 76.66 
1984 122.48 1069.68 1141.91 407.5S 152.12 Ill.62 
19as 174.S 1 184.21 636.81 131.45 41.S3 S2.00 
1986 2S8.M 861.91 1626.14 337.51 8U)6 86.68 
1981 lS2.47 38S.11 115.67 64.32 38.2S 32.89 
1988 146.61 615.85 164.31 97.11 42.02 313S 
1989 IS2.11 227.99 177.as S3.92 40.27 44.36 

MhAN SS.l1 49.S8 39.49 ]2.64 36.30 45.81 121.96 S44.16 186.90 213.04 81.91 S4.06 ii3106 
STODUV 28.S8 11.95 14.79 16.0S 1368 1801 5S.l1 240.01 499.10 186.01 40.61 26.51 S9249 
• RECORD SS 49 11 39 36 41 11 76 16 16 16 16 36 
MlN 13.84 22.2S 25.24 11.96 "'.96 26.21 6O.9S 220.69 59.S1 19.61 24.22 14.39 444().t 
MAX IS6.03 101.11 13.11 65.00 10.40 80.21 336.27 1069.68 2309.19 993.99 196.23 12S.06 266613 

ocr NOV UEe JAN a:.!O MAlt APR MAY JUN JUl AUG smt 
REQUESl so SO so so so SO 100 100 100 50 so 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 in stream 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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1954 12520 
1934 12669 
1957 12888 
1959 12901 
1922 13028 
1915 13867 
1956 13888 
1933 14116 
1967 14281 
1953 14400 
1951 14584 
1965 15289 
1963 15831 
1968 16100 
1969 16149 
1914 17205 
1952 17493 
1972 17883 
1971 18338 
1958 18840 
1970 18918 
1916 19063 
1960 19215 
1913 19981 
1917 23501 
1966 27694 
1962 29132 

TABLE 6 

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

APRll..-JUNE COMPLETE YEA 

YEAR Acre-Feet YEAR Acre-Feet 

1934 44404 
1954 48289 
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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o crOBER-MARC 

YEAR Acre-Feet 

TABLE 6 (continued) 

RANKING OF FLOWS IN ASCENDING ORDER 
Downstream End Of Instream Flow Segment 
Total Flow (Aac-Fcct) 

APRIL-JUNE JUL Y -SEPTEl\1BER COMPLETE YEAR 

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

1988 92006 1949 18888 
1916 93641 1978 19256 
1943 95867 1940 19629 
1985 96498 1941 20104 
1933 99794 1961 20438 
1978 103605 1964 21000 
1947 106319 1976 21359 
1965 109437 1979 21375 
1942 109470 1946 21499 
1974 110205 1968 22424 
1980 112174 1970 22829 
1979 115603 1951 23319 
1951 115657 1938 23490 
1973 118248 1918 23501 
1970 121587 1971 23539 
1952 122506 1927 23781 
1914 122601 1962 25691 
1962 125510 1916 26425 
1938 128546 1967 27685 
1971 131165 1975 30608 
1923 132207 1965 30678 
1918 133203 1921 31012 
1984 141011 1986 31323 
1921 146586 1920 32342 
1957 152442 1973 32486 
1986 165524 1945 34867 
1983 171789 1947 36328 
1917 174416 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. 

Month 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

1934 

Table 7 
Comparison of Monthly Flows During 

Driest Year on Record (1934) and 
Requested Flow 

Mean Monthly Requested Shortfall 
Flow Flow 
(cfs) (cfs) (cfs) 

34.8 50 15.2 

30.2 50 19.8 

28.4 50 21.6 

32.1 50 17.9 

37.8 50 12.2 

47.3 50 2.7 

132.4 100 

271.8 100 

59.5 100 40.5 

19.6 50 30.4 

25.4 50 24.6 

14.4 50 35.6 
TOTAL 

TOTAL (June-Sept.) 

28 

Volume of 
Shortfall 

(AF) 

935 

1,178 

1,328 

1,101 

678 

166 

2,410 

1,869 

1,513 

2,118 
13,296 

7,910 
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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 

April - June 

July - September 

1964, 1961, 1955 

1934, 1954, 1989 

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 257.4 100 

June 116.0 100 

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. 

Shortfall for 
Entire Year 

Shortfall for 
July - September 

Excess Flow 

Table 9 
Summary of Annual Flow Shortages and Excesses 

Laramie River at Proposed Instream Flow Segment 

Average 
Year 
(AF) 

2,152 

o 

86,306 

Lowest 
Year 
(AF) 

13,296 

7,910 

12,492 

Lowest 
3-Years 
by Period 

(AF) 

10,482 

3,618 

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. 
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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 
Period Instream Flow 

(cfs) 

October - March SO 
April - June 100 
July - September 50 

WG&F 
Exceedence Criteria 

% Time 

35 

N/A 
N/A 
50% 

Exceedence During 
Period of Record 

% Time 

26% 
80% 
70% 
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FIGURE 10: LARAMIE RIVER 
DAILY DURATION CURVES APR I-JUN 30 
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FIGURE 11: LARAMIE RIVER 
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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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APPENDIX I 



WYCMING GAME AND FISH DEPARIMENI' 

FISH DIVISION 

TrI'IE: I..aram.ie River Instream Flew Report 

PR:lJEC!: IF-5089-Q7 -8902 

AUIHOR: Gerald F. Vogt, Jr. an:l 'Ihanas C. Annear 

~: June 1989 

Data were collee-~ during the 1981 field season to con::it.ltt :lnst::-"'"ealtl fla..l 
analyses for a segment:. of the Laramie River located near the town of Woods I.an::ti.ng, 
Wyoming. The study a.rx:i this report were prepared in compliance with Inst:ream Flow 
Legislation to supp:Jrt a Wyoming Water Cevelopment ccmnission application for an 
inst:ream flow water right. 

study Area 

The I..aram.ie River is considered a Class 2 S-~ by t.~e Wyoming Game arxi Fish 
Cepar.:::-ent:. (~FD). Stream classifications throughout Wycmil''lg range from Class 1 
(highest rating) to Class 5 (lowest ratirx;). Class 2 st:.reams are generally 
considered impor-.....ant t::'oUt fisheries on a state'N'ide basis. Less than 6% of all 
streams in ~~e s-~te are Class 2 or be~~r st::=eams. 

'!he Laramie River contains a naturally reproducing population of brown trout and 
a small population of rainbow trout. '!be st.-eam is currently managed as a wild 
fishety for brown trout, an:i future emphasis will include management of wild rainbow 
trout. '!his stream segment is not am:ently stocked by the ~FD. The segment of t.~e 
I..aram.ie River identified as the ins-~ flOW' reach pa.$Sf='-S through lani owned by the 
~~FO and private lani on w1ti.ch the ~FD has secu.re=i access for ~lic fishing an:i is 
highly accessiOle to the public. 8ecause this sec-~on of t.~e Laramie River supports 
an impor-..ant trout fishery ani has public access, this segment was identified as a 
critical reach. 

Data Collec-~on 

All of t!1e field data used in this sttldy we..re collected from a 393 foot long 
study site located within a ~FO public fishing area in the nort:.~east quarter of 
Section 15, Township 13 No~~, Range 77 West. This site is located approximately 1.S 
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miles upstream from the town of woods tanc:l.ing (Figure 1). 'Ihis site contained a 
ccmbination of pool ani riffle habitat for trout that was representative of trout 
habitat features fourd throughout this p::lrtion of the st:'eam. Results an:i 
reGW4t1erxlations were applied to a portion of the stream extending from the east 
bounJal::y of the S 1/2 NE 1/4 SE 1/4 of Section 10, TIJN I R77W upstream to the sout.'1 
bounJal::y of W 1/2 NW 1/4 of See-...ion 26, n3N, R77W. '!his is a distance of 
approximately J. 9 stream miles. 

In aa::ord.ance with the 1986 Instream Flow legislation, the goal of this study 
was to dete.mine inst:ream flows necessary to maintain or improve the existing trout 
fisher{. '!he specific objectives of this study were to determine instream flows 
necessary to 1) ma.intain or improve physical habitat for rair.bow trout spawnirq 
dtlrirx; the spring, 2) maintain or improve physical habitat for brown trout spawning 
dtlrirx; the fall, 3) maintain or improve hydraulic characteristics in the winter that 
are important for sw::vival of trout, fish passage ani aquatic insect production aoo, 
4) maintain or improve adult trout production during the late SUIl1ner months. Three 
habitat rroie1 s were used to make these determinations. 

M:d.els 

A physical haiJitat simulation model (PHABSIM) developed by t.~e Instream Flow 
Service Group of t..~e U.s. Fish and Wildlife Service (Bovee and Milhous 1978) was used 
to quantify incremental c.~es in the aroount of physical habitat available for 
ra.inbow arxi brown t....-out spawning at various discharge rates. '!he amounl:. of physical 
habitat: available at a given disc:1arge is expressed in ter.ns of weighted usable area 
(WUA) ard refl~...s the ccmposite suitability of dept:.~, velocity .3.nd subs'C.."""ace at a 
given flaN. Cept:h, velocity ani su.bst:rate data were colleceed at: seven ~...s as 
desc:ibed in Bovee and l-tilhous (1978). oates and disc.~e rat:es w'hen data were 
collec-~ are given in Table 1. The t'4UA for ::air-bow and brown t..~ut: r...,as simulated 
for flcr..;s ranging f.!.-..IU 10 to 400 cubic feet per second (cfs) using calibrati.on and 
nn:!eling tec:miques outlined. in Milhous el:. ale (1984). 

Table 1. cates and d:isc.~es w'hen irstteam flaN data r,.;ere coll~ed at the Laramie 
River i.nst...-eam flew seqmenl:.. 

Date 

04-13-81 
04-30-81 
05-13-81 

Discrarge ( cfs) 

52 
194 
103 

A Habitat Retention met.~od (Nehring 1979 ~ Annear and COnder 1984) was used to 
identify a rraintenance flew. A maintenance flaN' is defined as t."1e lowes1: con1:inuous 
flew that will maim:ain mi.niJm.nn hydraulic criteria at riffle areas in a S1:--ealtl 
segment. 1'hese criteria are impc)l:-~t at all times of year to maintain passage 
between different: habitat types for all life stages of t...~. 'These c:-iteria are 
also important for :raintaining StJrJival ra1:.es of fish and aquatic rracroinver---e.brates 
during the winter t.~t approxilna1:e ra1:as observed under natllral sa-eam flew 
coniitions. Data f.!.""m sirqle transects placed across t.~ riffles rN'it.'1in t.~e study 
area were analyzed rN'ith the IFG-1 compul:.er prcgram (r-tJ.L"1ous 1978). Flaw data were 
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Woods Landi~_ 

..... --- 1981 Study Site 

Instream Flow Reach 
Boundaries 

Laramie River 

Jelm 

Not drawn to scale 

Figure 1. Location of the 1981 study site and che Instream Flow reach 
on the Laramie River near Woods Landing, wyoming. 
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collected at three different flOW' levels (Table 1). 'l1le maintenance flow is 
identified as the d.ischarge at which ~..;o of the t..~ee criteria in Table 2 are met for 
all riffles in the study area. 

Table 2. Hydraulic criteria used to obtain an inst..~ flC'J recct:nendation usirx; the 
Habitat Retention methc:x:i. 

categOry 

Average Ceptll ( ft) 
Average Velocity (ft/sec) 2 
Wetted Perimeter (percent) 

1 - At average daily flow 

C;-iteria 

'd 1 Top Wl th x 0.01 
1.00 

60 

2 - Compared. to wetted perimeter at bank full corditions 

'!be Habitat Quality Index (HQI) developed by t.'1e ~vyoming Game and Fish 
Department (Binns and E.isernan 1979) was used to estimate po-cential changes in trout 
stan::ting creps over a range of average lat:e summer flow conditions. '!his tTCdel 
incorporates seven at-..=i.butes tha-c address c.~emical, 9hysical and biolcqical 
components of t...-out habitat. Results are expressed in habit:.at units (HU). one HU is 
defined as t.'1e am::runt of haJ::)ita-c quality whic.'1 will support: 1 ~ of t:..~ut. 
Analyses obtained from t.~ ::named apply to the ti."ne of year t.'1at governs t.."'"alt 
pro:iu~ion. on the Iaramie River this time pericxi is bet·.tee..P1 July 1 and Sep-cember 
30. 

By measuring habita-c at-..:ibu'CeS at various flC'..; events as if associated habitat: 
features were typical of average late St.m":Iner flC'J conditions, HU estiIra-ces can be 
:rade for a range of t..'1eoretical StIl'i1rner flows. Habitat attr.:.cutes on \:.~e Laramie 
River r..;ere measured on t..'1e same dates and. flcrJ levels that: dat:a ' .. jere collected for 
t:.".e P?.ABSIM and P.abitat Retent:ion :o:iels (Table 1). 'I"o be~er define r..'1e 
relationship of disd"'.arge and t...--=tlt 9rcducticn, sc::e att::::!J:u-:as were ceri ved 
n'a:t.~emat:ically or obta.ir.ed f~l.'I.t exist:i.-,g gage data fo!:' flow-s in addition to those 
shewn in Table 1. Ct.'1er data T .... ere cb1:aineci f",,",,.~l a U.S. C~lcgical Survey gage 
located on ti'.e Laramie River :in:nediately upst_-ea..l!\ f_t... •• l t..'1e ?icneo-r canal for t.'1e 
period 1912 to 1987 (wit..'1 scme missil''lg years) for deter::tining :...'1e annual stream flo-.oJ 
variation ani c:.-itical pericd st::'eam flow at: the s'tUdy site. 

Instream flc;;:t..l reccrnmendations derived f ... ~m t:.."le Habita-c Retention method are 
applicable to all times of year except when higher inst..-e.ar.t flews are required to 
meet: other fisher{ management purposes. 

Rainba..r trout begin spawnin; in early April and t..'1ei.= eggs iI1C'~te 
t:.~ June. Results f_.....!.t t:.'1e ?-Z.AESI:1 analysis we-.~ used to identify the flows 
needed to maintain or L~rove physical habi tat for t:..'1e rainbc~oJ t--=ut: spawning from 
April 1 to June 30. 8rc7.m t..~ spawning begins in early O=::!:er and 
continues into late fall. Their aggs i.ncubat:e in t..~e gravel until late r-t.arch. 
Results f ... "..!lt t.."'e E¥.ABSIH analysis were also used to identify a flow E!'Orn Cct.cber 1 to 
r-'13J:."'Ch J 1 f...,tUch would rraintain or improve physical habitat for =~.m t.::-out spawning. 

Results frc:n the HQI merlel were used to identify t.he average flc'J needed to 
maintain or .i.rnprove exist:l.ng levels of trout prcdu~ion bet:.·:~.J1 July 1 and Scpte.rnbar-
30. 
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Results from the Habitat Retention m:x:iel shewed that the hydraulic criteria in 
Table 2 are met at flows of 50, 37, ani 35 cfs for riffles 1, 2, ani 3, respectively 
(Table 3). 'lb.e maintenance fla.v derived from this method is defined as the flow at 
which ~wo of the three hydraulic criteria are met for all riffles in the stt.1dy site 
which in this case is 50 cfs. 

Table 3. Simulated hydraulic criteria for three riffles on the !.arami.e River. 
Estimated average daily flow = 177 cfs. Bank full discharge = 1145 cfs. 

Riffle 1 

Average Average Wetted 
Cept:h Velocity Perimeter Oisc:haJ:ge 
(ftl {ftlsecl (ft) (efs ) 

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 1.31 77.9 97 
0.831 1.0 68.8 572 0.81 0.9 66.61 50 
0.70 0.6 55.5 25 
0.54 0.4 49.4 II 
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 
0.86

1 
1.4 71.2 88 

0.72 1.2 69.6 60 
0.60 1.11 67.3 422 
0.57 1.0 65.8

1 
37 

0.35 0.7 49.0 12 
0.23 O.S 24.2 3 
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Riffle 3 

2.61 5.2 85.6 1145 
2.29 3.7 82.6 689 
1.84 2.4 80.4 34J 
1.46 1.5 79.1 177 
1.27 1.2

1 
78.5 118 

1.13 1.0 78.0 89 
0.98

1 
0.8 77.5 592 0.78 0.6 76.0 35 

0.55 0.3 69.5
1 13 

0.19 0.1 51.4 2 

1 - Minimum hydraulic cri taria met 
2 - Oischa.tge at which 2 of 3 hydraulic criteria are met 

Results of the PHABSnt analysis indicate that physical habitat is maximized at 
125 cfs (Figure 2). Un::ier existing flow conditions during the mnth of April 
(average daily flow of 130 cfs) , physical habitat for rainbow trout ~wning l!:: near 
the maximum amount available. 1his amount of physical habict: is also 
pl:CVided. by S-~ flows of 100 cfs: however, increasingly rapid reductions in 
ex:Ls-~ physical habitat. for spawning occur at: flC",..;s lOW'er t..~ 100 cfs. Thouqh 
mre gradual, silnilar reductions in physical habitat: also OCC..lr at: flows exceeding 
130 cis. 

Gage data indicate that existing streamflows in t.'1e Laramie River often exceed 
500 cfs during t..'1e mon1:..~ of :'!ay and June. Since t:."le E¥.ABS:t:1 analysis '.vas l.L"'lited ":0 
simulations of flaws up to 400 cfs, ~hysiC3l habitat: at: flews .in excess of 500 could 
not be precisely de'te-"'1n.ined. However, it appears i:.."lat flews higher t:..~ 400 cfs will 
provide less physical habitat t."lan is available at 100 c:s. 'TI':e..refot"e, an i.:tst:ream 
flow of 100 cfs will iIr.prove physical r.abiot: :cr :ainbC'..J ':..~ut: spat'4ni.r;c; durL'ig t:..~e 
m:::rn:.~ of May and June. This is consistent: ',.;i':..'1 t...~e cbj~ives esra.blished in the 
Inst:ream Flow Legislaticn. 

Base:i on t..'1is aralysis, an ins~-o-ar.t fIe'..J of 100 cfs is t:.~e !':t.Ll1i..."'::tlrn disc!1arge 
w1ti.ch r,.;ill naim:ain or improve t.~e e."is~i."ig amount of physical habitat: for ral.nba..; 
trout spawning during the spri.n;. Therefore, an instream flC"..J of 100 cfs is 
reccmmerxied. for t.~e pericd April 1 to June J a . 
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Figure 2. 

100 

S0 

sa 
4-0 

20 / 
o .,)0 

10 sa 100 lsa 20a 2$0' J0a Jsa 
25 7$ 125 17$ 225 27$ J25 J7S 
OISCHARGE (c..f='s) 

Percent of maximum usable aJ:ea (MlJA) for spawnin; life stage of rainbow 
trout. 

Gage data indicate that exist.irq mean daily flows during the fall an:i winter 
(october 1 - March 31) are approximately 50 cfs. At this discharge, PHAaSm analyses 
iniicate that physical habitat for brown trout spawnin; is approximately 63% of the 
maximum anomt available, which occurs at a d.ischaJ:ge of 150 cfs (Figure 3). Iarge 
reductions :in existi.ng physical habitat for brown trout spawnirx; occur at d.ischarges 
belaw'l 50 cfs. !be fishery maintenance flow identified by the Habitat Retention 
Method (50 cfs) will maintain the existirx; aItD..1Ilt: of physical habitat for brown trout 
spawning during the fall and winter, as well as meet minimum hydraulic criteria for 
fish passage ani sw:vi val. 

Figure J. 

10aj c~-Q~"';;-Q-g 
sa l::t'" ~ 

~ ~ 
so .aJ ~~ 
40e -1 0/ -0 ~ 
20 ~ / 
o ~ 

10 sa H10 1sa 2130 25a' J00 J5tl 
25 75 12S 175 225 275 325 J7S 
DISCHRRCE (c';s) 

Percent of rnaxi.~ usable area (MUA) for spawning life stage of brown 
trout. 

Results frcm t."le HQI analyses (Figure 4) indicate tl"lat urder existing 
average late surmner corx:l.itions (approximately 75 cfs), t.~e st::re.am presently supports 
approxi.'Tat:el.y 36 HOs. T.'le C".Jn:ent fishery management objec-..ive is to maintain or 
improve t..1.e existi.ng number of HOs. A discha.:t'ge of 50 cfs is tl".e minimum flow that: 
will acccmplish this obj~...ive. At average late surmner flC7vJS below 50 cis, the m:x!el 
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irxticates that reductions in the present fishery would occur. These reductions would 
largely be the result of lower critical period flow and lower water velocities. 
Increases in stream flew above 75 cfs would increase trout HUs over present 
con::litions. 

-c= --c:::::r::::a 
c= 

Figure 4. 

28 

10 100 17S 
20 L+5 G0 90 125 22S 

DISCHARGE Cc:+'s) 
Number of p::rt:ential trout habitat units at several average late stm1mer 
flOW' levels in the laramie River instream flew segment. 

Based on the results from the HQI analysis, the fishery rraintenance flOW' of 50 
cfs will maintain existing levels of trout p~ion bet:..Ieen July 1 and Sepl:ember 
30. In addition, this disc.~ will rraintain minimum hydraulic criteria that: allC'", 
fish passage bett-leen different: habitat: types an:i provide adequa1:e subs-'-o.'Qce for 
prcduction of aquatic insec-~. 

CONc::IlJSIONS 

Based on the analyses and results contained in t.'1is repo~, the instteam flow 
recommendations (Table 4) apply to a ).9 mile segment: of t.'1e Lara.'Ylie River 
ext:endi.rq from the eas1: boundar/ of t..'1e S 1/2 NE 1/4 SE 1/4 of Sect:.icn 10, TIJN, R77H 
t..tpSt:::'eam to the south boundar{ of ~v 1/2 .NW 1/4 of Sect:icn 26, T1JN, RTiH. 

Table 4. Sumrtar{ of i.ns-~ :lc.tJ rec::wrnendations to 2int:ai." t.~e e.xist:ing ':..-otJt 
fisherl in t.'1e laramie River. 

Time 
Period 

April 1 to June 30 
July 1 to September )0 
~...cber 1 to ~.arch J 1 

I:ns-~eam FlC".v 
Reccmmendation (cfs) 

1 - Feasibility det:e.cUned by availability at: t.!1e 50% e.xceedence 
level duri.-"g the specified time period 

2 - To maint:ain exist:inq natural stream flews 
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Apr 100 

Hav 100 
June 100 
JulY SO 
t\U'l. SO 
Sept. SO 
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NW% SW% SlY. 

X X 

:c X X 

NWK 

NIY. NWY. SW% SlY. 

X X 
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SWK SEK 
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X 

X X X 

X X 

Number 01 acns to recci_ ori"naJ lupply 
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TOTALS 

Based on the results of a study conducted in 1981 
by the Wyornin~ Game and Fish Oepartment (attached). 
a flow ri~ht of SO cfs is requested from 
October 1 to Harch 31 to maintain or improve 
existing levels of trout survival and to maintain 
or improve existing levels of brown trout spawning. 
A flow of 100 cfs is requested from /\pri1 1 to 
June )0 to maintain or improve existing levels of 
rainbow trout spawnins_ A flow of SO cis is 
requested from Julv 1 to September 30 to maintain 
or improve existing levels of adult trout oroduction. 
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The len th of stream senment is 1. (')4 :.Ii l-e~. 
O. located upstream f rom the Pioneer c~n~l in tht" SEt :~l~~ S 36. 

77W •• may be appropriate for an instream flov control gQ"g It another 
ga~ is needed. it will be installed neaT the east boundarv pf the S i ~i~J.. SEJ.. 
S 10. T. UN. R. 77W. ,--' d L._I0...l. 0 
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