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'!he North Platte River (NPR) fla.vs northward from Colorado and enters WyorniJ1g in
Albany County in southeastern Wyoming. '!he river fla.vs in a northerly direction to
the city of Casper, where it turns east, eventually exiting Wyoming and entering
Nebraska (Figure 1). In Wyoming, the NPR fla.vs approximately 436 miles, loses 11early
4,000 feet in elevation, and drains 20,588 squa:1:"e miles. within Wyoming, the NPR is
a highly developed river system. '!he reach of :I-:iver from Interstate 80 dcy..mstream to
the tC7.om of Guernsey, a distance of 274 miles, contains eight darns, seven of which
are operated by the Bureau of Reclamation (OOR). 'Ihe eighth darn is located just
dcy..mstream of Glenrock and is a..1ned and operated by Pacific ~er and Light. Of the
seven OOR darns, five of are located upstream of Casper, while two (Glendo and
Guernsey) are located dcy..mstream.

Glerrlo [Brn is located on the NPR 4.5 miles i:;outheast of the ta.m of Glerrlo. '!he
dam was completed in 1958, and when full, creates a reservoir 14 miles long and has a
storage capacity of 795,196 acre-feet. '!he Glerrlo p::1We:rplant is located
approximately 1.5 miles dC7.oJnStream of the dam and has a capacity of 24.0 MW.
lb-mstream of the dam, the NPR fla.JS for 20 miles before entering Guernsey Reservoir.

D.1e to the operation of Glendo [Em, this 20 mile stretch of river has a totally
modified, non-typical flow regime. Flows retrain high through the stmtmer months to
meet downstream irrigation dem3J1ds, and then are essentially "turned off" (releases
equal zero) during the fall and winter to allow Glendo Rese:rvoir to fill. As a
result of this annual flow pattern, the biotic connnunity of the NPR downstream of
Glendo ram has been severely suppressed for over 30 years.

Presently, the river between Glerrlo and Guel:11seY reservoirs is rated as a C:lass 3
trout stream (fisheries of regional importance) by the ~FD. HCMever, this stretch
ma.y have the potential to be a Class 1 trout stream (fisheries of national
importance) with a better flCM regi111e.
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'n1ree prior instream flClll/habitat analyses have been corxiucterl by the \.x;FD
within this stream ream. Work perfornro in 1983 detennined that a minimum fl~{ of
about 125 cfs was necessary to naintain the adult brC1.om trout (SalnD trutta)
population in the stretm of river just dC1.on1Stream of the Glerrlo pCIIlerplant. A
secorxi study, completed in 1987, r~ed a minimtnn flClll release of 290 cfs. '!his
analysis was perfornro using a riffle habitat retention ~thcxi (Nehring 1979), 1-ISing
criteria set for use on Wyoming streams by the \.x;FD. Binns et al. (1980) used 1j}e
Habitat Quality Irxiex (HQI) (Binns and EiseI11en 1979, Binns 1982) to evaluate hcibitat
corxii tions at three locations on the NPR betweeJ1 Glerrlo I:aIn and Guernsey Reservoir.
Binns et al. (1980) detennined that a minimum f:LCIIl release from Glerrlo ReservoiJ:- of
133 cfs would improve fish habitat corxiitions ll1 the da;.mstream reach of the NH~.

study Obj ecti ves

Be:Jinning in late 1992, the B)R will IOCrlify the flCM release sche:iu1e by
allCMing a minilmnn flCM of 25 cfs at all t~ of the year. 'nlis study, ternm the
NPR/GIENOO study, was undertaken in part, to evaluate the possible fishery benefits
of this discharge This evaluation was based on predicted changes in trout habitat
quantity and quality with the changes in flCM aJrxiitions.

'!here were three prinery obj ecti ves of this study:

Evaluate the potential changes/benefits in fish habitat of the NPR stu<ly
reach given a year round minimum release of 25 cfs;

1.

~ten1line the level of discharge requirOO to meet a minimum and a preferroo
instream flcy.,.r for trout;

2.

Perfonn a limiting factor analysis for the study reach.3

~ription of study Area

'!he stretch of the NPR between Glendo I:5m arrl GueJ:l1sey ReseIVoir has three
distinct sub-reaches based on channel I1\OrpholCX}Y. 'nle reach of river extending from
the dam da.mstream to the powerplant is tmique :in that it has not received fla.J:s of
any significant IMgnitude arrl/or duration since the dam was closed. 'nle area has
become sever 1 y encroached by riparian vegetation arrl is nOil porxled by two road
crossings/dikes which cross the historic channel. Instream flOil/habitat work
completed on downstream reaches is not applicab:le to this reach.

'!he 12 miles of river from the powerplant to the top end of Wendover Canyon is
lC1.\T gradient and nearKiering, with a relatively wide channel. 'Ihe river is
characterized by having long stretches of deep :nm/glide habitats, with short riffle
sections between them. '!he surrounding lands are primarily used for grazing and hay

prcxiuction.

'llie lCfWer section of the NPR fla./S through 'Werxlover canyon. Here the river
channel is narrCMer, with increased gradient. :Habitat type is dominated by a balance
of pool/riffle combinations, with a increased a:rount of instream structure (i.e.
boulders) than is present in the upper section.
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'IWo perennial streams enter the NPR within 't:he study reach. Horseshoe creeJ<.
enters the NPR from the west, 4.5 miles d(1.,JnStrE~ of Glendo~. rnlis creek ru~ a
mean annual discharge of 28.0 cfs (USGS Gage #OE>6533. 00), with an average winteJr t~
flaw of only 1 to 2 cfs. Big cottonwocxi creek Emters the NPR at the d(1.,JnStream end
of the canyon, near the tOIJn of Wendover. rnlis stream is ungaged, but with a nnlch
snaller watershed than Horseshoe creek, it shouJLd have a snaller total water yi,~ld.

'!he mean It¥Jnthly hydrograph am a flC7.oJ dura1:ion curve for the NPR in the stl.1dy
reach is sha-m in Figure 2. 'nlese are basOO on data collected at USGS Gage
#066528.00 (WY1981-WY1990). '!his gage is loca~~ 3.1 miles downstream fram Gle~o
r:em am has a period of record (!:oR) of october 1957 to present. At this gage, the
NPR has a drainage area of 15, 548 square miles cu"rl is at an elevation of 4, 489 :feet
above mean sea level. 'nle mean daily discharge for the !:oR is 1,646 cfs, with
naxinu.nn am mininu.nn extremes of 10,300 cfs am 0.0 cfs, respectively.

'nle primary fish species inhabiting the NPR between Glendo and t:;Ue:rnsey
ReSeJ:Voirs include~ rainbc1N trout (Oncornynmus mykiss), bra;.m trout, Snake River
cutthroat trout (0. clarki), walleye (Stizosted:Lon vitreum), yellaw perch (Perca
flavescens), white sucker (Catostomus cormrersoni), longnose sucker (C. catostomus)
carp (~rinus carpio), and quillback (~iodes cyprinus) .

'!he river section is managed as a basic yield fishery for rainbow, bra.-m am
cutthroat trout, am is stocked with advanced fingerlings (4 inches) of each of thesespecies.

ME'IHOr:s

'Ibis section describes the field and data aJr1alysis techniques use:3. during this
study. All field work for this study was perfo:rnm from July through september 1991.

study site Selection

In June 1991, the North Platte River from Glendo ~ dC1.oJnStream to Wendover was
floated to view the river and select a study site. '!he study site usOO represented
the major habitat types found in the upper reach of river. '!his habitat type is
characterizoo by a short riffle follaNOO by a I'Dng sIaN glide/run immediately
upstream. site selection was based on from the representative reach approacll
described by Bovee (1982).

This study site was located approxilnately 7 miles da..mstrearn of Glendo ~, am
1 mile da..mstream of Cassa Bridge. The site is in Platte County, R67W, T28N, S:7,
SE1/4 .It was estilnated that during nornal winter n-onths, flON frcm darn leakagre,
tributaries am gains at this reach of river averaged approxilnately 10 cfs. 'n1Lis
site appeared to be very similar to the majority of the upper rive!: section in that
it contained a short riffle/run habitat type on the da..mstream end, with a muctl
longer stretch of deep, glide type of water on the upstream. No study was
established in the lONer stretch of river (Wendover Canyon) because it was asSl.:1me:3.
that flON reconm\eI1dations made in the upper stretch would satisfy habitat needs; for
the lONer section as well. The total length of the study site was approximately
1,500 feet.

A.
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Methcxiol(XJY Selection

since the early 1970's when the need for assessing flow related i1lll)acts on
aquatic resources was identified am cane to the forefront of aquatic i1lll)act
analysis, a multitude of methcxiol~ies am mcxie:ls have been developed for quantifying
habitat am/or fonmJlating instream fla.l rec0rrJrrW:3..ndations. 'Ihese models have been
reviewed am SUl1n11arized in nunerous reports inc:luding stalnaker am An1ette (1976),
Wesdle am Rechard (1980), FA Engineering, ScieJ1ce, am Teclmol~, Inc. (1986), am
Fausch et al. (1988).

For the NPR/Glendo study, several factors were considere:i in the selection IDf an
evaluation methodolCX]Y. 'nlese factors included such things as: 1) providing the
means to assess a large range of discharges; 2) applicability of mcx:iel primarily for
trout, but also additional species; 3) g~phic suitability; and, 4) biological
soundness (i.e. tested and reproducible). For the NPR/Glendo study, two habita't
assessment mcx:iels were selected; the Instream Flatll Incremental MethodolCX]Y (IFIM),
and the Habitat Quality Index (HQI).

Instream Fla-ll Incremental Methcxiol{XJY

Of all the instrearn flCIN/habitat assessment methcrls available, the u.s. Fish and
Wildlife service's (USFWS) IFrn (Bovee 1982) is the most conuoonly applie:i and widely
accepte:l by state and fe:ieral resource agencies (Reiser et ale 1989). 'nle mcrlel
allCINS for the evaluation of incremental changes in physical habitat with changes in
flClNs, and was also developed and prQm:)te:l by the USFWS.

'!he prina.ry analysis corrP:Jnent of the IFIM is the computer software package
collectively kna..m as the Rlysical Habitat simulation System (mABSIM) (Milhous et
al. 1984, 1989). '!his system is comprised of both hydraulic and habitat simulation
m::xiels which, when interfacei, provide a neans of estiJ1lating the quantity of physical
habitat available as a function of stream flaN.. '!his habitat is te.:l::lnerl Weighted
Usable Area (WUA), and is most COImtK)nly expressed as square feet of habitat per' 1, 000
linear feet of stream, or as a percent of the maximum available at any single
location at all possible discharges (nonnalized).

Suitability curves

One integral part of the IFIM mcxiel is suitability index cw:ves (SI' s) (Figure
3). SI 's are simple graphical representations of mathem:1tical functions which define
the limits to which various physical parameters are u58i by a given fish species and
lifestage. SIts are important input to the HfABSIM system because they define for
the mcxiel the physical habitat in tenns of a certain species and lifestage, whj.ch can
provide additional insight in providing flail recoIm11eI1dations. Hallever, SI , s aI~ also
COnntK)nly criticized because 1) HfABSIM allaNS for a naxim1.m\ of only three physical
parameters to be analyzed (typically water velocity, water depth, and substratE~) and
2) ntnnerous questions rem:1in regarding the entire development and application process
of SI' s. Any detailed discussion on SI' s is beyond the scope of this report,
hallever, mention of the circumstances surrounding the use of SI' s is important to
establish the limits within which results may be interpreted.
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Habitat Quality Imex

A second nOOel used for this analysis was the HQI. 'nle HQI was developed by the
~FD for use on Wyoming streams, am is the deparbnent's standard trout habitat
evaluation procedure. '!he HQI was developed am tested on 36 study streams of
various sizes located throughout Wyoming. '!he liQI nOOel is one of the nost widely
applied nOOels in the western U. s.

'!he HQI procErl\1res involve the ~enent imd rating of nine physical and
chemical variables for a given stream reach. 'n.1e rated variables are then use:i as
input into a 'fX:f'iler function equation, with the Jresultant output being in a unitless
index ternro Habitat units (HU's).

Transect Selection and Setup

Five cross-channel transects were established within the study site (Figure 4)
for use with both mcxiels. I.ocations of these transects were based on specific
hydraulic conditions and habitat types present. Once transect locations were marked,
transect set-up was initiated for earn transect~. Transect set-up included the
placement of "working" and "head" pins on earn bank. working pins (WP's) are
5-foot fence posts driven into the bank 2 to 3 feet. Working pins are used to secure
cables and as a reference point for linear measurements across the channel. Head
pins (HP's) are 3 foot lengths of 1/2 indl rebar, driven into a solid substrate
behind. the WP's (away from the waters edge) until approximately 0.1 foot renBins
above the ground.. Head pins are used as elevation references for earn transect.

A relative benchmark (8'1) was established for use during field data collection.
The B"'1 was a piece of rebar placed in the ground in the same n\:mner as HP' s, but
placed away from the water and out of the active charmel. The 8'1 is used as an
elevational reference point (8'1 = 100.00 feet) for all transect HP's.

Field Methcrls

All field measurements were na.de in strict accordance with outlined and accepted
proced1lres. 'nlis included Bovee and Milhous (1978), Bovee (1982) and Trihey and
Wegner (1981), for the IFIM; and Binns (1982) for the HQI.

Survey (elevational) data was taken using a PENTAX B-1 32x autolevel am a
standard 14 or 25 foot (tentil graduate:i) survey rcx:1. Transects were ~ by
eitiler wading, or from a 14 foot aluminum boat witil a standard cable am reel set-up.
When tile boat was use:i for maasurernent purposes, a 1/8 inch braided, steel cable was
stretchoo from bank to bank, between tile working pins, for boat att:ad1ment.

D3.ta collected during this study can be grouped into three different types.
'Ihese include site specific, transect specific, am station specific data. A s:tation
is a single point along a transect which is a defined distance from the left balnk WP.
site specific data included:

8





discharge at tilte of samplirq (calculate:i);

gage height at regular intervals during sampling (taken at. start and finish
of each transect) ;

water temperature (using pocket thernnneter) ;

nitrate-nitrogen (water sample taken and submitted to lab for analysis) ;

length of ercrling banks present (neasurOO on-site) ;

photographs (taken at several photo ~ints).

Transect-specific data included (Figure 5):

transect ntm1ber;

transect location (distance in feet upstream from next da;.mstream ~1SeCt
as measuroo on both the left and right banks with a fiberglass reel tape);

sampling time (begin and end) ;

elevation of left arrl right head pins (as referenced to H-1 = 100. 00 fe~t);

water surface elevation (taken near both right am left banks as refeI~caj
to H1 = 100.00 feet);

photCXJraph looking along transect (across channel) :

station-specific data included (Figure 5):

distance from left working pin (in feet as measured with a fiberglass reel
tape) ;

bankjstream re:i elevation (as referen<~ to H-1 = 100.00 feet);

water depth (read from a wading rOO or reading taken off cable am reE~l -in
feet) ;

mean colUItU1 velocity as defined by Buchanan arrl Somers (1968) (meaSurE~
using a Marsh-McBirney brand 201 velocity meter -in feet per secorxi) ;

substrate class (% dominant and sub:iominant -see Table 1 for
classification) ;

percent ernbeddedness (as defined by Platts et al. (1983»;

cover type present (see Table 1 for classification) .

10
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~iption of substrate arxi cover ccxjes arxi classification used in the
NPRjGlendo study.

Table 1.

Ccxie Classification

Substra~

organics / S~:xi1

Silt/Clay2

Sand3

Fine Gravel (0.25" to 0.99")4

coarse Gravel (1.00" to 2.99")5

Rubble (3.00" to 11.99")6

Boulder (12.00" and larger)7

Be:1rock8

Aquatic Vegetation9

Cover

No Cover Present1

Instrearn Cover Present2

OVerhead Cover Present3

Instrearn and OVerllead Cover Present4

All data were recorded in bound waterproof field books or on "write-in-the--rain"
data sheets. Upon returning to the office after each completed field Salllpling
effort, all field notes were photocopied arrl originals placed in the project fj.les.

At each discharge samplro, either a full or partial data set WdS collectro" A
full data set includro all site, transect am station information; while a part:ial
data set includro only site am transect data. A crew of four individuals was used
to collect full data sets, while a crew of two was used for collecting partial sets

12



Selection of Target Species arid Suitability Clrves

One of the n'OSt important steps in any insb:-eam fICIN analysis usirq mABSIM is
the selection of target species, and the selectj.on of suitability curves usOO to
represent them.

Target species typically are those species which are generally considered to be
those with prim:l:ry importance (i.e. game fish). HC1.Vever, target species may inc:lude
any fish species or guild, and can also be macrc>invertebrates. For the NPRjGlerrlo
study the two principal game fish inhabiting the reach, raiJlbc1..l trout and bro..m
trout, were selected as target species. Life stages included adult, juvenile, j:ry
and spawning. RaiJlbc1..l trout S1' s used in mABS]:M were from Raleigh et al. ( 198~~) .
'!his set of curves is considered a very generalj.zed curve set and lli;ed often in
mABSIM studies. Adult, juvenile and spawning bro..m trout curves WE~e from Wolj:f
(1989). '!hese curves were developed from several data sources collEded on brc,;,m
trout habitat utilization in mid-sized rivers in Wyoming and Montarui. Braom trc>ut
fry curves came from Nehring (1986), and were collected on the South Platte and
GI.U1nison rivers in COlorado. O.lrves used can be seen in Appendix A..

I:B.ta Analysis Procedures

Once all field data had been collectro, data analysis procroures were initicltOO.
IHta analysis efforts were split between mABSIM and HQI nmels. '!he najority of
analysis routines were perfonned on a IB-i-type microcomputer.

Physical Habitat Simulation System

Hydraulic and physical habitat simulations were complete:} using the methods and
procErlures descriJ:Jed by Milhous et ale (1984, 1989). 'Ibe primary hydraulic
simulation m::xiel used was the one flC1'/l IFG-4A m::xiel. 'Ibis m::xiel is a m::xiificatj.on of
the multiple flC1'/l IFG-4 m::xiel and is nC1'/l the rec::ornmended proce:iure for nK>St
simulations (Milhous and Schneider 1985); Milhous (1984) found the IFG-4A m::xiel to be
nnre reliable in its velocity predictions than was the IFG-4 m::xiel.

Hydraulic simulation using IFG-4A was complete:l individually for each tranSEct;
and on a lC1.Y, mid, and high range deck for each transect. '!he differences in tile
flC1.Y range decks were in calibration. Each dec].~ was calibrate:l to better simulcl.te
flC1.Y conditions in a given range of discharges I:Table 2). 'nlese reb""ulte:l in a 1:otal
of 15 data decks usOO in the analysis.

Range of simulated discharges usro in HABrAT simulation for lC1N, mid
high flC1N calibrated IFG4 data decks.

Table 2.

Discharae Rame Simulated (cfs)

10 to 100I.ow Range

Mid Range > 100 to 1,000

> 1,000 to 10,000High Range

13



After hydraulic simulation was completOO, OlLltput data were usOO along with the
selectOO 51' s and processed through the HABI'AT lrncxiel of mABSIM. OUtput from the
HABI'AT mcxiel providoo physical habitat values (.3S WUA) for each transect at flows
from 10 to 10, 000 cfs. D:lta from eadl transect were usOO to compute mean physical
habitat values for the study readl at eadl simtilatOO flON. Mean physical habitat
values were nonnalizoo; calculatOO as a percent of the maximum possible for that
simulation range.

Substrates were not used in the habitat simulation IXJrtion of the analyses
because the classification of substrates within our study site was difficult due to
deep and tumid water, and algal nats on the streambed. since the substrate
component is a "static" paraIreter (does not change as a function of flOt/l), the
resultant physical habitat curves will prirnaril:y differ in nagnitude, not function.

'nle final step perfonred during tile I=HABSIM analysis sequence was that of t~
series. '!his is siJrIPly taking tile developed ~ysical habitat versus discharge
curves, and comparing it to a given fla-ll reg~, historic or proposed. '!he result is
a graphic output of physical habitat versus time. '!he entire IFIM si111ulation
sequence can be seen in Figure 6.

Habitat Quality Index

Variable rating arrl score calculation for the HQI was done according to Binns
(1982), as mcxiified by Annear (T. Arn1ear, Wyoming Game arrl Fish ~parbl\ent, personal
communication). The critical period used for rating flCYt/l dependent: variables (Xl arrl
X2 ) was 1 october to 31 March instead of the nontal late SUltm1er period as is
typically used. 'nlis was because the winter flCYt/l re:Jime is ass1.nned to be the
limiting flCYt/l period for this stretch of river. All other variables were rate:Jl based
on conditions present from August 1 to SeptembeT 15, as suggestOO by Binns ( 198;2) .
The mean discharge for this period was 4,843 cis. A list of the nine variables: used
in computing the HQI score, along with the source of measured values is in Table 3.

HQI scores were computed based on 1) tl1e current fla..J regime (10 cis winter.-time
flow), 2) tl1e proposed new fla..J regime witl1 a 25 cis minimum fla..J release, am 3) at
an incremental set of discharges to attempt to neke estimates for a naintenanCE~ am
an optimum fla..J release. To compute HQI scores at urmleaSured flC1.oJS, all variakues
were held constant except Xl (critical pericxi f'la..J), am X2 (annuaJ- stream flCY.\7
variation); as per Annear.

14



Physical Habitat
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Data File

Figure 6. Sequence of modeling steps used with the Physical Habitat
Simulation System.
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Table 3. List of variables used in the Habita1:. Quality looex rncdel, arrl SOUrCE!S
where neasured values were obtained for this study. See Binns (1982) for a
detailed description of earn variable~.

Variable

Data* Variable Source of S ol Descri tion

X1 Critical Period Flow USGS Gage #066528.00 (WY1981-WY1990)

X2 Annual Stream Flow Variation USGS Gage #066528.00 (WY1981-WY1990)

X3 Maximum Summer Stream Temperature USGS Gage #066528.00 (WY19601-WY1983)

X4 Nitrate-Nitrogen WGFD \later Quality Data Base

X7 Cover I:ield Measured During Study

XB Eroding Stream Banks I:ield Measured During Study

X9 Substrate Condition Field Measured During Study

X10 Water Velocity I:ield Measured During Study

x11 Stream Width Field Measured During Study

USGS = United States Geological Survey

WGFD = Wyoming Game and Fish Department

RESULTS

Field r:a.ta COllection

Field data were collected on five different dates between 26 July and 30
September 1991. Table 4 presents pertinent info:rn\ation regarding each samplingr t~.
Fla-lS sampled ranged from over 7, 000 cfs to 25 cfs. Full data set.<::: were collected at
the three middle fla-lS, while only partial sets were collected at the high and 10'll
discharges .

Cross-sectional profiles for earn of the five transects are shCMn in Figures 7
and 8. Table 5 presents sUImTla1:Y infornation on the physical and hydraulic
characteristics of earn transect at earn of the three fully ~ discharges,.

Physical Habitat Sbnulation System

Rlysical habitat versus discharge curves for rainbow trout (all life stages:) are
presented in Figures 9 through 11, for the 10.,{, mid arrl high flo.,{ ranges,
respectively. Similar graphs for brcy..m trout are presented in Figures 12 throUlgh 14.
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Pertinent infonnation of individual scmlpling efforts for the NPR/Glen<io
study during 1991.

Table 4.

~te Discharge Data Set
Samploo Samploo (cis;1 Collectoo*

PartialJuly 26 7,420

September 4 3,971

September 23 773

September 27 268,206**

PartialSeptember 30 25

* - All site, transect and station !;pecific data collected for
full sample set; only site and 1:ransect specific data
collected for partial data set.
Discharge at Transect 1 at tilTle of sampling was 268 cfs;
Discharge at Transects 2-5 at t:ime of sampling was 206 cfs.

** -

Rlysical and hydraulic characteristia; at measured discharges for
individual transects at NPR/Glendo study site.

Table 5.

Top Wettro Hydraulic Mean X-Sec
Discharge Width PeriIreter ~ Velocity Area

Transect (cis) (it) (it) (it) (fus) (ft2)

3,971
773
268

299
231
187

300
231
187

3.01
2.10
1.79

4.40
1.59
0.80

901
485
334

3.44
1.22
0.53

1,154
636
391

2 3,971
773
206

324
279
235

325
279
235

3.56
2.28
1.66

2.74
1.14
0.61

1,451
675
338

3 3,971
773
206

423
363
326

424
363
326

3.43
1.86
1.04

4.17
2.81
2.19

2.91
0.91
0.35

1,367
851
582

3,971
773
206

328
303
266

330
304
266

4

259
233
210

260
234
211

5.16
3.82
3.19

2.97
0.87
0.31

1,336
891
670

5 3,971
773
206
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RainOO..l Trout

Rlysical habitat values for rainOOll trout in the 10l/l flOl/l range steadily inlcrease
as flOl/lS increase for the adult, juvenile, and fry lifestages. At 100 cfs, adullt
habitat is at 63% of naximurn, juvenile habitat is 95% of maxinu.nn, and fry habitat is
100% of naximurn. RainOOll trout spawning habitat is 0% of maxinu.nn for all flC1.YS: in
the 10l/l flOl/l range.

within the mid flC1.V range, adult habitat continues to increase, until it rearnes
100% of maxilmnn at 800 cis. Juvenile habitat also increases, but maximizes at 300
cis, then declines. Fry habitat, which maximized at 100 cis declines through the
entire flC1N range at a fairly steady rate. Fry habitat at 1,000 cis is 32% of
maxilmnn. Inverse to the other life stages, spawning habitat increases at a each
successive flC1N tl1rOUgh the mid flC1N range. Spawning habitat is 0% of maximtnn at 100
cis, am increases to 67% of maximum at 1,000 cis. As a remirrler hC1Never, this.
spawning habitat area is basOO solely on available hydraulic characteristics
(velocity am depth) am does not consider substrate type.

At flC1..JS sirnu1atOO in the high range, physical habitat values decrease as
discharge increases for adult, juvenile am fry lifestages. Rlysic.al habitat for
spawning initially increases to a maximtnn of 100% at 2,000 cfs, am decreases as
discharge increases through the renainder of simulatOO flC1..JS.

Bra-m Trout

In general, physical habitat versus discharge relationships fo:r" brcr,m trout. are
Very similar to those for rainbc1.ll trout. HC1Ilever, for all lifestages evaluated.,
brcr,m trout habitat naximizes at a IC1ller disd1arge than for rainOO..ir trout. This
would be expected given the differences in general habitat preferences between the
two species (i.e. brCYvlTn trout typically prefer IC1ller water velocities than rai11bC1Ntrout).

At fl~ sirnulaterl in the la-l range deck, habitat values for adult, juvenile an:i
spawning brown trout increase as fla-lS increase. Maximum habitat values for all
three lifestages occur at 100 cfs an:i have values of 83% for adult, 100% for
juvenile, an:i 49% for spawning. Fry habitat is above 90% for all fl~ from 101 cfs
to 30 cfs, reaches maximLmI at 40 cfs, then decreases to a value of 73% at a discharge
of 100 cfs.

Habitat-discharge curves for the mid range deck shCM maxi1mnn habitat values: of
100% for adult, juvenile and spawning b~ trout occurs at dischaI-ges of 400 c:fs,
100 cfs, and 200 cfs, respectively. At discharges greater than the.se, habitat values
decrease as flCMS increase. Fry habitat decreases throughout the range of simullated
flCMS. Spawning habitat does take a snaIl upward swing between 800 cfs (50%) am
1, 000 cfs (59%), before decreasing once again.

For the higher simulated flC7.VS, brC1.om trout habitat decreases for all life stages
as flC7.VS increase. By the time discharge is at. 2,000 cfs, all habitat values alre at
or belaw 50% of maximLm1, am once discharge is above 5,500 cfs all habitat vall.:les are
belaw 20% of naxi1num.
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T ime. Series

Results of tile time series analyses (for adtllt lifestage only) are shcy..m in
Figure 15 for rainOO..l am brC1Ooln trout. '!he hym:"OlCXJY data used as input was tile mean
IIOnthly flC1.oJS for tile perioo of WY1981 to WY1990.

Habitat Quality Irrlex

Measure:} arrl rate:} values for each of the nj.ne HQI attributes for the study site
under present corrlitions are sha-m in Table 6. Using this variable set, the HQ:[
score is compute:} as 1. 0 available HU' s. '!his ].C1.-.f rating occurs because three of the
variables, Xl (critical perioo. flC1.-.f), X2 (annuaJ. stream flC1.-.f variat:ion) arrl Xl1
(stream width), have rate:} values of 0 given corxlitions present at the study si1:e

under the current flC1.-.f regine. Xl1 will always be equal to zero base:i on the H<~I
rating system arrl data collected at the study sj.te use:i which shC1.-.fe:} that the N1?R
will always have a nean width excee:3.ing 150 feet:. '!his is because of the areas of
the NPR which hold water year-round are the sl0..1, wide, glide sections.

Table 6. Measured and ratOO values for the pres;ent condition for the nine varicwles
usej in the Habitat Quality Index.

Rated MecLsure:i
Variable Vcuue ValuE~

Xl -Critical Pericxi Fla.l 0.4% 0

X2 -Annual stream FlO'/l Variation 8,072 0

X3 -Maximlnn SunnTIer stream TeJDPerature 7E>o F 1

X4 -Nitrate-Nitrogen 0.18 nq/l 4

X7 -Cover ] .9"
-0 0

X8 -ErcdiJ'KJ stream Banks 3~'.9"~. 0 2

X9 -Substrate Condition N/'A 4

X1O -Water Velcx=ity 3.61 fps 1

XII -stream Widtll lE;6 feet 0

To assess hCM habitat in the NPR might ~Je when there is a rninjIm]I1l winter
time flCM of 25 cfs, the two "active" flCM deperldent variables (Xl, X2) were
adjusted to represent this change (Table 7). HcMever, only variable X2 changed
with this corresporrling change in discharge, gojLng from a rated value of 0 to 1.
'!his changed the predicted HU' s only slightly, jl.ncreasing from 1. 0 to 2. O.
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Table 7. Habitat Quality Irxiex ratings for flail dependent variables, am score
(Habitat Units) at va:i:ying disd1a:rgeE:.

Variable Ra1tjJ:gs Habitat
OisdJara.e Xl X2 Units

10 cis a 0 1

25 cis 0 1 2

40 cis 0 1 2

60 cis 0 1 2

80 cis a 2 4

100 cis 0 2 4

200 cis 1 3 10

300 cis 2 3 14

400 cis 2 3 14

500 

cis 3 3 19

600 cis 3 4 23

700 cis 3 4 23

800 cis 3 4 23

900 

cis 3 4 23

1,000 cis 4 4 27

Table 7 shows how each of the three variablE~ I ratings change as fl~
increase up to 1,000 cfs, and the corresponding change in predicted HU I S (Figur4~
16). As can be seen, sane increases in HU I S QC(::ur from when discharge increaseJ5
from 10 to 100 cis. The most significant change (+150%) takes place when
discharge is increased from 100 to 200 cfs. At: a discharge of 200 cfs, the HQI
score increases to 10 HU's. '!he predicted HU's at discharges of 300 cis and 4013
cis is 14. HU's increase to 19 at 500 cis, ~~ again at 600 cis to 23, anj
renain at 23 through 900 cis. At 1,000 cis, thl~ predicted HU's obtain maximum
possible value for this site at 27.
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DISaJSSION

Using output from each of the two nKXiels, ~Ialuations were made to address
three flaY scenarios. 'Ihese scenarios includoo 1) the current flaY r~ime,
2) the proposed nKXiified flaY regime with a 25 <::fs rniniJnum flaY release, am
3) assessment of the discharge which would sati!;fy a typical fisheries
maintenance and/or preferred flaY condition. 'I11ese discussions are primarily
based on "holding habitat", or only the habitat. necessary to sustain adult am
juvenile fish. Although not docurrented, it is ciSs1.m1ed there is some natural
recrui'bnent to this fishery, but the majority ojc fish present corne from \'l;FD
plants of fingerling fish. Additionally, a sho]:t discussion is presented
concerning additional factors which could be lirniting the fishery in the
NPRjGlendo study area.

Present Cordi 1:ion

In reviewing nmel output, habitat conditioJ1S in the NPR belall Glendo under
the present flail regime are ve:i:y IX:>Or. These cc>nditions are causErl not only by
low (non-existent) winter flaIlS, but also by hi~Jh, sustained summer flaIlS. Mea11
summer flaIlS exceed 2,000 cfs during all nDnths (May through September), and arE~
typically greater than 5, 000 cfs during July anci August. Physical habitat for
trout decreases rapidly at flaIlS above approxmltely 1,000 cfs.

'!he tine-series analysis (Figure 15) reveal~; hay the amount of available
physical habitat consistently fluctuates from nE~ 100% of m3Ximlml, to less tha11
50%. '!he lay points in these fluctuations CX::CU1:" on an biannual bas:is,
corresporrling to the surmoor and winter flC1.oJS. '~:he peaks generally only occur
during brief periOOs of transition between the t:wo flay periOOs when flC1.oJS "pas~;
through" the discharges which m3Ximize physical habitat values. At high flC1.oJS,
the HQI had similar habitat predictions, shay~J habitat decreasing when flC1.oJS
excee:i 1, 500 cfs.

Available physical habitat for b~ trout clppears to be irnpactoo to a
greater degree at higher flC1tlS than is rainbc1..l t:rout habitat, usual:ly dropping
bela.v 20% of rnaxiIm.nn during the SUIrn1ler months. '!his is due to the more
restrictive velocity criteria in the b~ trout: suitability curves than was USE~
for rainbc1..l trout. Even though this difference in velocity preference between
the two species is probably accurate, rncxiel output m:lY not accurately simulate
actual habitat availability for the study reach.. 'll1e rncxiel is using the mean
colUIIU1 velocity as a standard to compare to the velocity criteria. Given the
large amunt of area in the NPRjGlendo study reclch which consists of long, deep
glides, there is in all probability a large amtmt of area within those habitab~
which have suitable velocities at or near the st:ream bed, even though the mean
colUIIU1 velocity m:lY not reflect that condition.

'IWo facts concerning high fl~ in this rea(~ of river neOO. to be put forth.
'!he first, even though sustained, high sumrrer fJL~ probably impact the availab:le
fishery to some extent, these are not the fl~ that li.I!lit the fish populations
or survival. And secondly, given that the reason there are high SUImner fl~ is
to provide water for da.-mstream irrigators, thif; part of the system operations
cannot be d1anged significantly. Based on theSE~ two facts, the renainder of thE?
discussion in this report will concentrate on tile winter flaw regime.
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Base:i on the mABSIM n¥Xiel, ~ adult and juverrile physical habitat availabili1ty
during the winter nDnths, urder present dam ope]:ations (~ disd1arge at the
study site, 10 cfs), is less than 50% for both ]:ainOOll and brOlm trout. HCMeve:r-,
given that 10 cfs at this site is less than 1% of the ~ daily flCM, the fact
that there is any available habitat at all is very unusual. Again, this is due
to the am)unt of lo~, deep glides whidl exist :i.n this study readl. 'nlese glid4~
act as small porrls whidl hold water throughout 1:he year, regardless of ~:le
discharge. Transect hydraulic data, even at ze]:'Q discharge, shaN average depthJ5
at transects 4 and 5 of 1.5 and 2.9 feet, with ~vette:i top widths of 228 and 148
feet. Even urder a winter flCM condition, therE~ is physical habitat available.

'!his does not consider, h(1.olever, other factors such has oxygen or focx:l
availability. '!he extent to which these type of factors nay rOOuce or cornplete:ly
ne:Jate the available habitat is not knC1.om, arrl. Very difficult to address. stil:l,
these factors 1.ll1doubtOOly playa significant role in deternlining the overall
habitat quality of the system. Also, the impad: of winter flC1.o1S on
over-wintering habitat for e:Jgsjalevins or yolll1<j-of-the-year fish, which
typically occurs in riffle sections, is not add]ressed but is 1.ll1doubtOOly Very
high. '!his will be discussed further in the section that addresses Limiting
Factors.

Results from the HQI mcx:iel at present lCM f:lCM conditions revealed differen't
results than did the RiABSIM mcx:iel. '!he 1. 0 HIJ' predicted for the present flCM
regi1Tle appears to be more inline to what would ]::>e expected und.er such severe fl,Cftlconditions.

Mcxiifioo FIC1li Regime

Under the proposed mcxlified flCM regbne, a rniniInlnn of 25 cis would be
released from Glenda I:SIn during all nDnths. '!his would provide an estimated flC7t1l
of about 30 cis at the NPR study site. with this discharge, trout habitat woul,d
increase only a small amount based on both mABsrn and HQI predictions.

HC7'/{ever, such a nlini111lnn flC7'/{ could very wel.l provide for a better quality of
holding habitat by affecting the factors mentio:ned above; including better oxygen
and f0cx3. availability, as well as increased sur\Tival of ~s and alevins. '!he
flC7'/{ of water through these "pondej" stream areas is important to maintain
sufficient oxygen and nutrient cycling through the system for the survival and
~ of trout. Also, the importance in Iraintaining riffle habitats in streams
has long been recognizej. Riffles are the prina:ry prcxiuction areas for aquatic
Iracroinvertebrates (f0cx3. base), and as habitat for spawning, and ~ and alevin
incubation.

Ultimately, even though the proposed rniniJrnlm flC1.ol releases do not appear tcl
provide for any large increase in holding habitat, the potential secondary
benefits could be more important in benefiting trout populations as a whole than
a si111Ple increase in the anount of available physical habitat.
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MininRlm/Preferre:i Flow Conditions

Results from both of the habitat nroels usej in this study were evaluated to
dete:nnine at what discharge standard instream fla.! criteria would be net for a
minimum fla.! (80% level) and for a preferred fll:M. 1bis is based on habitat
requirements for adult and juvenile fish only.

To assess instream flOll regimes, standard cl:"iteria were applied to the
RiABSIM results. Minimtnn flOll requirements Werl~ considered met at the 10llest
discharge where nom1alized habitat values for b:>th adult and juvenile lifestages
equalled or exceed.ed 80%. Preferred flOllS were set at the discharge where the
cumulative nom1alized habitat value for adult aJ~ juveniles was maximized.

:Fhysical habitat-discharge curves from the ]~IM output for rainbow trout
indicate that a Inini1nln1l flCM requirement would ]Je net at a discharge of 300 cfs,
and a preferrro flCM requirement at a discharge of 500 cfs. For bra-m trout, tJ:le
minimum flCM requirement would be obtained at a discharge of 200 cis, while a
discharge of 300 cfs would neet preferred flCM requirements.

From a subjective evaluation, the preferred flaolS nay be lawer than would b~
expected (am believed). This is probably beca\Jse of the limiting effect the
juvenile velocity curve for both rairlroN am b:r'(::1tm trout has on the physical
habitat versus discharge curves.

Basej on the pre:lictro HU' s from the HQI mcxiel, a minimum flC1.V of 200 cfs
would be requested for the NPR belC1.V Glenda [Em.. '!his disd1a:r'ge was selected
because it represents the inflection IX>int on tile habitat:disd1a:r'ge curve
constructed from the HQI output. As far as a p]~ferred flC1.V is conce:rned, once
disd1a:r'ge readIes 600 cfs, HU's are greater t:haJl 80% of m3Ximum, so 600 cfs woU:ld
be requested for a preferred flC1.V.

Based on the infonnation presentOO above, a Inini1m.nn flaw recommo..ndation of
200 cfs would be requestOO for release at Glerrlo r:sm on a year-rouoo basis to
provide the habitat necessary to nBintain trout populations in the dawnstream
river reach.

Identifying a ~ific target for a preferrE3d flo..l is not as easy. '!he
possible flo..l recOImnendations basa:l on the preSE~ted infonnation range from 300
cis (mAOOIM -adult and juvenile b~ trout) 1:0 1,000 cis (HQI -maxi1m.m1
attainable HU's). Using the transect channel m)rpholCXjY and hydraulic data, a
habitat retention analysis was conductErl in hop~ of better quantifying a
preferre:i flo..l. For this the ~FD's standard CJriteria on depth, velocity and
wetted peri11leter were used (Vogt 1991). All three criteria were met at a
discharge of 600 cfs. 'Ibis flo..l is equal to thE?' suggeste:i preferred flo..l from
the HQI, and would therefore be the reconm1ende:i preferre:i flo..l for the NPR belatl
Glendo Dam.
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Limiting Fac:tors

So far, the basis of this report has been the relation between discbarge and
habitat in the NPRjGlerrlo study area. Haotlever, there are several other "factors"
which may limit the prOOuctivity of the fishery; spatially, teJ1lpOrally or
otherwise. Provided belaotl is a brief discussion on a few of the nnre obviousfactors.

One obse.1:Vation m3.de at the study site and throughout the NPR/Glendo study
area concerns the PJOr quality of streambed gravels. '!his is of particular
ilTIPOrtance in riffle areas where focxi production and spawning/ incubation take
place. Although there are gravels present, tlley are heavily imbedded with fine
sedilnents and sarx1. With the regulation of the do;.mstream river by Glendo D:ml,
the typical peak flC1.olS which would no:rnlally flush the sedillent build-up from the
gravel bed no longer occurs. '!he consequence t~as been that the riffle areas are
much less able to provide habitat for focxi prcxiuction and reproduction than could
be possible with a regular flushing event. HONever, it should be noted that
historically the North Platte River in this area was a very silty, wa1:1n river;
and would not have supported a cold-water fishery.

Alo~ these same lines is the re:3.uction in side channel and backwater
habitats alo~ the NPR. 'nlis is evident in touring the river and from old aerial
photos am maps. 'nle reason is the same as discussed above; sediment loading due
to the removal of peak flC1l.1S from the hy~ph. 'nlis has allOlled encroachment
processes to take place and reduce or eliminate available side channel and
backwater areas. 'nle result is a loss in the amount of habitat typically
important to f:ry, young-of-the-year, and certaj~n species of forage fish.

Temperature nay also limit trout production in this stretch of river.
Limited temperature data iIrlicate that sunurer temperatures approach levels
intolerable, and at tines lethal, to trout. '!he overall extent of this problem
and role it nay play in limiting trout production is not kna.-m. Ha.vever, it IlRlst
be consideroo when evaluating trout habitat.

OONCIDSION,S

FollC7t/ling is an abbreviatOO list of study conclusions and perceived
additional data needs for the NPRjGlendo study.

1.

Under the present flow regime, both winter and Sunmler flC1.oJS limit troutprcxiuction.

Any significant mcxjification of the St[rnmer flC1-ll regline to enhance
fisheries can not be expected due to clC1.-JnStream water demands.

2.

with the mcxtified flC7.'l re:Jime of a minimum release of 25 cfs during tl1e
winter months, a negligible increase in adult/juvenile habitat will
occur.

3.

Secondary benefits (i.e. focrl prcrluction, over wintering) from the
increased winter flC1.YS nay provide a benefit to the aquatic system.

4.
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5.

A discharge of 200 cfs is needed befove significant benefits in terns of
physical adult trout habitat will ocx::ur.

6. Additional transect data should be col:lectOO at a minimum of two riffle
habitats to better define habitat-discJ:1a:rge relationships at lC1ll flC1llS.

7.

A study should be initiatei to assess i~ quantify flushing flail and
dominant flail needs for the NPRjGlerrlo study reach.
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ApperrlixA

SUitability Olrve sets Usffi in the R1ysical Habitat SinnIlation
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