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Proof of Beneficial Use for Teton River (Permit No. 22-7369)

The Teton River originates on the west slope of the Teton Mountains and ultimately
drains nearly 900 square miles to its confluence with the Henrys Fork near Rexburg. The
primary game fish species found in the Teton River include Yellowstone cutthroat

(Oncorhynchus clarki bouvieri) and rainbow trout (O. mykiss).

In 1981, Idaho Department of Fish and Game (IDFG) petitioned the Idaho Water
Resource Board (IWRB) to file an application for a 106 cfs instream flow water right on
a nine-mile reach of the Teton River to maintain important trout habitat. The instream
flow reach extends from the confluence with Bitch Creek upstream through a canyon to
the Highway 33 Bridge crossing. Data from a single study site, approximately one-mile
downstream of the Highway 33 Bridge, were used to model habitat in the nine-mile
reach. The study site was located in a broad, open valley, but while evidence presented at
the hearing demonstrated 106 cfs met the minimum needs of the river in the valley
setting, the stream channel in the canyon reach was not sufficiently similar to the channel
in the valley to adequately model fish habitat in the canyon reach. The Memorandum
Decision and Order (MDO), issued December 4, 1989, required an additional study to
determine whether the requested flow of 106 cfs was indeed a minimum flow needed to

protect fish habitat in the canyon reach.

In the early 1970s, researchers from the Idaho Cooperative Fishery Research Unit
conducted a study of the impacts of potential irrigation water withdrawals on the canyon
reach of the Teton River (White, 1976). One of the primary study objectives was to
relate the changes in stream depth and velocity associated with variable flows to changes
in fish habitat. Their study area overlaps the canyon reach of the instream flow permit

and the results of their study are presented here to fulfill the requirements of the MDO.

White (1976) measured physical habitat parameters (velocity and depth) at known
discharges on eight transects in the upper canyon area (Figure 1) and predicted physical

habitat characteristics (cross sectional area, wetted perimeter, velocity, and depth) at



flows ranging from 50 cfs to approximately 400 cfs using the U. S. Forest Service R-2
Cross model (Table 1).

Velocity, depth, and instream cover have long been recognized as essential elements of
fish habitat. Cover provides a means of predator avoidance and velocity shelters for
resting habitat for fish. Cover can be provided by undercut banks, overhanging
vegetation, submerged rocks or vegetation, water turbulence, and water depth. In the
canyon reach of the Teton River, White observed only moderate amounts of overhanging
stream side vegetation and essentially no undercut banks; large wood was also lacking.
Bottom substrate was predominantly rubble and boulders. Since adult trout would
normally seek out pool habitat (with corresponding lower velocities) where it was
available, White did not believe velocity would be a limiting factor for trout in the study
reach as flows declined. Rather, he suggested that trout populations would become
limited by reductions in cover, which in the canyon reach of the Teton River is primarily

in the form of water depth.

Based on a review of the literature, White suggested the carrying capacity of a strecam,
(defined as the maximum natural capability of habitats to produce and support aquatic
organisms on a long-term, sustained basis) with sufficient over-wintering habitat and a
relatively unaltered discharge regime, is set during the lowest flow period of the growing
season. For the Teton River, this would be the month of September. He further
postulated the trout population of the Teton River study area was likely adapted to a flow
regime equal to the average daily flow for this low flow period and that habitat is at
100% (i.e., maximum available or “optimum”) at that flow. White reported the average
daily flow for September during the time he conducted his study was approximately 350
cfs. Based on these assumptions, we related the White’s predicted habitat changes to
known ecological requirements of rainbow and cutthroat trout (Table 2) to determine if

the requested flow would be considered a minimum flow for the canyon reach.

From the values in Table 1, as flows decline from “optimum” flow levels (=350 cfs) to

flows near the 106 cfs requested, the predicted velocities and depth decline as well.



Velocity, as suggested by White, does not appear to drop out of the “optimum” range for
either rainbow or cutthroat trout adults or juveniles (Table 2) and would not be expected
to limit trout habitat. Depth, however, is predicted to decline significantly as discharge
decreases below the average daily flow quantity. The predicted depths are 45-50% less at
flows near 100 cfs than at the “optimum” flow and are outside the range of “optimum”
depths reported for rainbow and cutthroat trout (with the exception of rainbow trout

juveniles).

The suggested flow of 106 cfs is capable of being maintained. While there are no long
term gages are present within the reach modeled stream flows and a long term gage
approximately 6.5 miles above the reach suggest that a flow of 106cfs will be exceeded
90% — 99% of the time (Figures 2 and 3).

Based on this analysis, we conclude the requested flow of 106 cfs for the entire nine-mile
reach of the Teton River covered by permit no, 22-7369, is not an “optimum”, rather a

minimum flow amount that meets the requirements under 42-1503(d) and the MDO.
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Table 1. Comparison of predicted changes in selected physical parameters of
representative transects at predicted flows within the study area, Teton River. (Adapted
from White, 1976). Highlighted cells represent predicted physical parameters closest to

requested instream amount of 106 cfs.

TRANSECT | FLOW | MEAN | MEAN
NUMBER | (CFS) | VELOCITY | DEPTH
(FPS) (FT)

401 408 24 1.39
198 1.6 1.02

98 1.1 0.7

50 0.7 0.55

501 395 22 1.56
215 1.6 121

97 1.0 0.85

56 0.8 0.68

601 382 23 1.55
211 1.7 1.18

o8 12 0.87

61 0.9 0.68

705 367 2.3 1.68
208 1.7 1.28

96 12 0.91

58 0.9 0.72

805 370 25 1.51
208 1.9 1.18

100 1.4 0.86

60 1.1 0.70




Table 2. Literature values for “optimum” velocity and depth for rainbow trout

(Oncorhynchus mykiss) and Yellowstone cutthroat trout (O. clarki bouvieri). Based on

Bovee, 1978; Raleigh et al., 1984; and Cochnauer and Elms-Cockrum, 1986.

SPECIES LIFE STAGE VELOCITY (FPS) DEPTH (FT)

Rainbow Adult 0.7-2.0 1.5-2.0
Juvenile 0.4-1.4 0.5-2.0

Cutthroat Adult 0.75-1.75 1.2
Juvenile 0.6-1.8 >1.2

Teton River Canyon Reach: StreamStats Modeled Exceedence Flows
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Figure 2: Teton River StreamStats modeled flows. Source:

(http://streamstats.usgs.gov/idstreamstats/)




Teton River USGS Gage 1305220:
3000 Above South Leigh Creek Near Driggs, ID
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Figure 3: Gage data (1961-2003) from the Teton River above minimum instream flow
reach (http://waterdata.usgs.gov) supports that a flow of 106¢fs is capable of being
maintained 95% to 99% of the time. Flows in the minimum flow reach would most
likely be greater than the depicted flows due to inflows from tributaries between the gage

and the minimum flow reach.



jg

m!t W "W

'7! J
ﬁV
Y -‘-.ﬂ 'Tﬂﬁ:...,

;‘m}w o

i U \M,n, - .r
(” mﬁ :”%'ﬁ

‘l‘r 'r

. I’-!'41 h.fw ol | l" l aa,f'{
- ' Tk Wi i

. - Ill 1||igp Jﬂl*r\p . ”i? e

and Range Sciences

.;._,M; 1“ *
PREDICTED EFFECTS OF WATER WITHDRAWAL

ON THE
FISH POPULATIONS OF THE TETON RIVER,

IDAHO

by

Robert G. White
Idaho Cocperative Fishery Research Unit

1976 )
) l?orest Wlldllfe and Range
l\ | _Experlment Station
University

ofldaho

?J.“{H @ College of Forestry, Wildiife



TR L a

 am i e

S P
e~ r L
D oS Wit i e o s P aity

e

Completion Report
to

U.S. Bureau of Reclamation
Boise, Idaho

PREDICTED EFFECTS OF WATER WITHDRAWAL
ON THE
FISH POPULATIONS OF THE TETON RIVER, IDAHO

by

Robert G. White
Idaho Cooperative Fishery Research Unit

1976

Contribution No. 63

Forest, Wildlife and Range Experiment Station
University of Idaho
Moscow, Idaho
83843



e

TABLE OF CONTENTS

Page

ACKNOWLEDGEMENTS « v v v « o o & o o o o o o o o o o o s o o o o ii
ABSTRACT & v & v v v v v e e e e e e e e e e e e e e e e e e e e e ddd
LIST OF TABLES . . « = « « v o o o e o o o s s o o o o o s v u o« iv
LISTOFFIGURES...-...7..._................ v
INTRODUCTION . v v v v v o e o m e m e e e m s e e e e e e e e 1
STUDY AREA . . . & & v v v v v v v s v e e m st s s e e e e e 3

METHODS. « & v i v v 4 s o e o o o s o s o s o o = o o o o o o s o 5

Physical Data . - . « ¢ v o « o o o o s o 5 o o = « 2 « s o o 7
Biological Data . . « & ¢ v « v o o o o o w & = 4 4 4 4 e .o 7
Historical Streamflow Data . + . « & & « & & o o. ¢ o & & o o 7
Data Analysis o & « v v 4 4 s 4 s a a r a e e e e e e e e 8

RESULTS. © v ¢ 4 4 4 v 6 4 v 4 o o o 1 & s o o o » s o 2 o s = s 8

Predicted Hydrologic Parameters . « « « « 4 o s o o« « = « o 2 11
Fish and Aquatic Insect Populations . . . . . « « . . . . . .+ . 17
Historical Flow Analysis . . ¢ v v ¢« o o« v v = o « « » « = « . 18

DISCUSSION . . . & & & & & v 4 e v v e v e s w e 0 e e e e s e 23
LITERATURE CITED . . . + + ¢ &« + = = & & « a o o = o o o o o o« = 37

APPENDICES

Appendix 1. Teton River mean and minimum filows, June~
September, for the period of record . . « . « ¢« « « « + « . 40
Appendix 2. Use of the Forest Service R-2 CROSS Program . . . 42

Appendix 3. Summary of predicted changes in physical
parameters for five representative transects within the

irrigation withdrawal study area, Tetom River. . . . . . . . 46



ACKNOWLEDGEMENTS

Funds for conducting this study were provided by the U. S. Bureau
of Reclamation. Special recognition is made to Mr. Edward Chrisp who
conducted the field work and summarized data and tc Mr. Tom Vogel who
aided in field data collection. Recognition also goes to: Dr. George
Belt, University of Idaho, who aided in preliminary data analyses; Mr.
Harold Brush, Hydrologist, BOR, for his help in data analyses using the
Bureau's Water Surface Profile model and computer facilities; Mr. Al
Isaacson, U. S. Forest Service, for his help with the Forest Service R-2
Cross method of analysis; and especially to Mr. Lee Silvey and staff,

U. 5. Forest Service, for running our data on the Forest Service computer
using the R-2 Cross model. Other persons contributing to the study were
Dr. Ted Bjornn, Mr. John Irving, Mr. Steve Elle, and Mr. Mike Todd. The
review of the draft report by Mr. Lauren Hampton, Bureau of Reclamation,
was appreciated. Mrs. Ann Frounfelker and Dr. Jim Chacko drafted the

figures and Mrs. Verabel Abbott typed the manuscript.

ii



Bw e

ABSTRACT

The primary objective of this study ﬁas to predict the effect on the
fish population of proposed reductions in discharge which would result
from irrigation withdrawal in a section of the Teton River, Idaho. Physical
parameters were measured in representative habitats at known discharge and
a predictive model was used to evaluate changes in habitat at reduced
flows. Predicted changes in habitat were related to habitat requirements
of aquatic insects and of rainbow trout.

The rlver channel in the study section was well defined, rectangular
— e

shaped and made up of rlffle-run . type habitat Wlth essentlally o pools and

mlnlmal overhanglng stream51de vegetation. The most abundant cover was the

predomlnant rubble—boulder substrate in association with preferred depth

_HiEE~£gggggg_dfsch§rge _predlcted changes in_depth and velocity over
riffles were within the reporteo“;enge of good aquatic insect habitat and
wetted perimeter remained nearly constant. Therefore, aquatic insect pro-
duction was not considered an 1mpoff;nt llmltnng factor for the rainbow
trout population in the study area. .

Predicted velocities in runs were found to be in the acceptable range =
for rainbow trout but as depth decreased with flow reduction, the amount
of habitat with reported acceptable depth was reduced. It was hypothesized
that the rainbow trout population in the study area would first be limited
by decreases in cover, in the form of depth and that this decrease in cover
could be related to decrease in the rainbow population. Based upon pre-
dicted changes in depth with reductions in discharge, a fish—-cover-discharge
relationship was developed for application to the study area. A general
theoretical relationship between fish abundance and/or biomass in run-riffle
and pool-riffle channels was discussed.

In evaluating effects of proposed irrigation withdrawal from the study
section of the Teton River, it was concluded that in an average water year
the effect of water withdrawal on the rainbow trout population would be

mlnlmal prior to early August, but that the fish population would theoreti-
cally be reduced by 16 to 54 percent during the remainder of the 1rr1éefion
season. During low water years, when the fish population would theoreti-
cally decrease naturally, the effects of irrigation withdrawal would be more

severe.

iii
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INTRODUCTION

With man's ever increasing demand upon water resources for domestic,
industrial, and irrigation uses, the problem of reduced_discharge is

becoming critical for many streams in northwestern United States. Biolo-

gists and managers are under increaslng pressure to provide information

T ey v 1 e -

/'_—‘—"/——'—-"—"_‘——'"———"———L-
on how much water is needed to meet the ecologlcal requirements of fish

—_— PR .

U I T

spec1es and what is lost in terms of fish numbers or biomass at various

[N PRSI —

{ncrements of reduced dlscharge.
————————— e e e
Biological changes which result from alteration of in-stream flows

are difficult to predict. This predictive difficulty arises from the
many interactions which occur in the aquatic environment and the relation-
ship of these interactions, both physical and biological, to a particular
flow regime. However, wheo a water developmeﬁt project, such as an irri-
gation diversion, is proposed for a stream it is important to be able
to predict its impact upon the fishery resource. Considerabie interest
in in-stream flow needs has been generated in the past few years but
methodologies and information to determine stream resource maintenance
flows are not well developed.

Methodologies span the range from those which are basically subjective,
relying upon little or no field data, to ones based upon in-depth quanti-
fication of a number of variables which can be related to the ecological

requirements of fish species. Most field oriented approaches are based

upon field observations made at several increments of reduced discharge,

mmiee LS

occurrlng_naturally or controlled by a dam or diver51on. This approach

is probably the most satisfactory if a realistic range of flows can be

evaluated. However, in a situation like the Teton River, in which there

was not opportunity to observe the river and fish populations at the smaller

discharges that would result from water withdrawals for irrigation, we had

to use other approaches to estimate the impacts of the reduced flows.
Recently, two predictive approaches have been proposed (Anonymous 1974

white 1975). The basic distinction between these methodologies and those

previously used is the predictive component. From one set of field observa-

—————— e

tions, channel morphology and hydraullc characterlstlcs are predicted for
’_,___—__-”‘_‘ —_-__-—
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various 1ncrements of reduced stage ox dlscharge.
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Prediction of the effects of a proposed flow regime on a fish popula-

tion requires an understanding of habitat requlrements of the species at

each stage of its life hlstory (spawnlng, 1ncubation, and rearing) The

S = — \

most critical problem with m making this prediction is that of relating the
physical characteristics of the stream to the ecological requirements of
the fish. Despite voluminous literature dealing with the life Histories
of fishes, comparatively little data is available on specific ecological
requirements. Many studies have described food habits and the general
habitat occupied by a particular species but few have ascertained the
specific physical habitat requirements {such as depth and velocity) of
‘the species or its food organisms. Knowledge of instream flow requirements
of salmonid species is the most advanced, but even in this extensively
studied group, information on rearing requirements is limited. Numerous
studies have evaluated the changes in habitat associated with reductions
in discharge, but to the author's knowledge only two have directly related
habitat changes to the response of a fish population in terms of biomass
and numbers (Kraft 1968, 1972; Nichelson 1976).

Recognizing the limitations but responding to the need for estimating
the effects of water withdrawal on the fish population of the Teton River,
this study was undertaken. The fishery resources of the Teton River drain-
age are valuable to a large number of recreationists. The recently completed
Teton Dam will impound a 17-mile (27.4 km) stretch of the Teton River. 1In
addition there are applications for irrigation withdrawal permits of more
than 120 cfs (3.36 cu m/sec) from the free flowing river immediately above
the impounded area. This study was an attempt to estimate the effects of
various increments of reduced discharge on the fish population in this portion
of the river. The objectives were:

1. To determine the morphometry of the channel of the Teton
River from the point of water withdrawal downstream to -
the mouth of Bitch Creek.

2. To determine the velocity, depth, and area wetted along
selected transect lines across the river at the range of
flows present in 1974 and at projected flows with water
withdrawal.

3. To assess the fish and insect populations present in
section of river to be affected by water withdrawal.
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4, To relate the changes in stream depth, velocity, and
wetted area with reduced flows to changes in fish and
insect populations and estimate the impact of projected
flows on fish and insect abundance in the study section
of the river.

STUDY AREA

The Teton River irrigation withdrawal study area begins about 1 mile
(1.6 km) below highway 33 bridge at the mouth of Eeton Canxpn, (Section 15,
Tetonia quadrangle) and extends downstream for,ﬁfﬁ/mlles "km) - to the
confluence of the Teton River with Bitch Creek (Figure 1), Above the study
area the river meanders through a broad flood plain, draining an area of
about 335 square miles (868 sq km). The surrounding land is intensively
developed4;ggUagriculture wrth irrigation diversion above the study‘area
of about.AZTOOO acres (1699.7 hectares) of which about 1,000 acres (404.7
hectares) are by withdrawals from ground water.

Throughout the study area, the river is confined within the Teton

Canyoil. Depth of the steep~walled canyon becomes progre551vely greater

and the channel Narrows 4s one moves downstream The channel is relatively

stralght Wlth a rectangular shape; bottom materlals are predominantly rubble

and boulder. There is only a moderate amount of overhanglng stream side

. —mi e e

vegetatlon and essentlally no undercut banks‘ rlffles and runs are the

predOmlnant habltat types. AThe upper 3 mlles (4 8 km) of the study section

had Wldths ranglng from 110 to 130 ft (33.5 to 39.6 m) at a discharge of
approximately 520 cfs (l4.7_eu_glsec). The flow system in this portion of
the river has no man-made oontrols except for irrigation diversion from the
tributaries.

Streamflow in the Teton River usually reaches a minimum in January and
peaks in June (discharge records from United States Geological Survey (USGS)
Gauge Station near Tetonia, Idaho, located a short distance above the study
area and from USGS Gauge Station 1305220 on the Teton River upstream from
South Leigh Creek, 4 miles above the study area). The maximum recorded

daily discharge of 2,270 cfs (64.3 cu m/sec) occurred June 18, 19, 1974 and

the minimum daily discharge of 62 cfs (1.7 cu m/sec) on January 16, 17, 1943.

N



% mile
— ]
kilometer

1iting

The average daily flow for the period of record (32 years, 1930 to 1974,
discontinuous) is 395 cfs (11.1 cu m/sec) as compared to 407 cfs (11.4 cu m/sec)
for the most recent 13 years (1961-1974). ¥For the irrigation season, June-
September, the average daily flow for the period of record is 559 cfs (15.6 cu
m/sec), a flow which is equaled or exceeded 37 percent of the time (Figure 2).
During this same period the minimum flow was 100 cfs (2.8 cu m/sec) September 21,
1934 with a maximum of 2,270 cfs (64.3 cu m/sec) June 18, 19, 1974 (Appendix 1).

September flows are the lowest encountered by the fish population during
the irrigation season. Mean flow for September for the period of record is
356 cfs (9.97 cu m/sec) while mean minimum flow for September is 317.5 cis

(8.9 cu m/sec) {Appendix 1).
METHODS

We approached the problem of predicting effects of irrigation withdrawal
upon the fishery resource of the Teton River by: 1) measuring physical para-
meters in the field, 2) predicting physical habitat available at reduced
flows, and 3) relating predicted habitat changes to known ecological require-

ments of fish and invertebrate populations and then estimating the response

" of fish populations to the reduced discharge.

Sample Sites:

After a reconnaissance of the study area we selected eight sites which
we congidered representative of the habitat present; four in the upper canyon
and four in the lower canyon (Figure 1). Sampling sites in the lower canyon
had velocities and/or depths which precluded making physical measurements.
We therefore concentrated our efforts in the upper section by selecting four
additional study sites. Because of channel configuration, it was assumed
that fish populations in the narrow, deeper zone of the lower canyom would be
less affected by flow reduction than fish in the more shallow and wider upper
canyon area. Two sets of field observations were taken; one in August, 520 cfs
(14.6 cu m/sec) -and one in September, 380 cfs (10.6 cu m/sec), 1974, so we could
compare actual measured habitat changes with predicted changes using a computer
model. 7

Sample sites were 160 ft (48.8 m) in length and consisted of five transects
at 40 ft (12.2 m) intervals. Transects were established perpendicular to the

thalweg and were permanently marked with wooden stakes.
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Physical Data:

We made physical measurements at 3 ft (0.9 m) intervals along a marked
rope stretched across the river at each tramsect location. We measured
velocity along the transect with a current meter at 0.6 depth. In transects
2, 3, and 4, at each site, velocity measurements were made at 6 ft (L.8 m)
intervals except near shore. Depth was measured to the nearest 0.01 ft
(0.003 m) with a stadia rod at 3 ft (0.9 m) intervals in all tramsects.

A plane table map was drawn of each study site. Photographs were also
taken of each study section at the time of cross-sectional measurement.

Predominént substrate type and location of aquatic vegetation were
recorded for each 3 ft (0.9 m) interval. Catagorization of substrate was
as follows:

Silt-sand < 0. 1 inch (0.25 cm)

Gravel 0.1-2.9 inches (0.25-7.4 cm)
Cobble 3.0-5.9 inches (7.6-15.0 cm)
Rubble 6.0-12 inches (15.2-30.5 cm)

Boulder > 12 inches (30.5 cm)

Biological Data:

Distribution and relative abundance of aquatic invertebrates was deter-
mined from seven bottom samples (Hess Sampler) taken along transect 5 in each
of sections 2, 4, 6, and 7. Bottom samples were taken on both sides of the
channel immediately next to shore (4 samples) and at the point where the first
major change in substrate was observed (2 samples). In addition, one sample
was taken at the approximate mid point of the channel. Depth, velocity, and
substrate composition were recorded at each sampling site. Aquatic insects
were picked, classified to family, and enumerated in terms of numbers and
volume.

Fish samples were collected by electrofishing and angling. Each specimen
was identified and total length recorded. G€reel-census information, collected

in an on-going angler use and attitude study, was also utilized.
Historical Streamflow Data:

Historical streamflow data were obtained from USGS records (1930-32, 1934,

1941-56, 1962-1973) and used in flow duration and recurrence flow analysis.
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Data Analysis: Rive

Due to unavailability of techniques to predict'point velocities with (ave

decreased flows, it was not possible to develop depth-velocity contour

maps of each study area as originally planned. Since channel configuration Tran
' numb

and mean hydraulie characteristics of each transect within a study site
were similar, one transéct from each of five sites was selected for final 40
analysis. We considered these transects representative of the habitat
present in the entire upper canyon study-area.

Transect data were analyzed by the Forest Service R-2 "Cross" computer
program designed to calculate a series of hydrologic parameters from transect
field data (collected by the sag-tape method) and Manning's formula for
stream discharge. The program produces a computer plot of the measured
cross section and computes stream discharge, average flow velocity, wetted
perimeter, cross-sectional area, maximum water depth, and hydraulic radius
for the actual streamflow at the time of measurement as well as for various
selected water stages (Anonymous 1974).

Data input included tape weight, tape tension, distance from high water
line to observed water line and to each depth reading, depths, width, slope, 501
and roughness coefficient. Although we used survey techmiques for collecting
transect data,we were able to use the program by using minimum tape weight
{(.0001 1bs) and maximum tape temsion (99.9 1bs). In addition to these data
it is also necessary to have an accurate measurement of discharge, taken at
the time of cross-section measurement. Discharge and transect data are used

T

to refine the estimated Manning's "n" value. For a more detailed account of

the use of the R-2 "Cross" program see Appendix 2.

RESULTS

Predicted values for seleet physical parameters at each transect at each
discharge level, expressed as percentage of the value obtained at the predicted
flow nearest 100 percent of the average daily flow (ADF), are summarized in 601
Table 1; predicted values of all physical parameters studied are summarized
in Appendix 3. Predicted flows nearest the ADF were selected so we would
have a common reference point for making comparisons. Although we planned
to compare predicted with observed values at two flow regimes, we were unable
to do so due to the method of amalysis. However, Forest Service hydrologists

have tested the model and it has proven to give reliable predictions in riffle-

Tun type channels.
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Table 1 . Compar’ on of predicted changes in phys 1 parameters of five
representative tir sects within the irrigation wit..rawal study area, Teton
River, expressed as percentage of the predlcted flow nearest 407 cfs
(average daily flow),

Percentage Cross :
Transect average Sectional Wetted Mean
- number daily flow Flow Area Perimeter Velocity depth
401 ' 100 408 100 100 100 100
| .50 (0.0 (0.65) (0.52)
49 198 72.3  99.2 . 66.7 73.4
(0.86) (0.15) (0.74) - (0.81)
32 129 58.8 96.7 54.2 59.7
(0.91) (0.00) (1.11) (1.22)
24 98 50.9 96.7 45.8 50.4
(1.05) (0.13) (0.67) (0.59)
18 | 74 44.5 95.9 41.7 46.8
(L.21)  (0.00) (2.19) (1.26)
12 50 37.6 95.9 29.2 0 39.6
501 97 395 100 100 100 100
(0.53) (0.02) (0.60) (0.49)
53 215 75.7 99.1 72.7 77.6
‘ (0.75) (0.00) 0.80) (0.72)
36 148 63.0 99.1 59.1 65.4
(0.94) (0.20)  (1.05) (0.84)
24 97 50.8 96.5 45.5 54.5
| (1.02) (0.50) (0.85) (0.94)
19 76 45.3 93.8 40.9 49 .4 -
(1.22) (0.18) (0.80) (1.16)
14 56 39.2 92.9 36.4 43.6
601 94 382 100 100 100 100
(0.58) (0.08) (0.58) (0.53)
52 211 74.1 96.4 73.9 76.1
(0.68) (0.00) (0.95) (0.66)
35 141 61.7 96.4 56.5 64.5"
(0.99) (0.73) (0.38) - (0.75)
21 98 50.6 88.2 52.2 . 56.1
(1.27) (0.57) (1.35) (1.25)
15 61 38.2 82.7 39.1 43.9
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Table 1 . (Continued)

Percentage - Cross .

Transect average Sectional Wetted -Mean
number daily flow Flow Area Perimeter Velocity depth
705 90 367 100 100 100 100

(0.58) (0.04) (0.60) (0.53)

51 208 74.8 98.1 73.9 76.2

(0.67) (0.02) (0.77) (0.63)

36 146 63.5 97.7 60.9 65.5

(0.83) (0.03) (0.63) (0.83)

24 96 52.2 97.3 52.2 54.2

(1.09) (0.00) (1.26) (1.09)

14 58 40.9 97.3 39.1 : 42.9
805 91 370 100 100 100 100

(0.58)  (0.14) (0.55) (0.50)

51 208 74.5 93.8 76.0 78.1

(0.87) (0.61) (0.53) (0.61)

37 152 61.4 - 84.5 68.0 68.9

(0.83) (0.00) (0.85) (0.84)

25 100 49.7 84.5 56.0 57.0

(1.02) (0.29) (1.11) (0.98)

15 60 38.6 8l.4 44 .0 46.0

l-/V'alue in parenthesis is ratio of percentage parameter decrease to percentage
flow decrease.
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Predicted Hydrologic Parameters:

Predicted velocity and cross sectional area were the parameters most
critically influenced by reduced discharge in each transect. These data

agree with empirical findings of Kraft (1968), McClay (1968), Banks et al.

) (1973), and Wesche (1973, 1974). At the five transects analyzed, mean
2 velocity and cross sectional area decreased 62.4 and 61.1 percent res-
) i pectively from 94.4 percent {384 cfs (10.87 cu m/sec)) to 14 percent
5 ? (57 cfs (1.6l cu m/sec)! average daily flow (ADF) (Table 2, Figure 3).
) At 14 percent ADF, mean transect depth was reduced 56.8 percent from the
2 : 94.4 mean percent ADF level. Least affected by dewatering was wetted
N ; perimeter with a mean reduction of Only 10 percent at low flow (Table 2,
§ Figure 3). Changes in physical morphology with reductions in discharge
t are best visualized by examining changes associated with flow reductions
? at one transect (Figure 4). Due to the rectangular shape of the channel,
) % it is readily evident why changes in wetted perimeter and surface width
1 é are small with large reductions in discharge.
L) ] : Hydraulic parameters did not decrease at a constant rate between dis-—
.9 . charge levels (Figure 3). The largest decrease in physical parameters
) : for the means of all tramsects combined per unit flow reduction occurred
.0 ? between 23.6 percent and 14 percent ADF (Table 2). Although these results
8) ; are similar to those reported by Wesche (1973, 1974), the change in rate
.0 ) of habitat loss below 23.6 percent ADF was not as large. 7
- : Although the R 2 "Cross" model does not predict point changes in depth,
Atage : calculations of hydrologic parameters are based upon a particular water stage,

thus making it possible to evaluate point changes in depth by manipulating

% observed depth values. Mean depth at each transect at all predicted flows
differed a maximum of only 0.35 ft (0.11 m) (Figure 5). The percentage of
surface area with depth > 1.5 ft (0.46 m) decreased from 64 percent of the
area at 94 percent ADF to 2.4 percent at 23 percent ADF and no area > 1.5
(0.46 m) in depth was present at 14 percent ADF. Percent of depth <0.5 ft
(0.15 m) and 0.5-0.99 ft (0.15-0.30 m) increased in a similar pattern to the
decrease in depth of water > 1.5 ft (0.46 m); the percentage of the surface

area 1.0-1.49 feet in depth (0.30-0.45 m) first increased and then decreased
(Figure 6).
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Table 2. Comparison of mean predicted changes in physical parameters of five
representative transects within the irrigation withdrawal study area, Teton

River, expressed as percentage of the va

nearest 407 cfs (average daily flow).

lue obtained at the predicted flow

Mean percent Cross
average daily Mean sectional Wetted Mean
flow flow area perimeter Velocity depth
94.4 384.2 100 100 100 100
©.59%  (0.06) (0.63) (0.55)
51.2 208.4 74.3 97.3 72.6 76.3
(0.74) (0.14) (0.76) (0.68)
35.2 143.3 61.7 94.9 59.7 64.8
(0.94) (0.20) (0.81) (0.90)
23.6 96.0 50.8 92.6 50.3 54.4
(1.24) (0.27) (1.32) (1.17)
14.0 57.0 38.9 90.0 37.6 43.2

i/Value in parenthesis is ratio of

flow decrease.
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Fish and Aquatic Insect Populations:

By anpgling and electrofishing in the irrigation withdrawal study area

we found the relative abundance of trout species to be as follows:

Total Relative

Species number abundance
Rainbow trout (Salmo gairdmeri) 220 76.2%
Brook trout (Salvelinus fontinalis) 45 15.5%
Cutthroat trout (Salmo clarki) 24 8.3%

All trout collected were larger than 6 inches (15.2 mm) total length.

Mountain whitefish (Prosopium williamsoni) were not present in the angler

catch but made up 68.3 percent of the electrofishing catch. Irving, Elle
and Bjornn (1975) found mountain whitefish to be the most abundant species
in all sections of the Teton River sampled, including the irrigation with-

drawal study area. Small numbers of redside shiner (Richardsomius balteatus)

and suckers (Catostomus sp.) were also collected.

Aquatic insect abundance varied considerably between transects, but
sample size was too small to determine if variation was real or an artifact
of sampling procedure. Numbers and volume of aquatic insects collected
typically were small next to shore; maximum in samples taken at the point
of first major change in the physical character of the channel and inter-
mediate in mid-channel samples. Needham (1934) and Needham and Usinger (1956)
report similar distribution in large streams. % In general, maximum number of
aquatic insects was associated with water deeper than 1.5 ft (0.46 m) and
velocities faster than 1.0 ft/sec (0.6 m/sec). However, other variables were
interacting as evidenced by physical conditions at mid-chaonel (where insect
abundance was intermediate) being similar to those of the maximum abundance
area. Total abundance of aquatic insects showed a progressive decrease between
transects sampled from the upstream to downstream sites.

Aquatic insect families found in the study area in order of relative
abundance were Trichoptera (70.5%), Colecptera (8.9%), Ephemeroptera (7.7%),
Diptera (7.5%), Plecoptera (4.9%), and Hemiptera (0.5%).

17



Historical Flow Analysis:

Recurrence intervals based on mean flows for (a) the entire irrigation
season, Jjune-September, (b) each month of the irrigation season and (c¢) la-—-
day mean flows through the irrigation season, were determined from histori-—
cal flow data for the 31 year period of record. Evaluation of these data
provide some insight into how often a particular flow condition may reoccur.
1t is important to point out, however, that "recurrence interval" is a
statistical term and is not analogous to a timetable; a recurrence interval
of 20 years does not mean that every 20 years a mean flow of a particular
magnitude will occut. It simply means that on an average intefval of 20
years over a long period of time, a flow equal to or less than the one
specified will occur (Kazmann, 1972). .

The probabilities that at least one flow will occur, which equals or
is less than a particular recurrence interval flow, were calculated for the
period of record by the method described by Linsley and Franzini (1964)

(Table 3). These show, for example, that there are four chances in 10 that
a 20-year mean flow (or less) will occur in any 10 year period and even a
26 percent chance that a 30 year mean flow will occur in the 10 years. On
the other hand, there are 29 chances in 100 that the 30-year mean flow wili
not occur in any 25-year period.

Taking all months of the irrigation season collectively, flows of 370 cfs
(10.47 cu m/sec) (91% ADF), 200 cfs (5.66 cu m/sec) (49% ADF), and 140 cfs
(3.96 cu m/sec) (34% ADF) have recurrence intervals of 1, 6, and 11 years
respectively (Figure 7). Effects of various increments of reduced discharge
on the recurrence interval are depicted. Since low flows normally do nét occur
4in June or July, recurrence interval plots were also constructed fof each month
of the irrigation season. These data provide information, by month, on re-
currence of a particular mean discharge. For example, the recurrence interval
for a mean flow of 300 cfs (8.4 cu m/sec) or less is approximately 11, 11,
9.5, and 4.5 years for Jume, July, August and September, respectively (Fig-
ures 8-11).

Although fish populations may not be adversely affected by low flows of
short duration {less than one week), extended exposure to low flow conditions
may result in population reduction. The question is, how long can a fish

population be subjected to a low flow without being affected? Although we

18
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Recurrence intervals of mean monthly flows, June-

September for the 31 year period of record, 1930-1973 (incomplete),
and how these intervals would be affected by reductions in discharge.
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Figure 8. Recurrence intervals of mean monthly flows for June,
for the 31 year period of record 1930-1973 (incomplete), and how
these intervals would be affected by reductions in discharge.
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Figure 9. Recurrence intervals of mean monthly flows for July,
for the 31 year period of record 1930-1973 (incomplete}, and how
these intervals would be affected by reductions in discharge.
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Figure 10. Recurrence intervals of mean monthly flows, for August,
for the 31 year period of record, 1930-1973 (incomplete), and how
these intervals would be affected by reductions in discharge.
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Figure 11. Recurrence intervals of mean monthly flows for September,
for the 31 year period of record 1930-1973 (incomplete), and how these
intervals would be affected by reductions in discharge.
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have little data to support it, a l4-day flow period is suspected to be a
sufficient length of time to bring about a population response. Kraft (1968,
1972) found that by reducing flows 90 percent of a base flow level, movement
of fish out of the study areca reached a peak 10 days after dewatering was
completed. Therefore, the effects of low flows on fish populations may be
realized in a shorter period of time than 14 days. Examination of the
recurrence intervals based upon l4-~day mean flows for the period of record
reveal that a mean flow of 120 cfs (3.4 cu m/seec) has a recurrence interval
of 8.5 years (Figure 12). Therefore, over a long period of time, with irri-
gation withdrawals of 120 cfs (3.4 cu m/sec), the river would be dried up

on the average of once every 8.5 years.

The l4-day recurrence interval curve is influenced by the extreme low
flows of 1931 and 1934. If these years are omitted, the recurrence intervals
are changed (Figure 12), with the recurrence interval of a 120 cfs (3.4 cu m/sec)
flow being longer than 34 years. It would be convenient to drop extremely low
flow years but since we do not have a long enough pefiod of rééord, there is
no evidence to support doing so. That is, we do not know if the 1931 and

1934 low flows were 30 year, 50 year, 100 year or longer low flow events.
DISCUSSION

The primary objective of this study was to predict the response of fish
populations in a section of the Teton River to proposed reductions in dis—
charge which would result from irrigation withdrawal. Physical parameters
were measured in the field at known discharge and a predictive model was used
to evaluate changes in habitat at reduced flows. The next step, and the most
difficult, is to relate predicted changes in habitat to probable response of
the fish populations. To do this one must consider the habitat requirements
of important fish specles at each life history stage (spawning, incubation,
and rearing) affected by discharge reduction.

During the irrigation season, June-September, the major biological activity
of rainbow trout, the dominant trout species in the study section of the Teton
River, is rearing. Rearing refers to all requirements for successfully com-
pleting the life history stages of fish species from hatching to spawning age.
For most stream fishes this includes several size and age classes. Assuming

good water quality, other important habitat requirements for rearing include
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Figure 12. Recurrence interval of mean 14 day flows, June-September,
for the 31 year period of record, 1930-1973 (incomplete), and how
recurrence intervals would be affected if extreme low flow years (1932
and 1934) were omitted.
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adequate food supply and suitable cover, both of which are influenced by
discharge. The complexity and significance of the organism-cover-discharge
relationship, although recognized, is not well understood. However, it is
not difficult to visualize reductions in flows affecting the quantity and
quality of instream and riparian cover and the production of fish food
organisms.

Cover has long been recognizédwés one of the essential elements of fish
habitat. Cover serves as a means of predator avoidance and provides areas
of moderate velocity utilized by fish as resting microhabitat (Giger 1973).
Cover for fish in streams is provided by undercut banks, overhanging vege-
tation, submerged objects, submerged vegetation, water depth, and water
turbulence.

Many studies have indicated a relationship between cover and trout
populations. Tor example, Gunderson (1966) found that brown -trout occupying
a stream section with a higher percentage of deeper water and more cover
were 27/ percent more numerous and 44 percent larger, by weight, than those
occupying a section of the same stream having less cover and shallower water.
Lewis (1969) reported that 66 percent of the variation in trout numbers
between pools in Little Prickly Pear Creek, Montana, was accounted for by
cover and current veleocity and Boussu (1954) found that the removal of under-
cut banks and brush in a stream section was followed by a decrease in trout
numbers and weight.

Cover requirements of salmonids are not easily determined. Cover needs
may vary diurnally, seasonally, by fish species, and by fish size. 1In
addition, definitions of what constitutes cover and how it is measured are
neither clear nor consistent (Giger 1973)

Types of cover available differ from stream to stream, depending upon
stream size and channel configuration. In the upper canyon area of the Teton
River, the channel is well defined, rectangular shaped, and made up of riffle-—
run type habitat with essentially no pools; overhanging streamside vegetation
is minimal. The most abundant and probably the most important cover is
provided by the predominant rubble-boulder substrate.

In examining the probable relationship between rainbow trout populations
and discharge in the study section of the Teton River, the fupdamental question

is,what will become limiting as flows are reduced? Biological criteria of
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rainbow trout for rearing are not well documented. Some data are avail-
able on microhabitat preference in terms of depth and velocity (Table 4).
Preferred microhabitat velocities of age I, 11, and IIT rainbow trout
were usually less than 1 fps (0.3 mps) and depths occupied ranged from

less than 0.5 foot (0.15 m) to a maximum of 2.6 feet (0.79 m).
' Lewis (1969) and Platts (1974) reported that rainbow trout prefer
fast water pools. Lewis found that cover was the most important factor
in accounting for the variation in brown trout numbers, while velocity was
most important for rainbow trout. Stewart (1970) found cover to be highly
correlated with density of brook trout but not rainbow. Stewart reported
that mean depth was the single most important variable in predicting abundance
of both rainbow and brook trout. Criteria of Banks et al. (1973) for trout
microhabitat requires water > 1.5 feet (0.46 m) deep with velocities of
0-0.99 fps (0-0.30 mps). Wesche (1974}, working with brown, brook and
rainbow trout, defined trout cover as instream rubble-boulder areas having
a substrate diameter of at least 0.5 foot (0.15 'm), and undercut banks with
a width of at least 0.3 foot (0.09 m) in association with water at least
0.5 foot (0.15 m) deep. Trout 6 inches (152 mm) or larger were shown to
exhibit a stronger preference for undercut banks than did smaller fish.
0f 27 rainbow trout sampled <6 inches (152 ﬁm) in length, 13 (48%) were
 collected in water > 1.5 feet (0.46 m) while 5 (19%), 6 (22%), and 3 (11%)
were collected at depths of <0.5 foot (.15 m), 0.5-0.99 foot (0.15-0.30 m)
and 1.0-1.49 feet (0.30-0.45 m), respectively; 24 (89%) rainbow were collected
at point velocities of <0.5 fps (0.15 mps). No rainbow trout >6 inches

(152 mm) in length were collected in water <0.5 foot (0.15 m) while 100. per-
cent of the 14 fish in this size group were collected at point velocities

<0.5 fps (0.15 mps); 5 (36%), 4 (29%Z), and 5 (36%) fish were collected in

the depth intervals of 0.5-0.99 foot (0.15~0.30 m), 1.0-1.49 feet (0.30-0.45 m)
and >1.5 feet (0.46 m) respectively.

Although we have no predictions of point velocity, it appears reasonable

to assume that depth will become limiting to rainbow trout in the upper

canyon area of the Teton River before velocity. Data available in the lit-
erature suggest that rainbow trout age I and older usually occupy water depths
>1.0 foot (0.30 m) with a preference for depths >1.5 feet (0.46 m).
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Food supply is the other major habitat requirement of fish that may
become limiting as a result of reduced discharge but the food production—
discharge relationship is unknown. Several studies have reported depth and
velocity eriteria for aquatic insect production. Preferred velocities range
from 0.5-4,0 fps (0.15-1.22 mps) and depth from 0.25-3.0 feet (0.08-0.91 m)
Table 5).

Table 5. Reported aquatic insect depth velocity criteria (from Stalnaker,
et al. 1976).

Preferred Velocity
(fps)

Y Rp— - Depth : Reference
Median s
2.0 0.5-3.5 Surber (1951)
2.0-3.5 Needham and
Usinger (1956)
2.0 0.5-4.0 Pearson et al.
(1970)
1.2 0.5-3.0 0.25-0.5 Kennedy (1967)
1.5-3.5 0.5 -3.0 Hooper (1973)

Another important parameter affecting agquatic insect production is
substrate. Under natural conditions rubble is usually considered the most
productive substrate type. Since rubble makes up about 50 percent of the
substrate in the study section of the Teton River, insect habitat is good.
Predicted depths and velocities at reduced discharges fall within the range
for good insect production (Appendix 3). Based upon these data, aquatic
insect production is not considered as an important limiting factor for rain-
bow trout in the study section of the Teton River at any predicted discharge
level studied.

Most studies that have been conducted in relation to the effects of
reduced discharge on fish populations have focused upon the influence of
decreasing cover. Kraft (1968, 1972) related changes in stream flow to
cover and to fish populations in runs and pools in Blacktail Creek, Montana.
He found that at 75 percent reduction in discharge {from a base flow level)
abundance of brook trout in a run was reduced by 20 percent. No fish left
the study area during the 75 percent reduced flow period, indicating a shift

from inhabiting runs to inhabiting pools. At 90 percent reduction in discharge,
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abundance of brook trout in two runs decreased 76 and 71 percent and there
was upstream movement out of the study area. Although Kraft did not
gspecifically relate changes in trout abundance to changes in fish cover
in the runs, his data indicate a reasonably good relationship between the
two (Figure 13). '

In an effort to quantify the biological significance of instream dewater-
ing in regard to trout populationms, Wesche (1974) developed a cover rating
system and is attempting to verify the rating as an indicator of standing
crop of trout. He found that cover rating decreased with decreased discharge
and that the maximum rate of decrease occurred between 25 and 11l percent ADF.
Wesche made biomass estimates and cover ratings at 11 study sites and found
a good relationship between the two. He did not, however, relate changes in-
cover to changes in biomass over a range of flows within one stream. Convert-
ing Wesche's cover data for three streams into percent reduction in cover
related to percent reduction in ADF (Figure 14), one gets a slightly convex
curve which is very similar to that drawn from Kraft's (1968).data. Whether
or not reduction in cover can be related directly to reduction in fish popu-
lations is not known. However, based upon the findings of these studies and
on our general knowledge of the aquatic ecosystem as it relates to discharge,
one can theorize on the relationship between discharge and fish biomass or
numbers.

Because of the diversity of lotic ecosystems, no One discharge - fish
biomass relationship would be expected to apply to all streams. However, I
would hypothesize that all fish—discharge curves are sigmoid in shape (assuming
they are not affected by water quality), with the major difference being in
the slope of the linear segment of the curves. This slope is expected to be
dependent upon the influence of discharge on important habitat parameters
including food, cover, and microhabitat.

In a basically run-riffle, rectangular shaped channel, it is hypothesized
that conditions for production of food organisms would not become limitiﬁg
until after the fish populations have been reduced by decreases in cover and
microhabitat, primarily related to reductions in depth. The linear segment
of the fish-discharge curve would theoretically have a gradual slope (Figure 15).

In a pool~riffle channel, the discharge—fish relationship is thought to
be more complex. As discharge is reduced, overhanging cover and undercut bank
cover is decreased along with the decreases in food prodﬁcing areas. The fish

become crowded into pools and social interactions become more intense.
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cover in three runs in Blacktail Creek, Montana. (Data from Kraft,
1968). '
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Lf the assumption that carrying capacity of streams is related to
discharge is correct (and there is evidence that it is}), then carrying
capacity in streams with unaltered discharge and adequate overwintering
habitat is probably set during the lowest flow period of the growing
5eason. lSince natural pool-riffle type streams typically are at a rela-
tively low discharge during this period, it is hypothesized that fish bio~-
mass (numbers) will not be reduced dramatically until flows are reduced
below this point. Thus the sigmoid fish biomass-discharge curve in a channel
with a pool-riffle ratio of 50:50 is hypothesized to have a much steeper
slope in the linear segment (Figure 15). Between the extreme of the run-
riffle channel configuration and the 50:50 pool-riffle configuration, there
is probably a family of fish-discharge curves.

Based upon findings of reported research and of this study, and upon
the hypotheses discussed above, I would suggest that the rainbow trout popu-
lation in the upper canyon area of the Teton River would first become limited
by reductions in cover, primarily in the form of depth. I would also hypothe-
gize that flows adequate to maintain the rainbow trout population in the
riffle-run channel of the upper canyon area would also be adequate to main-
tain the population in the pool-riffle structured lower canyon area where
physical conditions preempted making hydraulic measurements.

™3 With a 30:70 riffle-run ratio in the upper canyon study area, reduced
flows would probably reduce the trout population by forcing fish to move out
rather than rearranging their distribution. If we assume that cover in the
form of depth will be the factor limiting trout abundance or biomass at re-
duced discharge and that loss in cover can be related to the reduction in
rainbow trout number or biomass, then we can predict the impact of various
increments of water withdrawal upon the fish populatiom.

Using the depth criteria for rainbow trout of greater than 1.0 foot (0.30 i
and greater than 1.5 feet (0.46 m), comparison of percentage loss of preferred
habitat in terms of depth can be made (Figure 16). In evaluating these data
it was assumed that the rainbow trout population of the Teton River study area
is adapted to a flow regime equal to the mean daily flow for the lowest flow
month of the growing season, September. Mean September flow for the period
of record is 356 cfs (9.97 cu m/sec) and it is assumed that habitat is at 100

percent at this discharge. Percentage of instream habitat having a depth
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its relation to the theoretical response of the fish population.
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greater than 1.0 foot (0.30 m) and greater than 1.5 feet (0.46 m) at the
predicted flow nearest 356 cfs (9.97 cu m/sec) was considered to be the
100 percent cover value.

Based upon the best information available, the rainbow trout poﬁulation
in the study area of the Teton River will respond to decreased discharge
within the bounds of the habitat (depth) curves (Figure 16). TFor example,
at a flow of 244 cfs (6.83 cu m/sec) there would theoretically be a 16 to 58
percent reduction in fish numbers or biomass from theIIOO percent value.

With this estimate of the response of the rainbow trout populatien in
the study section of the Teton River, the next step is to relate this response
to proposed irrigation withdrawals of about 17,000 acre feet annually. The
estimated monthly diversion requirement during the irrigation season, June 1 -

September 10, is as follows (Lauren Hampton, BOR, personal communication):

Month : June July Aug. Sept.
Percent 19% 39% 33% 9%
Ac. ft./mo. 3230 6330 5610 1530
Assumed number of

days pumping 20 25 25 3

Pumping rate
cubic feet/sec 81 133 112 114

with the proposed rate of withdrawal, the impact on the rainbow trout
population in the study area would be minimal pefore about August 10, in an
average water year (Figure 17). The maximum theoretical reduction in trout
abundance and/or biomass brought about by irrigation withdrawal would be betweel
16 and 54 percent (Figure 16) after August 10, based upon a flow of 251 cfs
(7.03 cu m/sec).

During some years, however, the rainbow trout population in the study
area would be reduced by patural low flow conditions. Additional flow re-
ductions for irrigatioa during low flow years would further reduce the amount
of available fish habitat and consequently the rainbow trout population. For
example, in water years like 1966, the third lowest flow year on record, the
estimated effects of irrigation withdrawal would be pronounced throughout the
irrigation season. Based upon the mean flow for the months of June (314 cfs,
8.79 cu m/sec), July (309 cfs, 8.65 cu m/sec), August (256 cfs, 7.17 cu m/sec),
and the mean flow for the first 10 days of September (228 cfs, 6.38 cu m/sec),
the estimated percentage reduction in the rainbow trout population resulting

from proposed irrigatiom withdrawal would be 18 to 62 percent in June, 27 to
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78 percent in July, 40 to 87 percent in August, and 51 to 93 percent in
September (Figure 16). The recurrence interval for 1966 mean flow for
June, July, August, and the first 10 days of September is 10.3 years
(Figures 8-11). That is, on the average, over a long period of time, we
would expect to have monthly mean flows during the irrigation season

every 10.3 years equal to or less than those observed in 1966; the
probability that similar mean flows to those in 1966 will recur in any 10
year period is 65 percent (Table 3). Similar comparisons of discharge and
the estimated effects on the fish population can be made for any discharge
level desired by utilizing historical data and the estimated fish-discharge
relationship (Figures 8-11 and 16).

During low flow years, other possible adverse effects upon the fish
population include increased vulnerability to angling and changes in water
gquality.

The predicted effects of water withdrawal on the fish population in
the study area of the Teton River are based upon the best information
available. Although the theoretical range of the impact of reduced dis-
charge upon the fish population is broad at some discharge levels, there
ig evidence that the impact will be within ﬁhe predicted ranges. This
information should be useful for interim water resource planning but as
better methodologies become available, they should be applied to the Teton

River to refine estimates of impact of water withdrawal.
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Appendix 2: Use of the Forest Service R-2 CROSS Program

This program is designed to calculate a series of hydraulic parameters
from transect field data (presently used with sag tape data) and Manning's
discharge formula. The description of the program steps was written assum-

ing the use of sag tape data (Anonymous, 1974 ).

Field Data Requirements

i. Distance in feet from O-point to each depth measurement
and to O-point at the opposite stake.

2. fTotal length (feet) of tape spanning the cross section
(may be same as 1).

3, Manning's n value, roughness coefficient (use of 0.55 ot
another selected value).

4. Slope (gradient) of the stream.

5. Accurate measurement of discharge at time of field data
collection.

The program is divided into three operating steps.

Program Steps and Output

Step 1. The basic_computer plot of the measured cross-section - Step 1
produced a channel cross—section print-out, and if desired, a "siot"
(from a Cal comp Plotter) of the measured cross—section. The print-out

will also provide cross—section area in sq. ft., maximum depth in ft.

from the water level to channel bottom, wetted perimeter in ft., hydraulic

radius (area/wetted perimeter) in ft., measured slope or gradient of the

stream reach in percent, selected or calculated Manning's '"n" (roughness

coefficient), water flow in c.f.s., and average velocity in feet/second.

The "maximum depth" value given on the Step 1 print-out is used to
establish the reference datum line on the graph paper "plot"
of the cross-section primt—out., Maximum depth is measured, with a scale,
vertically up from the deepest point shown on the cross-section. A line
drawn perpendicular to this vertical is the "reference datum' line and rep-
resents the computer corrected tape line. For those hydraulic data listed
on the Step 1 print-out, the computer has assumed a water level equal to the
reference datum line., Measurements from the reference datum line to the
actual water level, or selected water levels are used in the program,
steps 2 and 3.
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Step 2. Developing information from which to cadlculate Manning's "n

value - In order to complete the CROSS program analysis it is
necessary to have obtained accurate field measurements of the stream dis-
charge or flow. It is also important to have noted on the field form the
distance from the O-point or stake at which both the first and furthest
waterlines in the cross-séctipn are encountered. The waterline or level,
as interpreted from the field notes, is drawn directly on the graph paper
"plot™; or in the event a Calcomp plotter is not -available, the cross-—
section print—out can be used. The necessary data to run Step 2 includes:
a depth value, identified in the program writeup as "depth to water,"
which is the difference between the maximum depth from the "reference datum"
to the channel bottom and the actual water depth at that point. In effect,
this value is the distance to the nearest tenth—foét from the computer cor-—

rected tape level to the waterline.

two distance values, the distance in feet from the 0-point to the first
streambank — waterline intersect, and the distance in feet from the 0-point
to the furthest streambank - waterline intersect. These data are obtained
from the cross—section "plot" on which the waterline has been drawm.

total length of tape spanning the cross—section, in feet, from stake to stake,

or O-point to the end point.

a selected or theoretical Manming's """ (roughness coefficient) value. A

value developed from field observations may be used, or if unknown use .055

for Step 2.

the slope or gradient in percent of the stream reach. immediately up and down

stream from the cross—section.

The.purpose of Step 2 is to provide a list of the above described
hydraulic parameters for the cross-section as it existed at the time of
measurement, along with a second cross-section print—out. Once the data
from Step 2 is obtained it is used to refine the estimated Manning's "n"
value (used in Steps 1 & 2) for use in the final Step 3. Manning's fromula

(see below) is solved for "n" using the area, hydraulic radius, and slope

data from the Step 2 print-out; and the field measurement of stream discharge

for the Q value in Manning's equation.
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=28 () ® /% (572

Where: discharge in cfs

= roughness coefficient

= hydraulic radius

Q

n

A = area
R

S = sloge in percent

V = average velocity in ft/sec

Since roughness changes with reduced discharge it is possible to

estimate this change by the following equations:

= nf _ n
NB na....N f
Nl
R R
Where NB = constant
ne = field calculated n
n_ = adjusted n for substrate diameter
R = hydraulic radius

Adjusted roughness coefficients or a constant roughness coefficient
equal to that calculated in Step 2 is used in Step 3. If adjusted roughness
values are to be used, Step 3 is first completed holding the calculated
", constant for all desired water stages, thus providing predictions of

hydraulic radius to be used in the above equations.

Step 3. Stream discharge and hydraulic parameters at various or selected

Water Stages, above or below the waterline existing at the time

of field measurement — The purpose of Step 3 is to provide a range

of hydraulic parameter values related to changes in the water stage of the
cross—section.

To run Step 3, simply change the depth to water value (the distance
from the nreference datum" to the new or selected water line) and determine
the corresponding changes in waterline-streambank intercept distances using
the "plot" from Step 1 {or the cross-section print-out). Also enter the
calculated value or values for Manning's "a" developed in Step 2. The
remaining information necessary for running Step 3, includes the same total
length of tape and slope data as used in Step 2. Step 3 will produce a cross-
gection and print—out with the above described hydraulic parameters for each

new or selected water stage.
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The program produces & computer plot of the measured cross~section;

and with completion of the three program SLeps, computes 1) stream

city, 3) wetted perimeter, 4) cross-

discharge, 2) average flow velo
sectional area, 5) maximum water depth, and 6) hydraulic radius for

the actual streamflow at the time of measurement as well as for various

gelected water stages.

Much of the above description was furnished by Dr. Clair Stalnaker, Federal
Aid Coordinator, Region 6, USFWS, Denver, Calorado
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