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mrROOOCTION

I::E.ta were llected during the 1981 fieldl season to conduct instream flow
analyses for a SeJrnent of the Encampment RiVE'X located approxi11'lately 2 miles upstream
from the Ta..m f Enc~t, Wyoming. The study was designed to provide results
which could be used to detennine instream flow needs for trou1: as well as to evaluate
potential flaol related i1I!Pacts of stream fla.;r mcxlifications to the stream fishery.

METHOr:s

study Area

'!he En~ Ri ver is considered a Class 2 stream by the Wyoming Game and Fish
~partment (~ ). stream classifications throughout Wyoming range from Class l
(highest rat' ) to Class 5 (lC7otlest rating). Class 2 streams are generally '

Iconsidered' t trout fisheries on a statewide basis. Less than 6% of all
streams in the te are Class 2 or better streams.

'!he En River contains naturally reprcxiucing populations of rainbow, brown
and brook '!he stream is currently managed as a wild fishery for rainbow
trout; therefo no fish are stocked here by the ~FD. '!he study segment of the
Encampment Riv passes almost exclusively through public lanCls making it generally
accessible to e public. Because this section of the Encampment River supports an
important fishery and has public access, this segment WCLS identified as a
critical ream. I

Data Collection

All of the ield data used in this study were collected from a 339 foot lo:ng
study site 1 on Bureau of Land Manageltlent property in the southwest quarter of
813, T14N, R84. '!his site is located approximately 2 miles upstream from the town
of Encampment ( igure 1). '!his site contained a combination of pool and riffle
habitat for that was representative of trout habitat features found throughout
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this portion~ the stream. Results and recoIrmleI'ldations were applied to a poction of
the stream .from the north boundary of the NW 1/4, NW 1/4 of 813, Tl4N, R84W
upstream to th m:>uth of HCXJ Park Creek in the NE 1/4, NW 1/4, 810, T12N, R84W.

In acco with the 1986 Instream Flaw legislation, the goal of this S"tudy was
to deten11ine' earn flaws necessary to maintain or iJrIProve the existing tro1~t
fishery in the above segment of Encampment River. '!he specif'ic objectives of this
study were to tennine instream flaws necessary to 1) mainta.in or iJrIProve ph:isical
habitat for ra trout spawning during the spring, 2) maintain or iJrIProve
hydraulic cteristics in the winter that are important for survival of trout,
fish passage aquatic insect prcxluction, arrl 3) maintain air iJrIProve adult ~trout
prcxluction dur the late surmner months. 'Ihree habitat mode:ls were used to nake
these de .tions.

Mooels

A physical habitat si1llUlation nmel (mABSIM) developed by the Instream F:low
service Group f the U. s. Fish and Wildlife Service (Bovee and Milhous 1978) ~¥aS used
to quantify' tal changes in the amount of physical habitat available for
rainbow trout .wning and incubation at various discharge rates. 'nle amount of
physical habi t available at a given discharge is expressed in ter1t1S of weighted
usable area ( ) and reflects the composite suitability of depth, velocity aJ1d
substrate at a given flow. IR.pth, velocity and substrate data were collected at six
transects as i.bed in Bovee and Milhous (1978). ~tes and discharge ra~; when
data were colI are given in Table 1. 'nle WUA for rainbow trout was sinnl.:Lated
for flows rarXJ from 10 to 500 cubic feet per second (cfs) using calibration and
nmeling t ques outlined in Milhous et ale (1984)

Table 1. I:E.teo1 and discharges when instream flow data were collected

Date Oischarcre (cis)

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

115
210

44

A Habitat tention method (Nehring 1979; Annear and Conder 1984) was usec:l to
identify a ma' tenance flow. A maintenance flow is defined as a continuous flow that
is needed to intain mini1m.Im hydraulic criteria at riffle areas in a stream segment.
These criteria are important at all times of year to maintain passage between
different habi: t types for all life stages of trout. These criteria are also
important for intaining survival rates of fish and aquatic macroinvertebrates
during the win that approximate rates observed under natural stream flow
conditions. ta from single transects placed across four riffles within the study
area were anal ed with the IFG-1 computer p-rC:xJraIn (Milhous 1978). Flow data ~"ere
collected at different flow levels (Table 1). The maintenance flow is
identified as e discharge at which two of the three criteria in Table 2 are met for
all riffles in the study area.
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Table 2. ~ulic criteria use:i to obtain an instream flow recoImnendation using the
Habitat Retention metha:i.

I Cateqorv- -Criteria

Av~ge ~ptl1 (ft) Top width1 x 0.01
Average Velocity (ft per ~) 1.00
Wetted Perilneter (percent) 60

1 -At average daily flC1.ol
2 -Ccmlpared to wetted perimeter at bank full conditions

The Habitat Quality Index (HQI) developed by the Wyoming Game and Fish ~I)arbnent
(Binns and Eisennan 1979) was used to estimate potential changes in trout staIning
crops over a rame of late Stmnner flC1ll conditions. This mcx:lel incorporates seven
attributes that address chemical, physical and biolCXJical components of trout
habitat. Results are expressed in habitat units (HU). One HU is defined as tl1e
amount of habitat quality which will support 1 pound of trout. Analyses obtaj.ned
from this Irethcxi apply to the tiIre of year that governs trout prOOuction. On the
EI1campInent River this tiIre pericxi is between July 1 and September 30.

By measuring habitat attributes at various flail events as if ass~iated hclbitat
features were typical of late sunm'ler flail conditions, HU esti1I1ates can be n'a.de for a
range of theoretical sunm'ler flows. Habitat attributes on the Encampment RiVe!: were
measured on the same dates am flail levels that data were collectOO for the H-:lABSrn
am Habitat Retention mcxiels (Table 1). To better define the potential i1t1pact: of
other late SUIrmler flail levels on trout production, some attributef; were derived
n'a.thematically or obtained from existing gage data. Gage data were obtained f'rom a
U. s. Geological SUrvey gage located on the Encampment River upstrE".am from the mouth
of Hog Park creek for the period 1965 to 1986. A regression equation was developed
to relate the discharges at the USGS gage with discharges measured at the study site.
'Ibis equation was used to detennine the annual stream flail variation am critical
period stream flail, two variables of the HQI, at the study site.

Results from the mAPSni analysis were use:i to identify the flows needed to
naintain or improve physical habitat for the rain1Jor..l trout spawning and incubation
period. '!his period extends from April 1 to June 30.

Results from the Habitat Retention mcx:iel were used to identify a flow from
october 1 to March 31 which would mintain trout survival and passage and aquatic
insect survival.

Results fran the HQI mcx:lel were use:} to identify the flow needed to nE.intain
existing levels of trout prcx:luction between July 1 and Septerriber 30.

RESULTS

Results from the Habitat Retention m<xiel showoo that the hydraulic criteri.a in
Table 2 are met at flows of 54.1, 48.8, 22.6 and 25.0 cfs for riffles 1, 2, 3 and 4,
respectively (Table 3). 'Ihe 1!E.intenance flow derivoo from this method is definoo as
the flow at whim two of the three hydraulic criteria are met for all riffles in the
study site whim in this case is 54.1 cfs. Maintenance of this flow at all times of
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year except ~ higher flows are needed for other fishery purposes will maintain
this stream fi~.

si.mu\1ated hydraulic criteria for four riffles on the Encampment River.
Averfige daily flaY = 246 cfs. Bank full disci1arge = 1592 cis.

Table 3.

Riffle 1

ge Average Wetterl
Velocity Perimeter Discilarge

ft cis

110.0
92.6
91.8
91.2
90.0
87.1
89.1

78.1165.8
41.8

1591.6
246.0
198.8
162.5
112.6
93.1
82.9

66.4254.1
22.1

25
28
20
00
85
761
71
64
63
53

6.2
2.5
2.3
2.1
1.8
1.7
1.6
1.5

1.411.0

Riffle 2

1591.6
401.6
246.0
204.4
113.8
91.7

70.2248.8
21.7
0.0

.90

.40
.10
.00

0.701
0.64
0.60
0.46
0.30
0.03

6.

4.3.3.

2.2.2.

2.
1.
1.

85.1
68.7
66.0
64.9
59.8
58.0

56.71
51.1

39.8
0.0

Riffle 3

82.3
73.7
71.1
69.9
64.8
62.2
60.7
58.6
55.3149.4

1591.6
363.9
246.0
200.2
108.3
66.1
43.5

30.7222.6
11.0

2
1
1
1
1

5.

2.
2.
1.
1.
1.
O.
O.
o.
o.

5

9
4
5
3
6

.4

.2

0

71
0

60
90
70
60
30
00
90

80171
56

5
6
1
9,31,0,8

,6
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Riffle 4

~.10
:J..30
~.10
:t..00
0.90

<;».7010.68
0.60
0.45
0.40

9.
4.
3.
2.
2.
1.
1.
1.
O.
1.

88.7
72.1
69.4
67.8
67.3
66.3
66.1

64.4153.2
58.6

1591.6
375.0
246.0
157.1
124.5
85.0
74.4
48.9225.0
23.4

~ -Mini1m.JIn hydraulic criteria met
~ -Discharge at which 2 of 3 hydraulic criteria are met

Results of the RiABSIM analysis indicate that under existing flOil conditions
during the m:Jnth of April (average daily flOil of approximately 52 cfs) , physic:al
habitat for rainOO.Y trout spawning is approximately 10% of the maxi.InLm1 amount
available, whim occurs at a discharge of 400 cfs (Figure 2). F\lrtl1er reductions in
physical habitat for spawning occur at flows 10iler than 52 cfs. Flows greater than
100 cfs result! in substantial increases in physical habitat for spawning.

Physical habitat for rainbow trout incubation is maximized at a discharge of 250
cis. 'Ihis analysis irrlicates tl1at at flC1NS between 30 and 200 cis, physical llabitat
for incubation is only slightly reduced; hawever, at flC1NS less than 30 cis and
greater than 300 cis, physical habitat is greatly reduced. since gage recordc;
irrlicate tl1at existing flC1NS during May and June often exceed 500 cfs, any fairly
stable flaw between 30 and 450 cis will maintain or i1llProve the existing physical
habitat for rainbow trout incubation. Hawever, flC1NS less than 52 cfs will rErluce
the existing am:>Unt of physical habitat for trout tl1at may still be spawning during
May and June.

Although mABSn..1 results indicate that an instream flow of 52 cfs will naj.ntain
or improve physical habitat for rainOON trout spawning and incubation between April 1
and June 30, tl)is flC7tl is belC7tl the fishery naintenance flC7tl (54 cfs). To meet the
dual objective jof naintaining or improving existing physical habitat for rainbc1..l
trout spawnirq larD incubation, and naintenance flC7tl criteria, a flC7tl of 54 cf~j is
reconm1ended fot the period April 1 to June 30.
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Figure 2. PeJ:.qent of nIaXi1m.m1 usable area (MlrA) for spawning and incubation life
sta~es of rainbow trout.

Results f the HQI analyses (Figure 3) indicate that under existing late Stll11mer
conditions, th stream presently supports approximately 46 HUs. According to the
model, 46 HUs d be realized at a late Stll11mer flCM of 60 cis. 'n1e current fishery
nenagement obj ive is to maintain or improve the existing mnnber of HUs, am a
discharge of 5 cis is the minimum flCM that will accomplish 1:his objective. At late
Stll11mer flC1.oJS CM 53 cfs, the model indicates that reductioru; in the present fishery
would occur. ese reductions would largely be the result of lower critical period
flow and in annual stream flow variation. Increases ll1 stream flCM frcm 60
cis to 210 cis d increase trout HUs over present COnditiOI1S. 'n1e model indicates
that flC1.oJS e 210 cis would result in large reductions in 1:rout HUs, as would
reductions in' e below 53 cis (Figure 3) .
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Figure 3. Number of potential trout habitat units at several late Stm1Iner floov levels
in tl1e EncaIllpment River.
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Based on the results from the HQI analysis, the fishery maintenance flow of 54
cfs will maintain existing levels of trout prcxiuction between July 1 and Septe.mber
30. In addition, this discharge will maintain mini1num hydraulic criteria that allow
fish passage between different habitat types.

mNCWSIONS

Based on the analyses an:i results contained in this report, the instream fla..r
reconmlendations in Table 4 apply to approxi.Inately 14 miles of the Encampment River
extending fran the north bounda:ly of the NW 1/4 NW 1/4 of 813, T14N, R84W to the
nX:>Uth of Hog Park Creek in the NE 1/4, NWl/4, 810, T12N, R84W.

Table 4. SlmImaJ:Y of instream flaN recommerrlations to maintain the existing trout
fishery in the Encampment River.

Til1le Instream FICY.-l
Period Reconmlerldation (' cis)

April! 1 to June 30 541
July iI. to September 30 54
~ 1 to March 31 54

1 -F~ibility determined by availability at the 50% exceedence
level during the specified time pericx:l
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APPENDIX A

~tation of Mooel Calibration and Selection

The original IFG-4 data deck containing the 3 measured discharges (Table 1\,-1) was
mcx:iifia:! into data decks for calibrating with the one-flOW' IFG-4, and WSP hyd1:-aulic
mcx:iels. An additional three-flOW' IFG-4 data deck with 7 discharges was also (~reated.
The latter three data decks are shown in Tables A-2 -A-4.

'lliere were no differences in 11le predicted water surface elevations producm by
the three- and one-fla;-.r IFG-4 metllOOs (Table A-5), since these mcxiels both USE~ the
same stage-discharge relationship. 'llie water surface elevations predicted by the WSP
mcxiel were very similar to those predicted by the IFG-4 mcxiel, except for trarlSect 5.
I had a little trouble calibrating the WSP mcxiel for this transect, probably t>ecause
transect 5 was a hydraulic control.

Examination of tile velocity adjus'bllent factors (Table A-G) and velocity
prediction errors (Table A-7) indicated that tile predictions of cell velocities by
tile three-flC1tl metilcxi were gocxi, even tiloUgh tile velocity prediction errors p:r"oduced
by this metilcxi were in tile "marginal" categoJ:y. All but one of tile velocity
adjusbnent factors from this r1.U1 were in tile "gocxi" categoJ:y. 'D:1e VAF plot fclr tile
one-flC1tl IFG-4 mcxiel indicates that this mcxiel also adequately predicts cell
velocities, and that tile mcxiel starts to break down at discharges greater than. about
500 cfs, as indicated by tile spread of points on tile plot (Figure A-I). Figure A-2
shows that tile WSP mcxiel also does: a gocxi job of simulating velocities over the same
range of flows.

I selected the three-flow IFG-4 methcxi for the production run, since it did a
gocxi job of predicting water surface elevations am velocities, am since I had some
trouble calibrating the WSP mcxiel. '!he prcxiuction data deck is shown in Table A-8.
since the VAF plot for the one-flow methcxi indicated that this stage-discharge
relationship broke down at around 500 cfs, I only simulated fl~ up to 500 cfs in
the prcxiuction run.

I ran the habitat si11U1lation for brown, rainbow and cutthroat trout. For ,each
species, I used the curves for the adult, juvenile, spawning, incubation, and fry
life stages. For the final analysis, the incubation curve with slope = 0.004 1NaS
used, since this was the slope I calculated for the study reach. Nehring's fr:1I
curves for brown and rainbow trout were used in this analysis .
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