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INI'ROCUCTION 

Instream flow studies on the Snake River were initiated by the Wyoming Game and 
Fish Deparbnent (W3FTI) in the fall of 1987. 'Ihese studies were designe'.i to address 
the impacts of various reservoir release rates on physical habitat for trout during 
the winter (Annear 1987). 'Ihese preliminary instream flow studies were further 
limite'.i in scope to address impacts only in the 4.3 mile long segment of the river 
between Jackson Lake Dam (JID) and Pacific Creek. Impacts to this segment were 
regarde'.i as potentially rrore severe than dCMnstream segments since no other 
trih.ttaries enter this segment of the river which might help sustain the fishery 
durin:J periods of extreiooly low reservoir releases. Subsequent consideration and 
� fran interested groups suggested that fishery impacts in more downstream 
segments of the river are also i.mportant. To address these concerns, additional 
studies were designed and impleioonted in 1988 to evaluate stream flow/fish habitat 
dynamics in other segments of the river. 

Studies were designed to 1) evaluate increrrental changes in physical habitat with 
change in stream flow for adult Snake River cutthroat trout, 2) detennine the stream 
flow that will maintain hydraulic criteria which are important for trout passage and 
aquatic insect survival in the main channel of the river, and 3) identify the stream 
flow that will maintain hydraulic criteria in side channels of the Snake River. '!he 
results and recomrerrlations of all studies were applie'.i to the time period between 
October 1 and March 31 only. 

MEIHOCS 

Study Area 

'!he morphological characteristics and trout habitat in the river below the dam 
change markedly at Pacific Creek. '!he river between the dam and Pacific Creek 
consists of a relatively narrow, well-define1 channel with a series of long deep 
runs. Below this tributary, trout habitat includes numerous side channels and gravel 
bars in addition to main channel habitat. Bank habitat asmnnes greater inportance 
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for adult trout am side channels are inp::,rtant nursery areas for fry am juvenile 
trout in the lower segment of the river. 'As a consequence, results from those two 
study areas provide information on different habitat conponents in the river. 

Studies in 1988 were designed to evaluate instream flow relationships in the 
segment of the river between Pacific Creek am Moose. 'Ibis is a distance of about 
21.4 stream miles. Data were collected at four different study sites within this 
river segment (Figure 1). '!be legal description of each site is contained in 
Table L Dates when data were collected am corresporrli.n;J discharges are listed in 
Table 2. Because of the proxilllity of SNRl, 2 am 3 to each other am the absence of 
trirutaries between them, stream flows were assumed to be equivalent at all three 
sites. 

Table 1. Location of study sites used for instream flow studies in 1987 am 1988 on 
the Snake River. 

Study Site Legal Description 

SNPC (1987) R114W, T45N, S22, SEl/4 
SNRl (1988) Rll4W, T44N, S 6, SEl/4 
SNR2 (1988) Rll4W, T44N, S 7 
SNR3 (1988) Rll4W, T44N, Sl8, NWlt'.'.'.4 

Table 2. Dates when instream flCM data were collected at three study sites in 1988, 
the neasured discharge (cfs), the corresponding recorded discharge of water 
released from Jackson L:lke Dam on those dates am the percent of water at 
the study site originating from the dam. 

Date Measured Discharge Released Discharge Percent 

June 21 4450 1980 45 
sept.ember 7 1640 1436 88 
October 3 400 201 50 

rata were collected at the SNPC site concurrently with other instream flCM 
studies in 1987. Results of these analyses were not included in the previous report 
as that study addressed only the river segment upstream from Pacific Creek. 'lbese 
two river se:JI1W:!11ts provide distinctly different habitats for trout. '!be study site 
at SNPC consisted of one transect placed across a riffle. Information collected from 
this site was inten::led to provide an analysis of the potential impact of different 
stream flows on fish passage am aquatic insect survival. 

'!be SNRl study site was chosen to describe physical habitat corrlitions that are 
representative of IXlYsical habitat fourxi throughout the Pacific Creek to Moose

segment of the river. 'Ibis study site contained deep pool, deep run am riffle 
habitat. 

'!be SNR2 study site consisted of a single well-defined riffle. 'Ibis site was 
chosen to assess the potential impact of different stream flows on fish passage and
aquatic insect survival. 

'!be SNR3 study site was located at the head of a lorg side channel. A 
well-defined riffle was located in the main channel of the river as well as at the 
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head of the side channel. Transects were placed across both the main channel ard 
side channel at the point on each riffle where the water surface elevations were the 
same. 'lll.is site was chosen to identify the stream flow that would maintain certain 
hydraulic criteria in this side channel. 'Iha..igh not directly linked to other side 
channels, it was assurood that stream flow characteristics at this study site were 
representative of other side channels within the defined segment of the river. 

Methodologies 

A :Fhysical habitat sinw.ation (HiABSIM) rrodel developed by the U.S. Fish am
Wildlife savice (Bovee an:i Milhous 1978) was used to increloontally si.nulate 
hydraulic characteristics within the SNR1 study site over a range of stream flows. 
D:l.ta used for this nodel were collected from five transects placed across all habitat 
types within a 1,130 foot section of the river. Velocities am depths were rooasured 
at 5 to 10 foot intervals across each transect when the discharge was 1,640 cfs. 
Water surface elevations for all five transects -were measured at each of the flow 
events shc,.,m in Table 2. 'Ihese data pennitted simulation of physical habitat at a 
ran:Je of flows between 160 an:i 9,000 cfs. 

'!he FHABSIM ITOdel provides infonnation only on the suitability of the study site 
for the target species an:i life stage in tem.s of depth, velocity an:i substrate. 
'lhese habitat a::,rrponents are nonnally the primary ones affecting fish distrilirtion 
durin3' the :non-irrigation season. Although the rrodel provides an acx::urate assessment 
of habitat pUitability in the main channel of the river, it may provide an incatplete 
analysis especially for rivers like the Snake. For example, in large rivers the 
m::rlel tenJs to overlook the iITiportance of sone microhabitat components such as bank 
cover. In the Snake, bank cover carrprises a relatively small percent of the total 
area of the dlannel yet provides iITiportant escape an:i resting cover for trout. 'Ihe 
ITOdel also was not applied to any side channels in the river. Potential fishery 
inpacts to these areas are addressed by other n-ethods in this study. 

Several different calibration techniques were used to obtain the best hydraulic 
sirculation for this nooel (Milhous 1984). SUitability irrlices developed specifically 
for adult Snake River cutthroat trout winter habitat preferences were used to 
calculate weighted usable area (J;hysical habitat) over the specified range of flows 
(Johnson et al. 1987). 

A Habitat Retention n-ethod (Nehring 1979, Annear am comer 1984) was used to 
identify maintenance flows at all riffle transects at the three study sites. A 
maintenance flow is defined as a continuous flow that is needed to maintain mini.mum 
hydraulic criteria at riffle areas in a stream segment. 'Ihese criteria are iITiportant 
for provi� passage for all life stages of trout between different habitat types 
arrl maintaining adequate survival of aquatic insects. 'Ihe maintenance flow is 
identified as the discharge at which two of the three criteria in Table 3 are n-et. 
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Table 3. Hydraulic criteria used to obtain an instream flow rec:xmoorxiation for the 
Habitat Retention method. 

category Criteria 

Average Depth ( ft) 1 Top width X 0.01

Average Velocity ( ft per )� 1.00 
Wetted Perimeter (percent) 70 

1 - At average daily flow 
2 - Ccrrpared to wetted perimeter at bank full corrlitions 

Hydrologic Analysis 

Several major tributaries enter the Snake River between Jackson Lake Dam and 
SNRl. As a consequence, the instream flow reccmnen:iations which result from the 1988 
studies nust take these contributions into aa::ount. To address these inplts, a 
hydrologic analysis was con:iucted to determine the arrount and percent of water at 
SNR1 that originates from the darn. 

Data from stream flow gagi.rq stations located on Pacific Creek am Buffalo Fork 
were used to provide a portion of this infonnation. However, substantial arrounts of 
water are also derived from Buffalo Fork below the gaging station, lava Creek and 
Spread�. 'Ib estimate the arrount of water originati.rq in these drainages, a 
hydrogra{il sinulation technique was used (Torn Wesche, Wyoming Water Research Center, 
Personal Ccmm.lnication). 

'Ibis technique involved determining the dischai:ge/area ratio for gaged streams in 
the � Snake River drainage. 'Ihis ratio was then averaged for all drainages by 
m:mth. 'Ihe area in 1.ll"gciged drainages was then detennined and multiplied by the 
average discharge/area ratio for each rrcnth. Additional studies may be needed to 
provide a nore refined analysis. 

RE.5ULTS 

Results of the hydrologic analysis revealed that reservoir releases cc:irrprise 
between 47 am 89% of the water at the 1988 study sites deperrling on season (Table 
4). 'Ihe highest ratio of water originating from the darn was during late summer when 
flows in triJ:utaries decreased and irrigation releases from the darn were high. 
Between October 1 am March 31, releases from the darn ccrrprise approximately 70% of 
the water at the study sites. 

Conparison of measured flows at the study sites with releases from the darn were 
consistent with percentages shown in Table 4. For exanple, the average historic 
percent of water at the study sites in June, September and October that originate 
from JID are 47, 89 am 64% respectively. Reservoir releases (Table 2) were 45, 88 
and 50% of the water measured at the sites in 1988. Additional studies may provide 
better estimates of yield from the various sources shown in Table 4. 
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Table 4. Average monthly stream flows an:i estimates based on hydrogralil s:iJrul.ation 
(cfs) for all drainages that contribrt:e flow to the 1988 stu::iy sites on the 
Snake River. Percents of the total flow at these stu::iy sites for eadi 
drainage are shown in parentheses. 

JA� PACIFIC WFFAID FK BJFFAID FK IAVA SmFAD 
IAKE* rnEEK* AOOVE GAGE* BELCM GAGE** rnEEK** rnEEK** 'IOI'AL 

ARFA 

(SO Mi) 807 169 323 21 30 102 

ocr 748(64) 75(7) 249 (21) 13 (1) 18(2) 62(5) 1165 

NOV 712 (67) 70(7) 189(18) 12 (1) 18(2) 60(6) 1061 

DEC 670(71) 59(6) 151(6) 9 (1) 12 (1) 41(4) 942 

JAN 631(74) 50(6) 126(15) 7(1) 10(1) 35(4) 859 

FEB 524(69) 50(7) 132 (17) 7 (1) 11(1) 36(5) 759 

MAR 798(75) 59 (6) 141(13) 8 (1) 12(1) 40(4) 1058 

AFR 423 (71} 192(20} 258(13) 20(1) 29(1) 97(5) 2019 

MAY 699(52} 851(17} 1003(19) 85(2) 122(2) 413 (8} 5173 

JUN 867(47} 1236(15} 2156(26) 134(2) 193(2) 650(8} 8236 

JUL 3462 (66) 283(5} 1134(22) 54 (1) 78(2} 263 (5) 5274 

AUG 2247(78) 97(3} 390(14) 19(1} 27(1} 90(3} 2869 

SEP 3429(89) 66(2) 252(7) 12 (1) 18(1) 59(2) 3836 
AVG 1459 270 564 31 46 154 2462 
* - Historic average flow from gage data

** - Estinated from hy� simulation 

Results from the Habitat Retention method enployed at SNPC revealed that a stream 
flow of 1, 301 cfs is the minimum flow that will maintain the identified hydraulic 
criteria at this site. '1his value is significantly greater than the maintenance flow 
recanmerrlation derived usirq this method at the 1987 study site near the dam. '!he 
marked increase reflects the drastic c.hange in river channel n-o:q:nology that occurs 
in the Snake River at Pacific creek. 

Results frail the Habitat Retention rrethod at SNRl an:i SNR2 also reflected the 
need for significantly n-ore water to maintain the specified hydraulic criteria. '!he 
maintenance flow recanriemations for these sites were 1,718 an:i 844 cfs respectively. 

'!he Habitat Retention method was also used to determine the stream flow necessary 
for rnainta� hydraulic criteria in side channel riffles between Pacific Creek arrl 
Moose. '!he recanriemation was detennined by identify� a maintenance flow for the 
side channel at SNR3 an:i subsequently identifyirq the flow in the main channel that 
produced this side channel flow. 
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Results fran this method shCMed that the naintenance flc,.,..r recx:mnerrlation for the 
side channel at this study site is 202 cfs. 'Ihe same water surface elevation in the 
main channel results in a flc,.,..r of 1,635 cfs. 'Ihe resultant total flow in the river 
is 1,837 cfs. 

Results fran the FHABSIM analysis at SNR1 imicated that usable area for adult 
snake River cutthroat trout is maximized at 400 cfs (Figure 2). 'Ihe percent of 
:maxinum usable area (MUA) decreases rapidly at flows less than 400 cfs. Percent MUA 
also decreases rapidly at flows above this flow level up to aboot 1,000 cfs. 'Ihe 
m::rlel irxticates relatively little cllan;Je in suitability at stream flows between 1,000 
am. 9,000 cfs. 'Ihe hydrologic analysis imicates that a release of approximately 280 
cfs 'WO.ll.d be required fran the dam to realize a 400 cfs flow at the study site. 
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Figure 2. Charges in percent of maximum usable area for Snake River cutthroat trout 
with d'lan1e in stream flow at SNRl durin1 the winter. 

As rx,ted earlier, the FHABSIM IOOdel provides infonnation on only one component of 
habitat used by trait in the river. Specifically, it does not reflect the importance 
of bank cover for trait. Most of the escape am. hidin1 cover in the river is found 
in overharqin;J vegetation, sloughin:J banks am. snags associated with the banks. 'Ihe 
main channel of the river away fran the banks contains very little structure that is 
capable of providin;J this type of habitat. Although depths am. velocities at lower 
flows :i.nprove for adult trart, other important habitat components are degraded which 
limit the overall suitability of the river for adult trout. Figure 3 illustrates how 
bank cover is carpletely covered am. usable by trout at a flow of 4,500 cfs. Figures 
4 am. 5 show that bank cover is totally exposed at 400 cfs. At this flow level, 
trart are forced to reside exclusively in the main channel of the river where little 
cover is fourrl. Table 5 summarizes the results fran each study site am. method. 

7 









Table 5. Instream flow recammerrlations (cfs) fran each method and study site on the 
Snake River in 1988. 

SITE MEIHOD RECXl-1MEND.2\TION EX:XJIVAlEITT' JID REIEJ\SE 

SNPC Habitat Retention 1301 911 

SNR1 FHABSIM 400 280 

SNR1 Habitat Retention 1718 1203 

SNR2 Habitat Retention 844 591 

SNR3 Habitat Retention 1837* 1286 
* - Based on 202 cfs maintenance flow rec::omrooooation for side channel

DISClJSSION 

Although.resolution of instream flow conditions in the Snake River below Jackson 
Lake Ixlm is a high priority, this issue represents only a portion of a complex 
management problem. As illustrated by the two instream flow studies, different 
quantities of water may be needed to adequately manage the fishery in different 
segments of the river. In addition, releases from the dam may directly affect 
reproductive success of lake trout in Jackson Lake. If releases exceed inflows by 
too nuch for too long a period, same trout redds could be�, reducing 
recnrit:Ioont to the inportant lake trout fishery in the lake. Instream flow releases 
could also affect storage of water for downstream water users. 

Each of the methods used in this study provides infonnation that addresses 
slightly different components of instream flow needs in the river below Jackson lake 
IEm. Results from the Habitat Retention method in 1987 showed that a flow of 280 cfs 
is needed to ma.intain trout passage and aquatic insect survival in the segment of the 
river between the dam and Pacific creek. '!his same method indicates that a 
rraintenance flow of 1, 718 cfs is needed to maintain trout passage and aquatic insect 
survival in the section of the river between Pacific creek and Moose. 

In order to ma.intain side channel habitat in the river segment between Pacific 
creek and Moose, a stream flow of 1,837 cfs is needed. '!he H-IABSIM analysis 
indicates that a stream flow of 400 cfs maximizes physical habitat for adult trout. 
several trerrls and conclusions can be drawn from these results. 

'll1e sharp contrast in maintenance flow recommendations between the 1987 and 1988 
study sites illustrates that the rno:rphological characteristics of riffle habitats 
chan:Je significantly between these river segments. '!his situation indicates that 
flow reductions have nn.ich more serious fishery consequences for the river below 
Pacific creek than above it. For example when releases equal 280 cfs (400 cfs at 
SNRl) maintenance flow criteria are met near the dam but are less than 25% of the 
flow needed to meet these criteria at SNRl. Actual field :measurements showed that 
when the main channel flow at the 1988 study site equals 400 cfs, only 12 cfs flows 
down the side channel at SNR3. '!his low flow almost completely eliminates side 
channel habitat (Figure 6). 
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Figure 6. Side cliannel at SNR3 when discharge is 400 cfs in the main channel. 
Discharge in side channel is 12 cfs. 

Sinc:e records have been kept, average releases from JID have ranged between 524 
arrl 798 cfs (759 arrl 1,058 cfs at SNRl) between October 1 and March 31 approximating 
natural inflows to the reservoir. 'Ihese flows are as little as 44% of what the 
Habitat Retention rcethod irrlicates is necessary to maintain adequate fish passage and 
survival. '!his is as little as 41% of the instream fla-1 needed for maintenance of 
hydraulic criteria in side channels. Unlike Il'OSt streams in Wyoming, natural winter 
flows in the Snake River are considerably less than the recomrreooations derived from 
the Habitat Retention m:xiel. '!his disparity provides a stro� in:lication that, even 
urrler natural flow corrlitions, hydraulic attributes i.nportant for maintaining the 
fishery are extrerooly limiting. Drring periods when releases have fallen 
significantly below natural winter fla-1 levels, fishery :inpacts have likely been even 
nore severe. 'Ihis f� does not irrlicate that such a shortfall precludes 
developrent arrl maintenance of a sport fishery in the Snake. Rather, it illustrates 
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hew the fishery is limited by natural winter flows arxi places an enp,asis on the 
.i.nportance of ensuring that winter flows in the river do not fall belc:w natural or 
average winter flow levels. 

'lbe :results fran 1988 instream flow stooies provide an indication that 
significantly greater releases of water fran the dam than occur naturally are 
desirable for rnainta:inin;J winter survival oon:titions. However, sudl a scenario is 
unlikely as the annmt of water needed in excess of natural winter inflow is not 
readily available fran Jackson lake Darn. Providin;J these quantities cx::w.d seriously 
inpair other resoorce values such as lake troot spawnin;J sucx::ess, recreational uses 
arxi downstream water users. 

In light of these fi.rx:lin;Js, managen-ent strategies should fcx::us on rnaintaini.rq a 
base flow during the winter equal to historic average ronthly flows or the natural 
instantaneous winter inflow to the reservoir, whichever is less. As shown by the 
data in Table 4, this operational strategy would result in a reservoir release 
awroxirnating 700 cfs between october 1 arxi March 31 urrler average corx:litions. Based 
on the preliminary hydrologic analysis, this wculd result in a flow of 1,000 cfs at 
the 1988 study area. 

Althaigh these releases would fall short of providi.m recamnerrled rraintenance 
flows, they would acxx:irrplish several iJTportant objectives within the c:x::,rrplex 
framework of managing the Snake River. Releasing instream flows according to the 
above criteria would allow storage of winter flows in excess of historic average 
flows for use by downstream water users. Flexibility to provide water for other 
recreational uses \\U.lld be rraintained. '!his management awroacn would also protect 
the lake trcot fishery in Jackson lake by rraintaini.rq relatively stable lake levels. 
In addition, this strategy would rraintain the population of Snake River cutthroat 
tra.rt: in the river below the dam at historic levels. 

SUMMARY 

1. Instream flow studies have been corrlucted on the Snake River below Jackson lake
Darn in 1987 arxi 1988. 'Ihese separate studies identified stream flow/fish habitat
relationships for two distinctly different river segnents.

2. Results fran 1987 studies addressed only the portion of the river between the dam

am the nnith of Pacific Creek. '!his 4.3 mile long segnent of the river contains
a relatively narrow, well-defined channel with a series of long deep runs. 'Ihe
fishery rraintenance flow recanrta'rlation for this segnent was 280 cfs.

3. Results fran 1988 studies addressed the portion of the river between Pacific
Creek arxi Moose. 'Ihe habitat in this segment is significantly different from the 
river above Pacific Creek arxi consists of extensive side channels, wide riffles, 
deep pools arxi deep runs. Several different JOOdels arxi awroaches were used to 
evaluate instream flow needs in this study area. 

4. Results of a hydrologic analysis showed that awroximately 70% of the water
passing the 1988 study area between Octd.:,er 1 arxi March 31 originates fran
Jackson lake Darn. 'Ihe awroximate release fran Jackson lake Dam needed to
realize the various instream flow recarrnermtions in the following SUil1ll0l:y items
is shown in parentheses.
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5. '!he fisheries maintenance flow reccmrerrlation for main channel portions of the
river segrrent below Pacific Creek is 1,718 cfs (1,203 cfs).

6. studies designed specifically to address maim:.enanre of hydraulic criteria in

side a rec:x:rmerledchannels of the river segment below Pacific Creek provided 
flow of 1,837 cfs (1,286 cfs).

7. Results fran silnul.ation fora Ibysical habitat analysis showed that usable area 
adult Snake River o.itthroat troot in the main channel of the river below Pacific
Creek is maximized at 400 cfs (280 cfs). Results fran this irethod did not
acxiress maintenance of side channel habitat or the relative inportance of bank
cover for tro.rt.

8. l.Jmer :oonnal �ti.n:;J corrlitions, average releases fran Jackson lake Dam (which
ai;:proxi:aate total inflCMS) ran;Je between 524 arrl 798 cfs (759 arrl 1,058) . 'Ihese
flow levels are as little as 41% of preferred instream flCMS in the river segrrent
belCM Pacific Creek.

9. 'Ihese fi.n:iirgs iniicate that the river fishery is nore limited by natural winter
flow con:iltions than m::ist other Wyc:min:J strea:rrs.

10. Althou:Jtl stu:iies irrlicate that significantly greater flows are needed than are
available naturally, several constraints exist which limit the feasibility of
improvinJ the existi.n:;J situation. Provi� these flows entirely from Jackson
Lake Dam ccw.d seriOJ.Sly inpact lake trout spaWJlID3 success arrl also limit
deliveries of water to downstream water users.

11. Managenart: d::>jectives shruld enq;:hasize establishment of historic average releases
or natural i.nstantaneals inflows to the reservoir, whichever is less, as a base
flc,,., in the river. '!his operation strategy would provide storage waters for
dCMnStream water users, provide flexibility for recreational uses, maintain
stable lake elevations which would protect lake trout spaWJlID3 areas in the lake
arrl naintain the Snake River cutthroat trout fishery at historic levels.
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