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ABSTRACT

This is the second annual progress report for studies
conducted by the Nez Perce Tribe to evaluate the potentia
for increasing fall chinook sal non ((Oncorhvnchus
t shawt scha) popul ations and establishing sumrer chinook
sal ron spawning in the lower 57.5 km (36 m) of the mainstem
Cl earwater River (LMCR) of |daho. The report presents study
nmet hods and prelimnary results for the 1988-1989 phase of
t he study. The overall study plan was designed to
guantitatively evaluate the available spawning, incubation
and rearing habitat for fall and sumrer chinook salnon. W
al so studied steelhead trout (0. mykiss) rearing habitat
since there is a stable population of these fish in the
LMCR's tributaries and their parr are known to rear
periodically in the nmainstem Resi dent fish were studied to
assess the potential for habitat overlap with that of
anadronous fi sh. Based on these findings the Nez Perce
Tribe could determ ne chinook salnon habitat conditions for
sel ected stocks under existing flow and tenperature regines
and consult with the U S. Arny Corps of Engineers concerning
the effects of Dworshak Dam operation on flows and neasures
to restore or establish stocks identified in this study.
Since the LMCR was too large to study in it's entirety we
stratified the river based on flow and geonorphology into
three segnents and chose a total of four study sites within
t hese segnents. Study sites were assigned primarily to the
areas in the LMCR where spawning gravel was abundant and we
docunented fall chinook spawning. W considered anadronous
fish habitat to be the product of water depth, velocity,
tenperature, and substrate and cover. These variables were
nmeasured at a total of 33 cross-sections within the four
study sites. Cross-sectional data were used to run version
4 (IF&) of a hydraulic nodel devel oped by the Nationa
Ecol ogi cal Research Center (NERC) of the United States Fish
and WIldlife Service (USFW5). W ran IF&A for a prelimnary
eval uation and presentation of water velocity and depth over
spawni ng and rearing substrate used by anadronpus sal nonids
and to predict their values under a range of streanflow
condi ti ons. Tentatively, it appears that small changes in
river flow can have substantial effects on anadronous fish
spawni ng and rearing habitat. Spawni ng and rearing
conditions for anadronous fish may be best net at low to
noder at e di schar ges. H gher discharges may result in depths
and velocities which are unsuitable for chinook sal non
spawni ng and salmonid parr rearing. The study design al so
included a fish observation conponent to evaluate current
utilization of the LMCR by anadronpbus and resident fish
species and a study to determi ne quantitative habitat
preferences of selected species. In Novenmber of 1988, we
counted 21 redds and five fall chinook carcasses by




hel i copt er. All redds were in the |lower islanded segnents
of the LMCR. W saw no summer chinook redds during a 1989
flight nmade in md-Septenber. W also counted juvenile
anadronous and resident fish bi-weekly from August through
Decenber, wi thin hydraulic study sites, using snorkels and
self contained underwater breathing apparatus (SCUBA). An
i nadequate sanple size of chinook salnon parr were observed
to calculate densities of these fish. WId

rai nbow st eel head trout parr and residualized hatchery
steel head snmolts were nore abundant, but even these fish
were not found in high densities. Densities of both
residualized snolts and wild parr were highest in sunmer and
declined markedly by w nter. Mountain whitefish (Prosopium
williamsoni) and |argescal e suckers ((Catostonpus
nmacrocheilus) were found in high densities until Decenber
when these species were observed in | ower nunbers. Habi t at
preference research is ongoing and our data presentation
reflects the state of current analysis and is not intended
for IFIM application. In general, both wld

rai nbow st eel head trout parr and residualized steel head
snolts preferred relatively shallower and slower water than
is avail able across the channel. Mountain whitefish and

| argescal e suckers were nore ubiquitous, having been found
over a wide range of water velocities and depths. The
significance of these habitat preferences will be discussed
in the final report of this research.




I NTRODUCTI ON

Hydroel ectric devel opnent within the Colunbia River
Basin caused a mmjor depletion of anadronous fish runs.
This depletion can be attributed primarily to passage
probl ems and habitat |oss. Accordingly, Congress passed the
Nort hwest Power Act. As a result of this action, the
Nort hwest Power Planning Council (NPPC) was formed wth
representatives from the states of 1daho, O egon,
Washi ngt on, and Mont ana. The primary goal of the NPPC was
to develop a power plan around the fishery needs in the
Col unbia River Basin which would pronote a doubling of the
anadronmous fish runs. To do so, the NPPC coordinated a
cooperative effort between tribal, federal, and state
resource nanagers to author the Colunbia R ver Basin Fish
and Wldlife Program (1987). Section 700 of this plan deals
with the integration of natural and hatchery production to
supplenent runs in rivers with depressed natural anadronous
fish popul ations or production potential. Such is the case
on the [ower mainstem C earwater (LMCR) of | daho.

The race conposition of the LMCR's indi genous chinook
sal nron (Oncorhynchus tshawytscha) runs was never
concl usi vely docunented because the first anadronous fish
survey was not conducted until 1938; eleven years after
chi nook sal non popul ations were decinated by ineffective
fish passage facilities at the Washi ngton Water Power
Di versi on Dam (Parkhurst 1950). Par khurst (1950) did note
t hat spawni ng gravel was abundant in the LMCR and
recommended that this mainstem river be restocked. However ,
nost chinook salnon restoration efforts were concentrated in
nore pristine headwater tributaries of the O earwater
drai nage and none tested the production potential of the
mainstem river (Connor 1989).

The renmpval of the Washington Water Power Diversion Dam
and construction of Dworshak Dam in 1971 markedly affected
the LMCR's potential for natural anadronmous fish production.
Al though fish could pass freely beyond Lewiston after dam
renoval , the existence and operation of Dworshak Dam
elimnated access to North Fork spawning habitat and changed
the tenperature and flow regine of the LMCR



As mitigation for losses of fish runs into the North
Fork, Dworshak National Fish Hatchery (DNFH) was constructed
near the confluence of the North Fork and the LMCR
Dwor shak National Fish Hatchery has nmaintained the North
Fork stock of steelhead trout (0. nvkiss) through smolt
rel eases since 1970. Since 1972 estimates of adult returns
to the O earwater have been as high 28,296 fish (Mller et
al . 1989). Kooski a National Fish Hatchery (KNFH), | ocated
30 mles upriver of Dworshak on the Mddl e Fork of
Cl earwater River began producing spring chinook snmolts in
1972. In 1982, DNFH al so began a spring chinook production
program Conbi ned spring chinook adult returns to DNFH and
KNFH since 1984 have ranged froma |low of 423 in 1984 to a
high of 2,704 in 1987 (Mller et al. 1989).

Because these snolts are inprinted to hatchery water
and naturally producing spring chinook and steel head
generally prefer habitat conditions available in smaller
tributaries for redd building, few returning adults of these
species utilize the LMCR for spawning. However, sone fall
chi nook sal non spawni ng has been docunented in the LMCR in
recent years (Murphy 1989). Enhancing fall chinook spawning
conditions and achieving the maxi mum production potential of
the LMCR will require instream flow managenent and possibly
outplanting of selected stocks into the mainstem river for
imprinting to the habitat. The success of this strategy
will depend largely on the physical condition and seeding
| evel of spawning, incubation, and rearing habitat in the
ILMCR and the availability of a stock of anadronous salmonid
capable of utilizing this habitat.

Wth these facts in mnd, the NPPC anended the
Colunbia Basin Fish and WIldlife Program to include mneasure
703(c)(3) which states:

"Bonneville shall fund and evaluation of the |ower
mainstem Cl earwater River to study existing habitat and
tenperature reginmes for spawning, incubation and
rearing for salnon and steel head. Proposal s for
outplanting from the Nez Perce |owcapital propagation
facilities (Section 703(g)(2)) will be based on the
eval uati on. The Nez Perce Tribe shall consult with the
Corps of Engineers concerning the effects of Dworshak
Dam operations on the |ower mainstem C earwater River."

In this study we concentrated on the anadronous fish
production potential of the LMCR's physical habitat
conponents. The physical habitat conmponents of interest
i ncluded water depth, velocity, tenperature, and substrate.
W contended that these conponents are key to the river's
ability to sustain natural, but hatchery supplenented
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popul ations of fall and summer chinook sal non. These races
of chinook salnon were selected for study because they are
escaping to ldaho's spawning habitat in threateningly |ow
nunbers (Fish Passage Center 1989, Irving and Bjornn 1980,
Horner and Bjornn 1981) and they can spawn in |arge mainstem
rivers (Fulton 1968). W also studied the biologica
conponent, or fish populations of the LMCR to allow for a
wel | founded estimate of the river's current |evel of

seedi ng. Qur study had the follow ng objectives:

1) Quantify the existing anadronous salmonid spawning
and rearing habitat in the LMCR and devel op
capabilities to predict habitat conditions under
various Dworshak Dam di scharge regines:

2) Docunent the use of the LMCR by anadronous and
non- anadr onous fi sh;

3) Investigate the incubation, rearing, and
outmgration timng of fall and summer chinook
sal non;

4) Use the information generated by objectives 1 - 3

to identify potential outplanting stocks of fall
and/ or summer chi nook salnon for restoration or
suppl enentation efforts; and

5) Determ ne habitat conditions for selected
anadronous fish stocks under existing flow and
tenperature reginmes and consult with the US. Arny
Corps of Engineers concerning effects of Dworshak
Dam operation on flows and neasures to restore
stocks identified in this study.

This report is intended to provide the reader with an
overall study scope and l|ocation orientation and wth
met hods and results from the second year of the study and
anal ysi s. Results presented are relatively unrefined and
are not considered suitable for use in Instream Fl ow
I ncrenental Methodology (IFIM applications or as the basis
for conclusions concerning the feasibility of anadronous
fish reintroductions. The results are presented to
illustrate the state of current data processing and to give
the reader insights into existing hydraulic conditions at
the study sites.



DESCRI PTI ON OF THE PRQIECT AREA

The LMCR project area begins at the Cdearwater Menoria
Bridge at Lewiston and extends approximately 60 km (38 m)
upriver to the North Fork O earwater Confluence (Figure 1).
The norphol ogy of the LMCR's channel was influenced by a
nunmber of geological events leading to a variety of rock and
soi |l types. During the Precanbrian era, nost of |[daho,
including the Cearwater basin, was covered by a shallow sea
(Asherin and oOrme 1978). Subsequential folding, faulting
and uplifting gave rise to the nountain formations in the
basi ns's headwaters reaches. These nountain ranges were
formed primarily of metanorphosed sedinentary rocks of the
Belt series and granitic intrusions of the lIdaho Batholith

(USACE 1975). Vol canic activity filled the |ower valleys of
the O earwater basin with basalt flows (Asherin and Orme
1978) . This volcanic activity in the lower basin is

probably responsible for the basalt and granite conposition
of the LMCR's channel

Wnters with little snow accunul ati on and sumrers that
are hot and dry predominate in the |ower portions of the
d earwat er basi n. Precipitation usually occurs in the late
fall-winter and spring periods over nuch of the area
(Asherin and Orme 1978). Average precipitation in the
G earwater basin varies from 36 cm (14 inches) at the
mout h(Asherin and Orme 1978) to 178 cm (70 inches) near the
summt of the Bitterroot Range (USACE 1986). Prevailing
winds are generally westerly from the Pacific Ocean which
can carry noist air nasses over much of the area. Aver age
annual tenperature is 10° C (50° F) in the lower O earwater
basin (USACE 1975), however, wi nter polar air nasses
soneti nmes predom nate and produce air tenperatures as |ow as
-34° C (-29° F)(USACE 1986). Historically, these cold
w nter periods comonly produced ice build-up in the LMCR
(USACE 1986).

It is believed that the establishnent of a pernmanent
bot ani cal community in the riparian zone of the LMCR was
precluded by the scouring effect of these ice jans (Kroneman
and Law ence 1988). However, annual forbs, grasses, shrubs
and vines are currently colonizing the riparian zone as a
direct result of hydrol ogical changes in the LMCR (Kroneman
and Lawrence 1988). More specifically, the LMCR's w nter
instream water tenperatures were warned and its annua
hydr ograph was stabilized by the inpoundnment of it's |argest
tributary.
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The U S. Arny Corps of Engineers inpounded the North
Fork O earwater River by constructing Dworshak Dam in 1971
Dworshak Dam is located on the North Fork 3 km (1.9 m) up
fromits confluence with the Cearwater R ver at _river km 61
(mi 38). The dam controls water from a 6,319 km? (2,440
mi%) drainage area (USACE 1986) for flood control, power
generation, recreation, water quality, and fish and wildlife
uses (USACE 1986).

Dworshak Dam is a straight concrete-gravity structure
218.5 m (717 ft) high with a crest length of 1001.9 m (3, 287
ft) and a crest width of 13.4 m (44 ft)(USACE 1986). The
dami s power intakes are equipped with multilevel selector
gates which allow selection of suitable water tenperatures
for fish production at Dworshak National Fish Hatchery.
Twenty-one tenperature sensors |located at different
el evations along the upstream face of the dam neasure water
columm tenperatures (USACE 1986).

North Fork C earwater discharge contributes 40.8% of
the IMCR's average annual flow (Appendix A Table Al). Pre-
i mpoundnment LMCR di scharge peaked at about 1,415 cms (50,000
cfs) in May receding to about 113 cms (4,000 CFS) in
Sept enber . Currently, Dworshak Dam stores North Fork
Clearwater River spring run-off and redistributes it
t hroughout historically low flow periods. Post - i mpoundnent
average annual maxi mum di scharge is about 990 cms (35,000
cfs) and average annual mninum discharge is approxi mately
140 cms (4,800 cfs). Average daily dam discharges are
regul ated to approxinmate natural mainstem di scharge except
during August and Septenber when the reservoir is drafted to
create approximately 700,000 acre feet of storage for fal

flood control. Additional reservoir regulation provides for
unforseen power or flood control after January 1 (USACE
1986) . Daily discharge fluctuations occur on nost days of a

given nonth as a direct result of power production and in
sone cases as result of flood control and steel head
managenent requirenents.



METHODS

OBJECTIVE 1: Quantify the existing anadronous salmonid
spawni ng and rearing habitat in the LMCR and
devel op capabilities to predict habitat
condi t1ons under various Dworshak Dam
di scharge regines

We designed and inplenented a habitat quantification
study to define the relationship between anadronpbus fish
spawning and rearing habitat in the LMCR and instream fl ow.
Spawni ng and rearing habitat conponents were determned to
be water velocity, depth, substrate conposition and cover
We neasured these habitat conponents at cross-sections
within sites selected to represent najor honogenous river
segnents or known fall chinook spawning areas. The sel ected
cross-sections were the basis for quantifying the avail able
LMCR habi t at .

Water stage and di scharge were neasured
simul taneously at six flow events. Then, water depth,
vel ocity, substrate, and inter-cross section distances were
nmeasured at one river discharge and conputer sinulation was
used to predict depth and velocity and wetted substrate over
a range of unneasured fl ows. In this way, the surface area
of suitable substrate and the water velocities and depths
over that substrate (and all other channel areas) could be
predicted as a function of flow

W also collected water tenperature data to predict
instream water tenperatures using the United States Fish and
Wldlife Services Stream Network Tenperature Model
(SNTEMP) (Theurer, Voos, and MIler 1984). Basically, SNTEM
predicts the longitudinal response of a rivers water
tenperature reginme to changes in dam di scharge. [ nput,
calibration, and validation data nust be collected
longitudinally along a river at critical points terned
hydr ol ogy nodes. Col l ection of these data are ongoing and
will be discussed in a later report.

In the following sections we present detailed nethods
used in river stratification, cross-section placenent, data
collection, and our hydraulic simnulation approach.



River Stratification:

W stratified the LMCR since the river was nuch too
large to study in its entirety. Stratification initially
divided the LMCR into segnents (the largest representative
subdi vi sion) based on flow reginme and geonor phol ogic
features. Secondly, study sites within segnents were chosen
whi ch contai ned known spawning or typical habitat. Thirdly,
cross-sections for hydraulic nmeasurenment were assigned to
spawni ng and/or typical habitats within each site.

Bovee (1982) recommends placing a segnent boundary
wherever a tributary adds 10% nore water to mainstem flow
(based on average annual discharge). Therefore, we
coll ected average annual discharge data for the LMCR, Big
Canyon, Jacks, Bedrock, Cottonwood, and Lapwai Creeks; and
Potlatch R ver (See Figure 1) fromthe United States
Ceol ogi cal Survey (USGS) and literature sources.

Ceonor phol ogic features were also used to segnent the
river. Abrupt changes in slope, tributaries which
contribute significant or disproportionate sedi nent | oads,
and sinuosity changes of 25% or nore may be considered
potential segnent boundaries (Bovee 1982). Therefore, we
constructed a longitudinal profile of the LMCR using USGS
t opographic maps, reviewed the literature for docunentation
of sedinment input from tributaries, and neasured river
sinuosity using aerial photographs.

Study site selection within each segnent was based
primarily on the presence of known chinook sal non spawning
habi t at . A spawni ng gravel survey was nade from the North
Fork/LMCR confluence to the Cearwater Menorial Bridge using
a jet boat, snorkeling, and SCUBA. Substrate conditions
were assessed using an index devel oped by Brusven (1977)
with the nodifications of Bovee (1982) (Table 1). Thi s
technique uses a 3-digit code listing the dom nant and
subdom nant particle size followed by a decinml nunber to
i ndicate percent of fine material (sand and snmaller) in the
matri x. On Novenber 30, 1988 from 12 noon to 2:30 PP.M we
i nspected the LMCR by helicopter for fall chinook spawning
activity. W also flew a summer chi nook spawni ng survey on
Friday Septenber 8, 1989 from 1:00 P.M to 3:30 P.M



Table 1. The Brusven substrate code (as nodified by Bovee
1982) used for the |ower mainstem C earwater River
(LMCR) spawni ng gravel survey.

Code Substrate description
1 Fi nes (sand and snall er)
2 Smal | gravel (4-25 mm
3 Medi um gravel (25-50 nm
4 Large gravel (50-75 mm
5 Smal | cobble (75-150 nm
6 Medi um cobbl e (150-225 nmm
7 Large cobble (225-300 m)
8 Smal | boul der (300-600 nmm
9 Large boul der (> 600 nmm

In segnents | acking chinook spawning activity we
nmeasured sites containing typical habitat. We defined
typical habitat using a classification system based on
vi sual analysis of hydraulic characteristics and channe
nor phol ogy (Table 2). These habitat types were mapped on
aerial photographs taken at the river's average annua
di scharge of approximately 400 cms (14,000 cfs) and their
areas were neasured with a planineter



Tabl e 2. Description of habitat types used to classify and
identify the typical hydraulic and norphol ogic
characteristics of the |lower mainstem C earwater

Ri ver (LMCR).

Habi tat types Descri ption

Run Smoot h hydraulics, |low gradient, no
channel scour, depth between 2 and 5
neters

Rapid run St andi ng waves, higher gradient, no
channel scour, depth between 2 and 5
neters

Rapid riffle Tur bul ent hydraulics, higher gradient,
depth less than 2 neters

Pool Snoot h hydraulics, scoured channel
depth between 5 and 7 neters

Eddy Swirling hydraulics, scour, depth
greater than 7 neters

Si de channel Secondary channel in islanded areas

Intermttent Secondary channel in islanded areas

si de channel which dry up periodically

Cross-section Placenent:

When assigning the l|ocations of cross-sections, we
prioritized spawning habitat. W also assigned cross-
sections to typical habitats based on area; the nost
abundant typical habitats at each site were sanpled. In
general, if a habitat type contributed |ess than 10% of the
total segnent area, it was not sanpled, except when this
habitat was of special interest (i.e. intermttent side
channel capable of stranding rearing juvenile salnon or
steel head trout).
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Hydraulic Sinulation Approach:

The Instream Flow Increnental Methodology (IFIM,
devel oped by the U S. Fish and WIldlife Service' s National
Ecol ogy Research Center (NERC), provides a conprehensive
collection of conputer nodels and anal ytical procedures used
to predict changes in hydraulic conditions and correspondi ng
fish habitat characteristics with incremental changes in
streanfl ow (Bovee 1982). PHABSIM the Physical Habitat
Sinulation System is the habitat analysis conponent of
IFIM and provides the conputer based hydraulic and habitat
simulation prograns required for increnental analysis of
habi t at - di scharge relationships (M| hous 1979).

W enployed the IF&A hydraulic sinulation nodel to
predi ct depths of flow and mean columm velocities across
each cross-section for discharges ranging from approxi nately
85 cms (3,000 cfs) to 1,416 cms (50,000 cfs) on the LMCR
IFG4 is a NERC hydraulic sinulation program devel oped for
use in instream flow habitat nodeling studies. IF4 is part
of the PHABSIM system of conputer prograns devel oped and
supported by NERC's Instream Flow and Aquatic Systens G oup
(Mlhous et al. 1988), and provides the velocity and depth
data required by habitat sinulation progranms (e.g. HABTAT,
HABTAE) .

W selected the IFc4a for hydraulic nodeling because it
is wdely accepted for, and applied to, flowrelated water
resources studies in the United States. IFG4 is generally
sinpler to use and easier to calibrate than alternative
hydraulic simulation prograns based on step-backwater
t echni ques, including WP and HEC-2 (M I hous et al 1984;
M| hous et al 1988; Oth and Maughan 1982). Unli ke
st ep- backwat er nodels, |F& nodels cross-sections
i ndependently from each other, and consequently does not
require additional neasurenents of water surface sl opes
anong Cross-sections. In addition, establishing the
| ocation of hydraulic controls bel ow nodel ed cross-sections
is not critical in IF4 as it is with WP and HEC 2.
However, |IFX4 requires at |east three pairs of
st age-di scharge neasurenents, while WSP and HEC-2 require
only a single starting water surface elevation and
correspondi ng discharge from which hydraulic calculations at
hi gher flows are based. Acquisition of the nultiple
st age-di scharge neasurenents required by IF&4 was not
difficult in our study because of the tinme-efficient use of
rebar to mark water surface elevations at different
di scharges, and of a "total station"” surveying instrunent
from whi ch marked el evations were mneasured.
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The IFG4 program is capable of predicting velocities
and nean column depths across a cross-section for over 100
discharges in a single IF& run (MIlhous et al. 1989). In
addition to predicting depths and velocities, |IFG& also
provi des hydraulic geonetry calculations including wetted
wi dt h, nmean channel depth, nean channel velocity, wetter
perineter, and hydraulic radius. Additional hydraulic
geonetry calculations are provided for each cross-section by
runni ng REV14 (Review IFG4), a hydraulic review and
di agnostics program which is used in conjunction with |FG4

Hydraulic sinmulations using |FG4 are based upon an
enpirical log-log stage-discharge relationship calculated
i ndependently for each cross-section (Bovee and M| hous
1978). As such, it is assuned that an acceptable |og-Iinear
rel ati onship can be established at each cross-section. | F4
hydraulic simulations include the follow ng conputation
pr ocedur es:

1. Streanbed elevations are defined at specified distances

al ong each cross-section. Bed elevation data are
obt ai ned at specified distance intervals along each
cross-section from surveying instrunent, |evel |ine, or

dept h neasurenents. These intervals provide the basis
for a common set of "verticals" along the cross-section
for which depths and velocities are calculated over a
range of sinulation discharges. This array of distance
(X) and elevation (Y) coordinates is used by IF& for
all hydraulic calculations. The distance interva
between two consecutive X coordinates is referred to as
a "cell".

2. An enpirical stage-discharge relationship is calculated
for each cross-section. This relationship is typically
based upon three or nore stage-di scharge pairs. Wth
IFG4, this relationship is calculated by a |east-squares
linear regression (MIlhous et al. 1984). Since both
stage and discharge are logarithmcally transforned for
this regression, this stage-discharge relationship is
expressed as an exponential equation. Thi s equation
takes the form

Q = A(WBL - szF)%;

where Q is the discharge predicted from a given water
surface elevation , A and B are regression coefficients
unique to a given cross-section, WAL is the given water
surface elevation, and SZF is the stage of zero flow
Since water can be retained by downstream hydraulic
controls for some cross-sections (e.g. pools) during
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zero flow conditions, subtracting SZF from water
surface elevation provides a net water columm depth
which can be correlated w th discharge.

Alternatively, this regression relationship can be
restated as the equation

Stage = x(Q);

The range of discharges for which water surface

el evations are neasured should be the sane as that to be
nodel ed, since increased errors are likely when water
surface elevations are extrapolated beyond the neasured
range of fl ows. This is especially true when discharges
are simulated beyond channel banks, or when a
Cross-section possesses a conplex profile.

The stage-discharge relationship is then used to predict
wat er surface elevations for unneasured discharges for
whi ch depth and velocity data are desired for habitat
nodel i ng pur poses. The distribution of depths across
the channel are calculated by subtracting neasured
streanbed elevations from the predicted water surface

el evation for a given discharge. Hydraul i ¢ radi us,
wetted width, and wetted perineter are also calcul ated
fromthe array of X Y streanbed coordinates, and the
given water surface elevation

A distribution of velocities along a cross-section are
predicted by IF& for each sinulation discharge, and are
based upon a set of velocities neasured at the
Cross-section. Predicted velocity neasurenments provide
a basis for calculating discharge at the cross-section
for a given stage elevation. The di scharge at which
velocities are neasured for calibration purposes is
referred to as the "velocity calibration discharge".

Vel ocities measured at this discharge are used by |IF&4
to calculate the distribution of velocities for all
simul ati on discharges. More than one set of discharges
can be used for velocity calibration purposes. Serious
problens in hydraulic sinmulation nodeling usually result
from multiple velocity calibration neasurenents, since
identifying the exact position of verticals for each set
of velocity measurenents along a cross-section is very
difficult. Because of these difficulties, NERC
currently recommends the use of a single velocity
calibration set for IFG4 sinulations. Consequently, a
single discharge velocity calibration procedure,
referred to as IFG4-A by NERC, was applied to our study
of the LMCR.
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Mean water colum velocities nmeasured at verticals along
a cross-section during the velocity calibration

di scharge are used by IF&4 to cal culate a roughness
coefficient for each cell, which is based on the
application of Mnning' s Equation. Manni ng' s Equati on
which is normally used to cal culate average velocity for
a river or stream channel reach, is expressed as:

v = 1.49 g3 gasa .

where V is mean channel velocity, R is hydraulic radi us,
S is water energy slope for the channel reach, and N is
Manni ng's roughness coefficient. The coefficient 1.49
is applied to the equation when English neasurenent
units are used. This equation can be rearranged to
solve for N

N = 1.49 R¥®? sV2 . v;

Mean columm velocity, hydraulic radius, and water
surface slope are calculated by IF&X from nmeasured bed
el evation, water surface elevation, and discharge data.

This equation is applied by IFG4 to each cell in a
cross-section by restating Manning's Equation as:

1

where N. is the roughness coefficient for the ith cell
of a cross-section, V., is the nmean columm velocity

nmeasured at the cell, and S is the |ongitudinal water
energy slope of the entire cross-section. D., the
depth of the ith cell, is substituted for hydraulic
radi us.

IFG4 calculates an N value for each cell from velocity
calibration discharge data provided in the IF& input
data deck. Subsequently, the velocity of a cell can be
estimated for any given simulation discharge by
rearranging the fornula as:

- (2/3) o(1/2) .
V. = 1.49 D, S / Ny
where D; is the depth of the cell for each sinulation
di schar ge.

A mass bal ance procedure is used by IF&4 to adjust
predicted velocities so that the discharge predicted
from the velocity set equals the discharge predicted by
t he stage-discharge relationship. | F&4 cal cul ates a
partial discharge for each cell within a cross-section
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with the expression:
Q; = W; Dy Vi

where Q. is the discharge of the ith cell, which is
calculated from the width, depth, and velocity of that
cell. The total channel discharge resulting from
predicted velocities is estimated by sunmm ng the

I ndividual cell discharges for the entire cross-section

Q, = % Q.

The discharge, Q, which is predicted fromthe resulting
set of velocity calculations, is forced to equal the

di scharge predicted by the stage-discharge relationship
by multiplying simulated cell velocities by an

adj ustnent factor. This adjustnment factor is referred
to as the Velocity Adjustnent Factor (VAF), which is

cal culated by dividing the discharge predicted from the
stage-di scharge relationship by the discharge predicted
from predicted velocities:

VAF = Q. / Qi

where Q. is the discharge used in the stage-discharge
rel ati onshi p.

Final velocity estimations are calculated for each cel
usi ng the expression:

V.. = V. x VAF;

fi

where v.. is the final velocity estimation for the ith
cel |,

Accurate hydraulic simulations using IFG4 require that

the follow ng assunptions are met:

1.

The stage-discharge relationship for each cross-section
can be adequately expressed as a |log-linear equation
Channels with conplex cross-sectional profiles are not
wel |l nodeled using a log-linear relationship, requiring
the use of alternative statistical relationships (e.g.
pol ynom al regression), or alternative hydraulic nodels
(e.g. WBP or other step-backwater nodels) which provide
better estimates of water surface elevations for
sinmul ati on di schar ges.

A sufficient nunber of stage-discharge measurenents
should be obtained to adequately describe the
cross-section for the range of discharges to be -nodel ed.
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For this reason, a mnimm of three stage-discharge
pairs should be neasured for each cross-section (M hous

et al 1984).
3. IFA is limted to analysis of steady flow conditions in
a channel having a stable bed. Because cross-sections

are nodel ed independently of each other, however,

di scharge does not have to be constant anong transect
sites within a study reach. Never-the-1ess, discharge
must be constant during velocity calibration

neasur ement s.

Simulating hydraulic conditions from cross-section data
i nvol ved five steps. First, stage-discharge relationships
were determned at six discharge events for cross-sectiona
transect sites located within spawning and typical habitat
in the LMCR Second, velocities and depths were recorded
across each transect during a single velocity calibration
di scharge of approximately 324 cms (11,400 cfs). Third,
resulting data was reduced and reviewed for accuracy for
input into the IF& conputer program Fourth, we used |IFX4
to predict changes in hydraulic geonetry and habitat
characteristics (depth, velocity, wetted width, wetted
perineter, and hydraulic radius) for a range of sinulated
di schar ges. Finally, we calibrated the nobdel using standard
pr ocedur es.

St age- Di scharge Data Acquisition:

Si x stage-di scharge neasurenents were obtained at each
cross-section in our study. Measurenent of six pairs
provided for nore accurate predictions of water surface
el evations for the range of flows expected to be nodel ed,
and facilitated a relatively sinple calibration procedure.
Water surface elevations were neasured at approximtely 113,
227, 312, 453, 991, and 1,300 cms (4,000, 8000, 11,000,

16, 000, 35,000, and 46,000 cfs). D scharge neasurenents
were obtained from the Peck and Spal ding USGS gagi ng
stations |located on the LMCR Di scharge values from the
Peck station were applied to water surface elevations
nmeasured in the North Fork and Big Canyon study sites, while
values from the Spalding Station were applied to water
surface elevations neasured in the Bedrock and Upper
Potlatch, and Lower Potlatch study sites.

H gh di scharges exceeding 1700 cms (60,000 cfs) prevented
identification of habitat features, including spawning
gravels, and placenent of transects until md-sunmer. To
allow this study to be initiated in 1989 instead of 1990,
nmeasurenment of water surface elevations for use in
stage-di scharge rel ationships preceded the establishnent of
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cross-section | ocations. Water surface elevations (WSE's)
were neasured at transects |ocated at points where water
surface gradient changed with the study site boundaries.
These are referred to as WSE transects, to distinguish then
from hydraulic neasurenment cross-sections. St age- di schar ge
rel ati onshi ps at cross-sections were calcul ated by
interpolating between water surface elevations recorded at
WEE transects using the distances between WSE transects

adj acent to the hydraulic neasurenent cross-sections in
questi on.

Water surface elevation neasurenents were obtained on
both banks of the river and islands. Rebar (0.6 mor 2.0 ft
in length) were used to identify the location and el evation
of the water's edge during the six discharge events neasured
at each WBE transect. The |l ocation and elevation of all
wat er surface elevation rebar were surveyed on a |later date.
The use of rebar proved to be tinme and cost effective, as
water surface elevations from all six discharge events could
be surveyed at the sanme tine.

D scharge readings were obtained at frequent intervals
during rebar placenent by calling the USGS GOES stations at
Peck and Spal di ng.

El evati ons of WSE rebar were surveyed with an electronic
recording "total station" theodolite. This study enployed a
WI!ld T1000 electronic theodolite and D1000 infrared distance

net er. These coupled units provide a direct readout of
hori zontal and vertical distances from the instrunment to
each survey point. Most distances were neasured from a

single optical prism attached to a surveying rod, which was
pl aced on the rebar at WSE transects, and along hydraulic
measur enment Ccross-sections. A triple prismwas used to
measure di stances greater than 610 m (2000 ft).

The instrunment provided direct readouts of vertica
di stances, which facilitated rapid detection of surveying
errors. Al'l horizontal distances for hydraulic
cross-sections and water surface elevation transects were
measured using this instrunent.

El evations relative to instrunent height were calcul ated
at each survey point by subtracting the height of the plunb
pole prism from the vertical elevation reading. When
several instrunment positions were used within a given study
area, all instrunment heights referenced the first instrunent
posi tion. The first instrunent position at any study site
was assigned an arbitrary elevation so that water surface
and instream flow transect elevations for the study site
woul d have a maxi nrum value of 30 to 33 m (100 to 110 ft).

Al'l subsequent instrument heights were referenced to the
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first instrument height by foreshot and backshot
cal culations, or by referencing a permanent benchmark rebar.

Surveyed positions were assigned Cartesian (XY, 2)
coordi nates based upon horizontal angle and distance
nmeasurenents obtained from the first total station |ocation
at each study reach. Hori zontal angles were referenced from
a horizontal zero (HZO Iline, which was set to an arbitrary
| andmark (eg. bridge piling, phone pole). The initial
instrunent position was assigned an x,y value of 0,0.
Subsequent x and y coordi nates where cal cul ated using the
following formulae for conversion of polar to Cartesian
coor di nat es:

X = D?* sine(HZ)

Y = D * cosine(HZ)
where D = horizontal distance to position
and: HZ = horizontal angle from HZoO

Wien nore than one instrunent |ocation was required to
nmeasure water surface elevations or cross-section positions
within a study reach, all instrunent |ocations referenced
the first instrument position. A conputer spreadsheet was
used for all surveying calculations. D stances between
surveyed positions were calculated using the fornula:

Distance = The square root of (x2-X1)2 + (Y2-v1)?
where: (X1,Y1) is the first coordinate position

and: (X2,Y¥2) is the second coordinate position

Longi tudi nal di stances between cross-section sites and
correspondi ng WSE transect rebar were used to calculate
wat er surface elevations at the transect sites for
devel opnent of stage-discharge relationships. Longi t udi nal
di stances and elevation differences between cross-sections
were used to provide the water surface slope values required
by | F&.

Vel ocity Calibration and Substrate Data:

Vel ocities and depths were neasured across the transects
at a flow of approximately 324 cms (11,400 cfs) from a boat
using the fixed line, fixed point technique (Bovee and
M | hous 1978). This neasuring system is nost desirable when
detailed hydraulic simulation nodels, such as IFG4, are to
be used. Anchor points, either netal fence posts or cable
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attached to trees and rocks, were established on both banks
of the river at each cross-section. The hooked equi pped end
of a spool of beaded 3 mm dianmeter (1/8 inch) aircraft cable
was ferried from one bank to the other, where it was then
attached to the anchor point on that bank. On the opposite
bank, come-alongs affixed with cable clanps and attached to
an anchor point were then used to strech the cable tight. A
14 ft alum num boat was attached to the cable using a USGS
boat neasurenent appar atus. This apparatus provided for
consi stent horizontal |ocation on the cable beads, and was
equi pped with a quick-rel ease safety system

Vel ocities and depths were neasured at regular intervals,
identified by beads, along this cross-section cable. Either
3 or 6 m(10 or 20 ft) neasuring intervals were used on each
cross section, depending upon wdth of the river channel
Vel ocity and depth neasurenents were obtained using a USGS
cabl e suspension system This system enpl oyed a crosspiece
to which the cross-section cable was attached, and a
soundi ng reel and boomto which a 66 or 110 kg (30 or 50 |b)
soundi ng wei ght was attached. A Marsh-McBirney velocity
nmeter was attached to the sounding weight for velocity
nmeasur enment s. Velocities at each cable bead interval or
"cell" were neasured at both 2/10ths and 8/10ths depth when
total depth exceeded 0.8 m (2.5 ft), and at 6/10ths depth in
shal | oner water (Bovee and M| hous 1978). Substrate and
cover (see Tables 1 and 3) were also neasured at each
interval along the cross-section cable. Substrate and cover
codes were recorded by a single individual to nmaintain
consi stency anong transects and study reaches. A Pl exi gl ass
viewtube was used to view substrate and cover in turbul ent
surface water.

Tabl e 3. Cover coding system used during the collection of
cover data in the lower Cearwater R ver (LMCR)

Code Cover description
1 No cover
2 Vel ocity cover
3 Instream overhead cover
4 Bank overhead cover
5 Combi nati on cover
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Beyond the waters edge, bank elevations were neasured
at regular intervals along the transect line with the tota
station. The water surface elevation rebar, |ocated at many
| ocations throughout each study site, were used to provide
benchmark el evations for these overbank neasurenents.

Depths recorded from the boat were converted to transect

el evations by neasuring the water surface elevation on each
bank, and then referencing recorded depths to the nean of
both water surface elevations neasured.

Dat a Reducti on:

The IF&4 data deck enployed for prelimnary nodelling
of LMCR hydraulics was assenbled from several data
conponents. These included:

1) Depth, velocity, and substrate neasurenments obtained
during the single velocity calibration discharge
neasur ement ;

2) Overbank elevation and substrate nmeasurenents obtained
by the survey crew

3) Stage-discharge relationships obtained from rebar placed
during six discharge events; and

4) Inter-transect distances and water surface slope
cal cul ations obtained from WBE transect and hydraulic
neasurement cross-section |ocations.

A m croconputer spreadsheet program was used to conbine
cross-section distance, depth, velocity, and substrate
nmeasurenments with overbank elevation and substrate
measur enent s. Measured depths for each transect were
converted into bed elevations by subtracting depth
nmeasurenments from the average of the right and left bank
wat er surface elevation at each cross-section. Transect
di stance neasurenents were obtained by adding the
cross-section distance neasurenents to the overbank distance
nmeasurenments, using the location of the waters' edge on the
right bank and left bank as reference points for these
di stance cal cul ati ons.

Resul ting spreadsheet distance and depth cal cul ations for
each transect were converted into individual |IFG formatted
data files using the I4TEXT text file conversion program
This program also required the input of the six
stage-di scharge data pairs, the water surface slope and
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el evation at the calibration discharge, and the distance to
the next downstream transect in a downstream direction

|IF&A formatted data files for each transect were then
conbined to produce an |IFG4 data deck for each of the three
study sites. In the Bedrock and Potlatch study sites,
separate data decks were produced for main channel and
islanded side channel transects. Separate data decks were
required for calibration purposes, since side channel
transects conveyed only a portion of the total river

di scharge at each of the six neasured discharges.

Hydraulic Mdel Calibration:

Calibration of IF&4 data input decks produced for the
LMCR involved five steps. The steps are described as
foll ows:

1. The data decks were reviewed for data entry errors. This
was acconplished with the CK14 (Check |IF&) data deck
revi ew program Cross-section elevation, distance,
velocity, and substrate data displayed in output from
this program was conpared to field data and subsequent
internmedi ate cal cul ations obtained from spreadsheets.
Data entry errors then were corrected.

2. The water surface elevations enployed in the
st age-di scharge relationships applied to each transect
were reviewed and evaluated. The REV14 (Review | FX)
hydraulic review program was enployed for this purpose
Were necessary, water surface elevations were corrected
usi ng known benchmark el evations established at each

Cross-section. Interpolation of cross-section water
surface elevations between WSE rebar sites provided one
source of error for sone transects. However, this was

easily identified and conparing predicted water surface
elevations wwth known water surface elevations situated
within the cross-section.

This source of error, while mnimal, was corrected by a
adding a constant correction value to each predicted

wat er surface elevation for given cross-section. Thi s
constant was calculated by subtracting the predicted
water surface elevation at the velocity calibration

di scharge from a known neasured water surface el evatiora
for this same di scharge

3. Di scharges, terned partial discharges, were cal cul ated
for each individual channel in nmultiple channel sites.
These partial river discharges were required since
st age-di scharge nesurenents in side channels are based
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upon partial river discharges, and not river flow
Partial discharges were calculated for each discharge of
six water surface elevations neasured at side channe
Cross-secti ons. Partial discharge calculations were
based upon known discharge, bed elevation, and water
surface elevation measurenents through application of
Manni ng' s equati on:

v = 1.49 R¥® g2 s N

As nentioned previously, V is the nean velocity for the
entire channel, R is the hydraulic radius, and S is the
| ongi tudi nal water energy sl ope. Partial discharges for
i ndi vidual channels in nmultiple channel sites can be
obtained from velocity calibration neasurenents
conducted at approximately 323 cms (11,400 cfs).
Subsequently, these known discharges form a basis for
solving Manning's roughness coefficient, N, at each
transect using the rearranged equation

N= 1.49 3 g2 , v,

Again, R is obtained inplicitly from bed el evation and
wat er surface elevation data, and was acquired for these
calculations from the REV14 hydraulic review program S
was obtained by calculating the water surface slope from
wat er surface el evation neasurenents obtained from rebar
| ocated above and bel ow each cross-section. Channe
velocity V was calculated from the equation:

V=QA

where Q is the discharge calculated for a given side
channel, and A is the cross-sectional area calcul ated
known bed elevations and the velocity calibration water
surface elevation for that channel. REV14 provides the
cross-sectional area value for each water surface

el evati on.

The variables R A and S were calculated for each of
the six neasured water surface elevations for transects
| ocated in side channels. Partial discharge in each
side channel was calculated for each specified water
surface elevation by assumng that N is constant, by
rearrangi ng Manning's equation as:

Q = A 1. 49 R g2 , y;

22



since average channel discharge can be defined as:
Q = VA

If the sum a partial discharges did not equal the tota
river discharge, a correction factor was nmultiplied to
each partial discharge. This correction factor was
defi ned by:

Cq = QobS/Qp;

where C_is the correction factor, 9, is the observed
total river discharge obtained from USGS records, and Q
is the discharge predicted by summng cal cul ated side
channel di scharges. Resulting partial discharge
estimations were then used to define side channel

st age-di scharge relationships for |IFG} runs.

P

4. The log-l1og stage-discharge relationship was eval uated
to determ ne whether the IF&G hydraulic nodel was
appropriate for each transect. This relationship was
eval uated by conparing water surface elevations
predi cted by the stage-discharge relationship with those
actual |y neasured. In addition, a regression
goodness-of -fit analysis was used to assess the
linearity of each stage-discharge relationship. In
addition, VAF verse discharge plots were used to
identify potential calibration problens for each
transect VAF plots were produced in calibration |IFIM
runs. Anal ysis of VAF plots is reviewed in Appendix B.

5.  The distribution of velocities was evaluated at each
transect for a range of sinulation discharges. One source
of error in IFG hydraulic sinulations involves prediction
of velocities for cells which are dry during calibration

vel ocity measurenents (M1l hous et al, 1988). This often
results in the calculation of a cell's Mnning' s roughness
coefficient which is either too high or too low for
calculating velocities over a conplete range of discharges.
This is referred to as an "edge roughness” problem since it
usually occurs to cells located adjacent to either bank of
the river. This problem can be mnimze by constraining cel
roughness coefficients to nmaxi mum and m ni num val ues. These
constraints can be used in IF& sinulations by specifying
NMAX (N maximum) and NM N (N mninmun) values in the input
dat a deck. The need for NMAX and NM N val ues was determ ned
after reviewing cell roughness predictions using IFG4 and
REV14 data deck runs.
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Cross-sections were grouped according to study site in
both calibration and production run |IFG4 data decks. A
second | evel of grouping was required in islanded sections,
since crossections in the same segnment experienced different

partial discharges for the total river discharge. In this
case, cross-sections were included in the sane |IFG4 data
deck if they experienced the sane flow regine, i.e. they
were located in the sane side channel. Because of the

hydraulic conplexity of islanded study sites, a total of 15
separate data decks were used for 30 cross-sections.

OBJECTIVE 2: Docunment the use of the LMCR by anadronous and
non- anadromous fish

W determned the relative seasonal densities of fishes
present in the LMCR. This was acconplished using a
proportional sanpling strategy to further stratify the
hydraulic simulation study sites (also referred to as study
sites) into finer habitat types. Direct observation |anes
were then assigned into these habitat types. Then we
wei ghted our sanpling effort by habitat type and between
hydraulic sinulation sites by varying the |ane |engths.
Finally, we sanpled the lanes and recorded the nunber fish
observed.

M crohabitat preferences for the fishes observed were
docunented by neasuring the velocities, depths, substrate,
and cover at the exact |ocation where fish were counted.

Vel ocity, depth, substrate, and cover frequency data were
reduced to mcrohabitat preference histograns for graphica
di spl ay. An excel l ent description of this procedure was
given by Bovee (1986) and cCrance and Shoemaker (1986). In
general, mcrohabitat data is collected at the |ocation of
an undi sturbed fish. The relative frequency of observations
in predetermned increnments is determned for data from each
m crohabitat paraneter. This produces a m crohabitat
utilization frequency distribution. Depth, velocity,
substrate, and cover are also neasured at nunerous randomy
selected locations within the study site and relative
frequency is deternmined for this habitat conponent. This
component is called habitat availability. crohabi t at
preference is conputed by dividing the relative frequency of
fish observed utilizing an increnent of the m crohabitat
paraneter by the relative frequency of observation of that
increments availability at the study site. Then the data
are normalized and a histogram is constructed to graphically
di splay the mcrohabitat preference of the species. A curve
is then fitted over the histogram by eye or statistics,
thereby, producing a Suitability Index Curve (SlI). These S
curves are then used in IFIM to predict relationships
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bet ween streanflow and fish habitat. In our study we
collected frequency data that represented m crohabitat
preference without the internediate step of correcting for
avai lability. This was done by sanpling the habitat using a
proportional sanpling strategy to be described hereafter
However, we did not normalize our histograns and fit them
with curves since they are not yet intended for use in IFIM
nodel | i ng.

In the followi ng sections, we present detailed nethods
used in direct observation |ane assignnent, collection of
fish density data, density data analysis, collection of fish
m crohabitat preference data, and mcrohabitat preference
data anal ysi s.

Direct Cbservation Lane Assignment:

W established direct observation lanes within the study
sites by using a nodification of the proportional sanpling
approach (Bain et al. 1982 in Bovee 1986). Proportiona
sanpling requires the division of each study site into
finely delineated habitat types. W used a nore sinplified
approach than Bain's because of the large size of the LMCR
Pool and run habitat types (See Table 2) |ocated on bends
were further divided into inside and outside units to
provide for habitat differences caused by the triangul ar
shape of the channel and runs deeper than 4 m (14 ft) were
classified as deep runs.

W determi ned which habitat types to sanple based on
area; the nost abundant habitats at each site were sanpl ed.
If a habitat type contributed |ess than 10% of the tota
site area it was not sanpled except when this habitat was of
special interest (i.e. intermttent side channel capable of
stranding fish). Again, we used a planineter on aeria
phot ographs taken at a flow approximately equal to the
rivers average annual discharge of 397 cms (14,000 cfs) to
neasure habitat area within each site.

Sanpling effort was distributed by varying |lane |ength
proportionally to habitat type area. The single nost
abundant habitat of all sites conbined was represented with
an arbitrarily established distance of 366 m (1200 ft). The
lane lengths at all remaining sites were determ ned by
dividing the area of their respective habitat by the area of
the nost abundant habitat. W then nultiplied 366 m by this
fraction to determne the length of the | ane. This al so
insured that sampling effort at each site was proportiona
to site area; larger sites received nore sanpling effort
(rmeasured in terms of lane length) than small sites.
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Lane widths were neasured to mddle of the channe
t hal weg. Therefore, as discharge increased lane width
i ncreased and vice versa.

The actual placenment of the |anes was done by
superinposing a nunbered grid over site photographs and
drawi ng random nunbers.

In the field, study |lanes were cross sectionally
stratified based on water depth into snorkeling and SCUBA
corridors (Figure 2). Snorkeling corridors were up to 1.2 m
(4.0 ft) deep and SCUBA corridors ranged from1l1l.2 to 7.6 m
(4.0 to 25.0 ft) deep. Di ve buoys were used to mark the
boundaries of both strata and to provide guidance for the
di vers. Hand held range finders and survey tapes were used
to neasure the distance from the shore to each of the four
buoys and total channel w dth.

Col l ection of Fish Density Data:

W sanpled each |ane at each study site bi-weekly from
July through Novenber and once in Decenber using two divers
and two snorkel ers. One counting pass was nmade in each |ane
per day.

Two snorkelers conpletely sanpled the inshore shall ow
snorkeling corridor by creeping downriver (Figure 2). The
SCUBA team covered the deeper SCUBA corridor by drifting,
crawling, and wal king a diagonal downriver descent pattern
(Figure 2). Prior to the dive we assessed the maxi mum
underwater visibility. W used nmaxi mum underwat er
visibility to establish the observation distance within fish
were to be counted. To do so we first nultiplied the
maxi mum underwater visibility by a reduction factor of about
0.6. Secondly, we cut a piece of cable twice this
calculated length and marked it's mdpoint wth flagging.
During the dive we held the cable taught between divers to
i nsure that spacing was kept constant. The cable al so
regul ated the observation distance within which fish were
count ed. Each diver counted fish which passed between
hi nsel f and the ribbon on the cable and within half a cable
length to his left or right (Figure 2).

Divers wore up to 30 Kg (66 Ibs) of lead and felt soled
wadi ng boots to facilitate control during downriver descent.
This technique proved executable in water with bottom
velocities less than 1.2 m/sec (4.0 ft/sec).

Each study site contained swift water sanpling |anes
with bottom velocities exceeding 1.2 m/sec (4.0 ft/sec).
O her researchers have sanpled swift water using a static
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l[ine with drop lines and nountain clinbing equipnent (Li
1988). However, channel w dth and water depth comonly
exceed 92 and 1.8 m (100 yds and 6 ft), respectively. And
nore inportantly, the use of static lines would threaten the
safety of recreational boaters conmon on the LMCR

Therefore, swift water |anes were sanpled using a pass

t hrough technique simlar to that described by Schill and
Giffith (1984). W sanpled fast water |anes by dropping
two snorkelers off the support boat at the top of the SCUBA
corridor. These snorkelers counted fish within a their
respective observation distance while floating downriver

t hrough the buoy narked boundaries of the corridor

Density Data Analysis

Daily fish densities in each snorkeling corridor were
cal cul ated by dividing the nunber of each species observed
by snorkeling corridor area. Daily SCUBA corridor densities
were calculated by dividing the nunber of each species
observed on SCUBA or pass through by the observation area.
Qbservation area was calculated by nmultiplying the tota
observation distance (the sum of both divers observation
di stances) by the length of the nedian diagonal that bi-
sected the SCUBA corridor (see Figure 2).

Once density estimates were calculated for each species
and observation technique, a conposite |ane weighted nean
density was cal culated by conbining the snorkeling and SCUBA
corridor (or pass through) data using the follow ng formnula.

(SnSp/m2 X Snmz) + (ScSp/m2 X Scmz)

Snm2 + Scm2

Wher e: snsp/m? = species density in snorkeling corridor
snm® = snorkeling corridor area

ScSp/m® = species density in the SCUBA observation
area

scm? = SCUBA corridor area
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conposite |lane nmeans from upriver sites were sumed and
averaged by species, size, and season. W al so cal cul at ed
average densities for the sane categories using data from
| ower river sites. Data collected from July through
Sept ember, Cctober through Novenber, and Decenber were
categorized as sunmer, fall and winter densities,
respectively. Age for size groupings of wld
rai nbow st eel head was determned with data collected during
our tributary study.

The original intent of the this tributary study was to
docunment mainstem rearing of wld steel head parr produced
naturally in the lower tributaries of the LMCR W pl aned
to differentially mark 1,000 60-200 mm (2-8 in) parr in Lolo
Creek, Big Canyon Creek, Cottonwood Creek, and Bedrock
Cr eek. However, late spring runoff reduced our sanpling
time so we limted our marking efforts to Bedrock Creek.

W el ectrofished Bedrock creek six tines in the |ast
two weeks of June with a battery operated backpack shocker.
W neasured total length and nmarked the rainbow steel head
parr coll ected. W injected Alcian blue dye into the upper
caudal fin with a panjet marker (Hart and Pitcher 1969).
Scal es were taken on fish mdway between the adi pose and
dorsal fins just above the lateral Iline. Fi sh were
identified as wild parr or hatchery snolts based on the
presence of an adipose clip given to all DNFH steel head
snmol ts.

Scal es of each rainbow steel head trout were nounted and
pressed on an acetate slide. Cl ean non-regenerated scales
were exam ned on a mcrofiche reader at 42X magnification.
W recorded the nunber of annuli neasured on each scale.

Collection of Fish Mcrohabitat Preference Data:

M crohabitat data were collected concurrent wth
density estinmates. The procedure varied by observation
techni que. Wen fish were observed by snorkeling, their
| ocati ons were marked. Fi sh species, size, nose depth, and
association with other fishes were recorded inmediately
after sighting. After the snorkeling sublane was sanpled
the observers returned to the marker and neasured the water
velocity at the nose depth and the highest adjacent velocity
within 60 cm (23 in) of the marker. Substrate (See Tabl e
1), cover (see Table 3), total depth, and water tenperature
were al so recorded at the narked site. When fish were
observed by SCUBA divers, the sane categories of data were
recorded. However, all data were collected i mediately when
the fish was counted. Nose and adjacent velocities were
determined using a Price AA current neter and visually
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counting cup rotations in 40 second intervals. Total depth
was mneasured by dive gauge to 30 cm (12 in).

Fish Mcrohabitat Preference Data Analysis:

Prelimnary mcrohabitat preference histograns were
constructed for each species and age class of fish observed
by conbi ning every observation recorded during sumrer and
fall at a range of discharges of approximately 100 to 400
cms (3,500 to 14,000 cfs).

OBJECTI VE 3: | nvestigate the incubation, rearing, and
outmgration timng of fall and sunmer
chi nook sal non:

W estimated egg devel opnent timng of sunmer and
fall chinook sal non using USGS water tenperature data and
hat chery chi nook sal non egg incubation tenperature unit
requi rements (Connor 1989). Based on this data, we asserted
that summer and fall chinook fry would enmerge in Novenber
and May, respectively. Subsequently, we designed an in situ
i ncubation study using sunmer and fall chinook e%gs to
verify these predictions. Unfortunately, South Fork Sal non
Ri ver sunmer chinook eggs were not available due to the
depressed run sizes of these fish. Snake River Fall chinook
wor k commenced on schedule and will be discussed in a later
report.
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RESULTS AND DI SCUSSI ON

OBJECTIVE 1: Quantify the existing anadronous salmonid
spawni ng and rearing habitat in the LMCR and
devel op capabilities to predict habitat
condi t1ons under various Dworshak Dam
di scharge regines

River Stratification:

Based on flow regi ne and channel norphol ogy we divided
the LMCR into three segments (Appendix A, Tables A -A3 and
Fi gures Al -A2). The first segnent began directly across
from the potlatch MII and extends 16.0 km (9.9 m) upriver
to the nouth of Potlatch River. The second segnent began at
the nmouth of the Potlatch River and ends 16.5 km (10.2 m)
upriver at the nmouth of Bedrock Creek. The third segnent
began at the nouth of Bedrock Creek and extends 21.8 km
(13.6 m) wupriver to the confluence of the LMCR and North
Fork d earwater River. Not ably, we did not studK the 1.6 km
of Lower Granite Dam influenced backwater from the
Clearwater Menorial Bridge to the Potlatch MII. W al so
excluded the river reach extending approximately 1.6 km down
fromthe North Fork and LMCR confluence because of the
extreme effects Dworshak Dam rel eases on its hydraulic and
nor phol ogi ¢ characteristics.

W established study sites within the Potlatch River
and Bedrock Creek segnments because of the presence of
spawni ng gravel and fall chinook spawning activity (Appendix
A, Table A4, and Figures A3-A4). In addition to their val ue
as spawning areas both sites were typical of their
respective segnent based on habitat type area (Appendix A,
Tabl e AD). Since the North Fork segment had supported no
det ect abl e chi nook spawning activity we selected two study
sites containing the domnant rapid riffle/pool sequences of
the segnment and which were easily accessible by boat
(Appendi x A, Table A5 and Figure A5).

Cross-section Pl acenent:

The Potlatch River study site was initially divided
into | ower and upper areas. The | ower area represented a
very conplex islanded reach simlar to others within the
LMCR below the Potlatch R ver confluence (Appendix A Table
A6 and Figure AB). Si xteen cross-sections were placed to
characterize known spawning and typical habitat. The upper
Potlatch area consisted of a sinple single islanded reach
(Appendi x A, Table A7, Figure A6) and was represented by
four cross-sections.
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The Bedrock Creek study site was represented by 9
cross-sections | ocated above the Cherry Lane Bridge
(Appendi x A, Table A8, Figure A7). This site was
characteristic of the sinmpler island conplexes within the
Bedrock Creek segnment and had cross-sections |ocated across
known fall chinook spawning areas and |arge areas of
sui tabl e spawni ng gravel. During final cross-section
pl acement within this site we noved the upriver nost
transect a considerable distance downriver to into identical
habitat which was easier to access.

The North Fork segnent was conposed of rapid riffle and
pool sequences and contained two hydraulic simulation study
sites. The Big Canyon Creek study site was represented by
three cross-sections (Appendix A Table A9 and Figure A8).
Conditions within the North Fork study site were highly
uniform and only two cross-sections were prelimnarily
assi gned. The upstream cross-section NF-1 (Appendix A,
Table A9, Figure A9), was not neasured because of severe
hydraulic conditions. Rapid riffle sections of the North
Fork site not represented by failure to neasure NF-1 were
represented by cross-section BGC2 in the Big Canyon Creek
study site (Table a9, Figure A8) of the North Fork segnent.

Hydraulic Simulation:

D scharge readings for stage discharge regressions were
obtained fromthe GOES stations and are presented in
Appendi x B (Table B1). Changes in discharge were noted
during sonme of the days in which rebar were placed, though
these changes were relatively small. Slight differences in
di scharge were observed between the two USGS stations,
reflecting tributary inflow over a distance of 39 km (23
mles). Constant release flows from Dworshak Reservoir were
mai ntained in the LMCR by the Arny Corps of Engineers for
this study. Consequently, steady state flow conditions were
assunmed to exist during stage-discharge and velocity
cal i bration neasurenents.

Overall, prelimnary runs of |IF& using stage-discharge
and velocity calibration data produced highly acceptable
sinmulations of hydraulic geonetry for the LMCR over a W de
range of flow (Appendix B, Figures Bl-B30). Analysis of
stage-di scharge rel ationships and other output using REV14
and |F&4 indicated that the IF& hydraulic sinmulation nodel
was very appropriate for nodelling hydraulic conditions for
nost cross-sections established on the LMCR Key to
understanding the suitability of the stage-discharge
relationship calculated for each transect was the high
goodness-of -fit (R-Squared value) and |ow regression
variance observed for the logarithm c stage-di scharge
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rel ationship calculated at each transect. Accur at e
hydraulic simulations resulted in many respects from the
unusual Iy high nunmber (i.e. six) stage-discharge pairs we

obtained at each transect. Also, we did not extrapolate
cal cul ated stage-discharge relationships above the naxinmm
or m ni mum di scharges neasured. Finally, the the regular

cross-sectional shape of nobst transects contributed to the
accuracy of hydraulic sinulation.

Only two problens were identified at certain transects
during IFG4 calibration runs. First, predicted discharges
applied to certain transects located in side channels of
islanded study sites resulted in unusually high cel
velocities during sinulated low flow (less than 6,000 cfs
total river discharge) conditions. This problem which is
detectable in our VAF plots (Appendix BO, can be easily
renedi ed by acquiring additional discharge neasurenents in
t hese side channels during low flow conditions during the
sumer of 1990. Second, <calibration procedures indicated
t hat because several transects had a highly conplex
cross-section, the stage-discharge relationship calculated
for these transects was not predicting discharges at high
(greater than 40,000 cfs) and low (less than 6,000 cfs) flow
condi ti ons. This problem can be renmedied by requiring |F
to base sinulation calculations for neasured water surface

el evations, instead of elevations predicted by the
stage-di scharge relationship, for specified discharges. This
procedure is explained in greater detail in Appendix B.

Frequency distributions for velocity, depth, and substrate
were presented for: Potlatch River study site intermttent
channel and spawning areas; Bedrock Creek study site
spawni ng areas: Big Canyon Creek study site rapid riffles:
and Big Canyon Creek and North Fork study site pools.

Al t hough a nunber of flows were nodeled with IFG4 during
calibration procedures, we presented simulations for |ow
flow (approx. 85 CMB or 3,000 cfs), nedium flow (approx. 450
CVMB or 16,000 cfs), and high flow (approx. 1300 CMS or

46, 000 cfs) conditions. Sinulated velocities, depths, and
substrate were obtained for each of these discharges from

| FA production runs.

Hydraulic simulation of of Potlatch River study site
intermttent side channel habitat indicated that low to
nmedi um fl ows provided shallow | ow velocity habitat (Figures

3 and 4). At higher discharges, shallow water becane
scarce. However, significant areas having |low velocities
were still observed. The channel bottom in the intermttent

channel habitat was conposed |arge gravel and snall cobbles
(substrate codes 4 and 5), nore of which is wetted at
noderate flows than at low flows (Figure 5). However, there
was little gain in wetted substrate at high modelled flows

33



since the islands form ng these side channels are topped
over at approxinmately 566 cms (20,000 cfs).

Depth simulations for Potlatch River study site
spawni ng areas showed considerable change with flow (Figure
6). Shallow water predom nated at |ower flows and depth
i ncreased quickly from medium to high fl ows. Li kew se,
simul ated velocities increased dramatically from low to
medi um flows (Figure 7). High flow sinulations exhibited a
wi de range of fast noving water. Substrate in these
spawni ng areas was domnated by snmall cobbles at all
simulated flows (Figure 8). A large increase in wetted
substrate was evident between |ow and medium flows, while
there was little change from nmedium to high flows.

Depth simulations for Bedrock Creek study site spawning
habitat elicited a very gradual stair stepping pattern
towards deeper water as simulated flow was raised (Figure
9). The sane patterns was denonstrated by the response of
velocity to flow, increases in flow caused gradual increases
in velocity (Figure 10). Spawni ng substrate in the Bedrock
Creek study site was predomnantly a mxture of small to
nedi um cobbl e, which was wetted gradually in even increments
as flow increased.

Simul ated depths for Big Canyon Creek study site rapid
riffle habitat shifted evenly from shallow to deeper water
as flow increased (Figure 12). A substantial junp in
velocity was detectable with an icrease from |low to nedium
flow, while from nedium to high flow a nore increnental

shift was evident (Figure 13). From low to nedium fl ows
large cobble (code 7) energed as the subdom nant particle to
nmedi um cobbl es (code 6) (Figure 14). More substrate is

wetted at high simulated flow, but the particle size pattern
remai ned unchanged.

Pool habitat depth simulations for the Big Canyon Creek
study site were conplicated becuase of the irregular shape
of the channel in neasured areas. More depth intervals were
accounted for with each increase in flow and the nunber of
counts for each existing interval remained simlar (Figure
15). Velocity increased with flow in a stair stepped
pattern (Figure 16). Pool substrate was a heterogeneous
m xture dom nated by snall boulders (code 8) (Figure 17).
Large cobbles (code 7), which were dry at low flow, were
wetted at nedium flow .
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Figure 17.  Substrate distribution of Big Canyon pool habitat at low, medium,
and high flows.
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OBJECTIVE 2:  Document the use of the LMCR by anadronous and
non- anadromous fish

Direct QCbservation Lane Assignnent:

W assigned four |anes at each study site except for
the North Fork study site where we placed two (Appendix C
Tables d-2 and Figures d-8). I ntentional and
unintentional alterations were made during the final
| ocati on and neasurenent of |ane lengths at all but the
North Fork study site (Appendix C. This affected the
accuracy of the data presented in this report. However, it
is essential to note that a thoroughly planned sanpling
strategy limted the resulting biases and the inaccuracies
are easily correctable. Wth this in mnd we l[imted the
remai ni ng di scussion of our results to the nost obvious
patterns and trends evident in the follow ng tables and
figures.

Col l ection of Fish Density Data:

W did not depict the chinook salnon parr densities due
to the low nunbers of these fish we observed. Qur first
chi nook sighting occurred during our tributary survey in
June, (Appendix C) when we electrofished five 60 mm (2.4 in)
parr at the nouth of Bedrock Creek. Based on the size of
these fish we speculated that they were nost |ikely young of
the year fall chinook salnmon. W recorded the next chinook
observation at the Potlatch R ver study site in Cctober
One 127 mm (5 in) parr was observed in a school of about 7
juvenile whitefish (Prosopium sp.).

WIld rainbow steel head parr and residualized hatchery
snolt densities were highest in the sumer then declined
through the fall until w nter when none were observed (Table
4 and Figure 18). Hat chery residuals were nore abundant
than wild parr during all seasons sanpl ed. Both wild parr
and hatchery residuals were nore abundant in our upriver
than down river study sites.

Age 0 redside shiners (Richardsonius balteatus) were
abundant at both sites during the sumer (Table 4 and Figure
19). By the fall and winter these fish were never observed
Conversely, few age |+ redside shiners were observed in the
sunmmer and fall and no observations were recorded in wnter

(Table 4, Figure 19). More age O fish were observed upriver
t han downri ver. Age |1+ fish were nore abundant downriver
t han upriver. Overall, age 0 redside shiners were nore

abundant than age |+ redside shiners.
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abundant

Mountain whitefish (pP. williansoni) were nopst
in the fall (Table 4 and Figure 20). And whitefish
densities were higher in summer than w nter. Largescal e

sucker (Catostonus nmcrocheilus) wupriver densities were
hi ghest in the summer and downriver densities were highest
in the fall (Table 4 and Figure 20). Overall, whitefish and
sucker densities were quite simlar.

G her fishes were observed in |ow nunbers including
northern squawfish (Pvtochelius oregonensis), snallnouth
bass (Mcropterus dolomeui), wld adult resident rainbow

r ai nbow trout
Fish and Ganme during
nore data on these

trout, and ventral fin clipped hatchery
released in by the |daho Departnent of
the fall of 1989. W expect to collect
species during the 1990 field season.

Table 4. Calculated densities expressed as number per hectare (#/HA) for age 0 wild
rainbow/steelhead parr (RBT0), age I+ wild rainbow/steelhead parr (RBT1), hatchery
residualized steelhead trout (HRBT), age O redside shiners (RS0), age I+ redside shiners
(RS1), large scale sucker (S), mountain whitefish (WF) collected in the Potlatch, Bedrock
Creek, Big Canyon Creek, and North Fork study sites of the lower mainstem Clearwater (LMCR)
project area, 1989.

Potlatch and Bedrock Creek study sites

North Fork and Big Canyon Creek study sites

Species Summer Fall Winter Summer Fall Winter
#/HA(SE) #/HA(SE) #/HA(SE) #/HA(SE) #/HA(SE) #/HA(SE)
RBTO 0.5¢(0.0) 0.0¢0.0) 0.0¢(0.0) 2.8(0.2) 0.0¢0.0) 0.0¢0.0»
RBT1 0.9¢0.2> 0.0¢0.0) 0.0¢0.0) 1.9¢0.2) 0.2(¢0.0) 0.0¢0.0)
HRBT 2.1¢0.2) 0.2¢0.0) 0.0¢0.0) 7.6(0.5) 5.6¢0.7) 0.0¢0.0)
RSO 897.0(163) 0.0¢0.0) 1.6¢0.2) 2006(¢202) 0.0¢0.0) 0.0¢0.0)
RS1 54.9(6.5) 9.5¢(0.0) 0.0¢0.0) 9.3¢(0.9) 0.0¢0.0) 0.0¢0.0)
S 43.8(3.0) 73.7¢(5.3) 10.9(0.9) 159.9¢11.6) 19.9(2.8) 2.5¢(0.5)
WF 26.9(3.2) 72.5(6.0) 7.0¢0.7) 51.7(3.7) 65.8(8.1) 8.8(0.7)
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Collection of Fish Mcrohabitat Preference Data:

Resi dual i zed hatchery steel head smolts selected for
specific nose velocities adjacent to higher velocities
(Figure 21). Oten residuals were within 30 cm (1.0 ft) of
the bottomin 120 cm (3.9 ft) of water. Residuals rarely
conceal ed thensel ves behind velocity cover, but were often
found over small boul der substrate.

Because of the |ow seeding |level of the IMCR we collected
little mcrohabitat data for age 0 and I+ wld
rai nbow\ st eel head parr. Subsequently, we did not graph age
| + data. Li kewi se, histograns for age O+ parr (Figure 22)
are not precise depictions of mcrohabitat selection since
we observed only a small nunber of these fish
Prelimnarily, parr, like snolts selected nose velocities
adj acent to higher velocities. Most parr observed were from
10 to 15 cm (0.5 to 0.6 ft) off the bottom However, no
clear relationship is evident with total depth. More parr
preferred cover than did not and this cover usually
consisted of small cobbles.

Age 0 redside shiners selected positions with | ow
velocity adjacent to slow water (Figure 23). In nost cases
these shiners were near shore in shallow water within the
interstices of small cobble substrate. H st ogranms were not
constructed for age |+ redside shiners due to the snal
sanpl e size of these fish we obtained.

Largescal e suckers selected for noderate water velocities
| ess than 45 cm/sec, (1.5 ft/sec) below higher adjacent
velocities (Figure 24). Al though suckers were commonly seen
in deeper water they always positioned thenselves in close
proximty to the bottom Suckers rarely used cover and were
found over substrate ranging in size from smaller cobble to
| ar ge boul der.

Mountain whitefish selected for slightly higher nose
vel ocities than suckers, but adjacent velocities were
simlar (Figure 25). Wiitefish selected positions near the
bottom in water between 60 and 90 cm deep (2.0 and 3.0 ft).
Wiitefish selected cover infrequently and appeared to prefer
| arger cobble and boul der substrate.
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SUMVARY

W designed and inplemented a habitat quantification
study to define the relationship between anadronous fish
spawni ng and rearing habitat in the LMCR and instreanflow.
Initially, we stratified the LMCR into three segnents for
st udy. Natural fall chinook were observed spawning in the
two | owernost segnents. Therefore, we established study
sites at these spawni ng areas. In the segnment | acking
spawni ng we studied typical habitat.

We neasured the hydraulics of these strata and sinul ated
hydraulic conditions over a range of instream flows using
the IF& hydraulic sinmulation conputer nodel. \\ter
tenperatures were also collected for future evaluation of
existing fish habitat in the LMCR using a water tenperature
simul ati on nodel .

From the hydraulic simulations we produced prelimnary
frequency histograns for velocity, depth and substrate at
spawning and rearing areas in the LMCR. Tentatively, it
appears that both spawning and rearing requisites of
anadronous salnonids are best nmet |low to noderate
di schar ges. H gher discharges may result in depths and
vel ocities which are unsuitable for chinook sal mon spawni ng
and salmonid parr rearing.

W did not detect any substantial chinook parr rearing in
the LMCR

Prelimnarily, the LMCR parr rearing habitat appears to
be under seeded. Resi dual i zed Dworshak steel head snolts were
nore abundant than wld rai nbow steel head parr during
summrer, fall, and winter, but both snolts and parr were
observed in |low nunbers relative to the area sanpl ed.
Densities of both fish were highest in sumrer then declined
progressively until w nter when few were detected.

The under seedness of the LMCR prevented the acquisition
of enough W ld rainbow/steelhead parr and residualized
Dwor shak National Fish Hatchery snolt observations to allow
an accurate representation of the mcrohabitat preferences
of these fish. This situation will be renmedied in 1990 by
altering our sanpling strategy.
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Segnent Division by Flow Regine:

D scharge data for the mgjor tributaries of the LMCR is
scarce. USGS gaging stations are located on the mainstem at
O ofino, Peck, Spalding, and in Lapwai OCreek. USACE records
Dwor shak Dam Di scharge on the North Fork. Al other
information was collected from technical reports. Di schar ge
data indicate that the North Fork C earwater R ver increases
mainstem Cl earwater discharge by 40.8 % (Table Al).
Therefore we placed a segnent boundary at this |ocation.

There are no diversions in the |ower mainstem C earwater
River that would equal 10% of annual discharge (40 CMS or
1,400 CFS).

Table Al. Annual neasured discharges from the LMCR and
major tributaries used to estimate flow
accretions in the river.

Wat er source Aver age annual Per cent
di schar ge accretion
(cms) (cfs)

Mainstem at Orofino?® 246 8, 686 N/A
North Fork® 171 6, 038 40. 8%
Mainstem at Peck® 406 14, 336 N/A
Bi g canyon® 0.2 7 <1%
Jacks® 4.6 162 <1%
Bedrock® 2.1 74 <1%
Cottonwood® 3.8 134 <1%
Potlatch® 10.1 357 4. 8%
Mainstem at Spalding® 418 14, 760 N/A
Lapwai® 2.5 88 1%

a = USGS gaging station data

b = USACE

c = Kucera and Johnson 1986

Segnent Divi sion bly Channel Mor phol ogy
Longi tudinal Profile:

The slope of the LMCR from the North Fork confluence to
Lewiston is only .14%. The only noticeable change in slope
occurs at Big Eddy Bel ow Lenore (Figure Al). Therefore, no
segnent boundaries were placed based on river gradient.
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Channel Pattern:

The channel is relatively straight from the North Fork
confluence to Big Canyon Creek and exenplifies the typica
riffle/ pool sequence (Table A2). Sinuosity increases
between Big Canyon Creek and Bedrock Creek. The nost obvious
pattern change begins bel ow Bedrock Creek where braiding
reflected in islanded reaches, beconmes common. Al t hough
differences in sinuosity are not great, it is inportant to
incorporate the single versus braided channel distinction
into overall river segnentation.

Tabl e A2. Stratification of the LMCR based on channe

sinuosity.
Tributary Thal weg Down val | ey Channe
nane di st ance di st ance sinuosity
(km) (mi) (km) (mi)
Potlatch 19.5 11.7 18.7 11.2 1.1
Bedr ock 16.0 9.6 13.0 7.8 1.2
Big Canyon 13.8 8.3 11.4 6.8 1.2
North Fork 8.0 4.8 7.5 4.5 1.1

Sedi ment Suppl y:

Sedi nent problens in the LMCR have received nmuch witten
attention (Haber et al. 1978, Lane, Lane, and Nash 1981

Mur phy 1986, Mirphy and Johnson 1986). Al lower river
tributaries contribute large sedinent |oads to the mainstem
(Mur phy 1986). The volume of water, however, contri but ed
by nost of these tributaries is small and it is not feasible
to segnent the river at each tributary nmouth, as described
above. At best a segnment boundary could be placed at the
Potlatch River confluence since this is the |argest |ower
mainstem tributary and is capable of flash fl ooding.

Speci al consideration may be warranted at Bedrock Creek
since an ongoi ng watershed planning project is being
conducted there by the Soil Conservation Service (SCS) and
the confluence is located near an obvious change in channe
pattern.
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Bank Materials, Topography, and Vegetation:

A detail ed discussion of bank materials of the LMCR is the
subj ect of ongoing study by the Nez Perce Tribe and the SCS
(Dave Eby pers. comm.) and is well beyond the scope of this
report. Nonet hel ess, sone differences in the |ongitudinal
distribution of soils is evident in our study area (Table

A3) .

Tabl e A3. Longitudinal distribution of soil classifications
along the |lower mainstem O earwater River from
Oofino to Lew ston, |daho.

Ri ver section Aspect Soil cl ass

North Fork confl uence

to Bedrock Creek Nor t h Jnl
Sout h Rnl

Hat wai Creek

to Lewiston North c4
Sout h Pr
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Spawni ng Habitat:

Twenty-ei ght areas were |ocated and napped from the
Potlatch MII to North Fork/LMCR confluence with substrate
of suitable size, enbeddedness, and friability for fall and

sumer chi nook sal non spawning (Table A4). Subsequently, 21
fall chinook redds and four fall chinook carcasses were
counted during our helicopter flight. Al'l redds counted

were in the Potlatch River and Bedrock Creek Segments within
potential spawning areas nmapped prior to the redd survey
(Figures A3 and A4). Nine redds were located wthin the
Hog Isle conpl ex. The Cherry Lane Island Conplex contained
ei ght redds.

Table A4. Spawning gravel information from the Potlatch M|
confluence to North Fork/lower mainstem O earwater
conf |l uence.

Locati on Code
Gl 45,2
@ 45.0
& 54.5
(€7} 54.2
(€3] 45. 2
G6 54.0
G/ 54.2
(€] 45.0
G9 45.0
G10 42.0
G1l1 42.0
Gl2 56.5
Gl3 45,2
Gl4 45. 0
Gl5 42.0
Gl6 54.2
Gl7 45,2
G18 54.0
G1l9 54.5
G20 45,2
@1 45.0
22 54.2
G23 24.5
G4 56. 2
@25 54.2
G26 45.0
Q7 62.2
G28 42.0
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Table A5.

Habitat type area by segment and site within the lower

mainstem Clearwater River (LMCR) project area.

Habitat type Potlatch River

Bedrock Creek

North Forka

Segment Site Segment Site Segment Site
area area area area  area area
(HA) (HA) (HA) (HA) (HA) (HA)

Run 172.3 66.2 162.1 29.4 0.0 0.0
Rapid run 4.7 0.0 20.9 5.8 16.3 2.2
Rapid riffle 13.7 0 4.4 3.2 66.0 37.6
Pool 0.0 0 13.0 0.0 116.5 48.1
Eddy 0.0 0 7.2 0.0 5.6 0.0
Side channel 23.4 17.4 23.5 7.7 2.3 0.0
Intermittent 7.4 7.4 0.0 2.7 0.0 0.0
side channel
Total 221.5 91.0 231.1 48.8 206.7 87.9

Site area calculated
data
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Table A6. Habitat representation by cross-section at the
| ower area of the Potlatch Site, Potlatch R ver
Segment, |ower mainstem C earwater R ver (LMCR)
proj ect area, 1989.

Cross-section nunber Habitat and hydraulic
characteristics

LP-1 Run

LP-2 Run

LP-3 Rapid riffle, spawning gravel

LP-4 Spawni ng gravel

LP-5 Run, spawning gravel

LP-6 Run, spawning gravel

LP-7 Run, spawning gravel

LP-8 Run

LP-9 Stage of zero flow for side
channel, not neasured but
surveyed

LP-10 Intermttent side channel

LP-11 Intermttent side channel

LP-12 Si de channel

LP-13 Si de channel

LP-14 Stage of zero flow, not measured,
but surveyed

LP- 15 Si de channel

LP-16 Rapid riffle containing stage of

zero flow for side channel
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Table A7. Habitat representation by cross-section at the
upper area of the Potlatch Site, Potlatch River
Segnent, |ower mainstem O earwater River (LMCR)
proj ect area, 1989.
Cross-section nunber Habitat and hydraulic
characteristics

UP- 1 Run

UP- 2 Run

UP- 3 Run, spawni ng gravel

UP- 4 Si de channel
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Table A8. Habitat representation by cross-section at the
Bedrock Creek Site, Bedrock Creek Segnent, | ower
mainstem O earwater R ver (LMCR) project area,
1989.

Cross-section nunber Habi tat and hydraulic

characteristics

BDR- 1 Rapid run, not neasured

BDR- 2 Run, significant spawning gravel
ability

BDR- 3 Run, significant spawning habitat
availability

BDR- 4 Run, spawni ng habit at

BDR- 5 Run, spawning habit at

BDR- 6 Run

BDR- 7 Run

BDR- 8 Si de channel

BDR- 9 Si de channel
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Table aA9. Habitat representation by cross-section at the
North Fork Site, North Fork Segnent, | ower
mainstem Cl earwater River (LMCR) project area,
1989.

Cross-section nunber Habi tat and hydraulic
characteristics

BGC- 1 Pool, triangular channel
BGC- 2 Rapid, riffle

BGC- 3 Pool, triangular channel
NF- 1 Rapid riffle,

not rmeasured
NF- 2 Pool
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APPENDI X B
Hydraulic Sinulation
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St age- Di scharge Rel ati onshi p:

Di scharges obtai ned from USGS gages at Peck and Spal di ng
at presented in Table B1. These discharges were used by
|F&A for calculation of stage-discharge relationships.

Di scharge readings provided correspond to the dates and
times at which water surface elevation rebar where placed on
the LMCR.

Several different nodeling options are available W th
respect to the discharge used by IFG4 for calculating the
stage-di scharge relationship for a given cross-section
These nodeling options are specified different conbinations
of Input-Qutput Card (10C) Options 5 and 8 in the IFG4 data
deck. Several options are provided for special situations
when discharge is not consistent anong transects, such as
caused by subsurface flows. Additional options allow the
use of discharges calculated by the program at velocity
calibration flows for subsequent cal cul ations of
st age-di scharge relationships.

For IF&4 hydraulic sinulations of the LMCR, we set |1CC
Option 5 to 1, 10C Option 8 to O. This conbination of |1CC
options invokes the use of a stage-discharge relationship
based upon given discharges, such as provided by USGS gagi ng
station data, instead of discharges calculated by IF& from
velocity calibration data (MIlhous et al 1984). These

di scharges are specified on the WSL-di scharge calibration
(CAL) lines of the input data deck. This hydraulic
sinulation option is appropriate when gaging station data is
t hought to provide the best estimate of discharge, or when
vel ocity neasurenents obtained at cross-section may be
inaccurate (M| hous et al 1984).

We concluded that this |F& nodeling option was nost
appropriate for hydraulic sinmulations applied to the LMCR
for three reasons. First, because the Spalding and Peck
USGS gaging stations were both rated as "excellent", we
concluded that they would provide nore accurate discharge
readi ngs than the discharges calculated at IFIM
cross-sections from velocity neasurenents. Sone of the
cross-sections enployed in our study were probably
susceptible to velocity neasurenent errors due to conplex
hydraulics (e.g. standing waves; vertical eddy currents
associated with large boul ders) encountered at the 323 cms
(11,400 cfs) velocity calibration discharge, or due to an
irregular cross-sectional profile. Second, discharge was
very consistent anong cross-section during the placenment of
wat er surface elevation rebar because of the extrenely mnor
contribution of tributary inflows to the mainstem river
Consequent |y, discharge readings from the Peck Gage could be
applied to all North Fork and Big Canyon Creek study site
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cross-sections, and from the Spalding Gage for all Bedrock
Creek and Potlatch River study site cross-sections. For
islanded reaches of the Bedrock Creek and Potlatch R ver
study sites, total river discharges obtained from USGS gages
provided the basis for partial discharge calculations for
side channels. Third, steady flow conditions existed during
rebar placenent and velocity calibration neasurenents due to
controlled flow releases from Dworshak Reservoir. Steady
state discharge conditions were verified by tenporary staff
gages placed at each study site during water surface

el evation and velocity calibration neasurenents. Steady

di scharge conditions were also evident from hourly flow data
obtai ned from the USGS. These conditions allowed us to
assune the discharge was consistent between cross-sections
and the USGS gaging station at any given tine.
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Table B1. Lower mainstem C earwater river discharge data
obt ai ned from USGS GOES stations at Peck and
Spal di ng.
Station Dat e Ti me D schar ge
(cms) (cfs)
Peck 6/7/89 10:08 am 1294.2 45, 698
10:35 am 1295.9 45,758
10:44 am 1301.6 45,959
11:15 am 1301.6 45,959
12:38 pm 1301.6 45, 959
2:04 pm 1301.6 45,959
Spal di ng 6/7/89 3:43 pm 1340.9 47, 347
4:50 pm 1340.9 47, 347
Peck
6/13/89 9:21 am 984.1 34,749
9:58 am 990.6 34,978
10:05 am 990.6 34,978
10:42 am 990.6 34,978
12:42 pm 1007.1 35,561
1:15 pm 1007.6 35,578
Spal di ng 6/13/89 2:26 pm 1026.3 36, 239
4:14 pm 1026.3 36, 239
Peck 6/29/89 8: 00 am 447.5 15,801
8:43 am 447.5 15, 801
9:07 am 447.5 15, 801
9:25 am 447.5 15,801
10:25 am 447.5 15, 801
11:45 am 444.1 15,801
Spal di ng 6/29/89 1: 00 pm 463.3 16, 359
3:45 pm 463.3 16, 359
Peck 7/6/89 11:15 am 312.7 11,041
11:40 am 312.7 11,041
12:40 pm 312.7 11,041
1:12 pm 312.7 11,041
1:30 pm 312.7 11,041
2:30 pm 312.7 11,041
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Table Bl (cont). Lower mainstem C earwater river discharge
data obtained from USGS GOES stations at
Peck and Spal di ng.
Station Dat e Ti me Di schar ge
(cms) (cfs)
Spal di ng 7/6/89 4: 00 pm 325.7 11,500
4:30 pm 325.7 11,500
Peck 7/25/89 10:20 am 228. 7 8, 075
10:52 am 228. 7 8,075
11:15 am 228. 7 8,075
11:50 am 228. 7 8,075
12:40 pm 228.7 8,075
1:58 pm 228.7 8, 075
Spal di ng 7/25/89 2:33 pm 230. 4 8, 135
5:11 pm 230. 4 8,135
Peck 8/5/89 9:45 am 85.5 3,019
7:45 pm 85.5 3,019
Spal di ng 8/6/89 7:45 am 86.5 3,054
2:30 pm 85.9 3,033
Peck 8/6/89 2:30 pm 83.7 2, 955
8:59 pm 83.7 2,955
Spal di ng 8/14/89 12: 00 pm 111.9 3,951
1: 00 pm 111.9 3,951
Peck 8/14/89 7:00 am 111.6 3,941
12: 00 pm 111.6 3,941
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Hydraulic Geonetry:

Hydraulic geonetry relationships between w dth, average
depth, average velocity, and discharge are presented in
Fi gures Bl - B30. Several general patterns in hydraulic
geonetry can be observed from these figures which
specifically reflect the shape of the cross-section profile.
For exanple, Lower Potlatch cross-section 1 (Figure Bl) has
a profile representative of nmany main channel sections of

the river. Wdth does not increase much with increasing
di scharge, since the channel is fully wetted even at | ow
di scharges of approximately 85 cms (3,000 cfs). Since main

channel sections of the LMCR has relatively steep banks,
depth instead increases substantially with increasing flow
to approximtely 500 cms (17,655 cfs). Above this point,
velocity shows the greatest increase with respect to

di schar ge. Increased velocities result from | owered overall
channel roughness at higher stages of flow This pattern in
hydraulic geonetry is to a greater extrene in Bedrock cross-
section 2 (Figure B19), which has a fully wetted channe
during low flow conditions, and which has very steep side
slopes attributed to highway riprap on the left bank, and a
railroad grade on the right bank. Steep banks are typical

of main channel sections of the Bedrock Creek, Big Canyon
Creek, and North Fork study sites.

An opposite pattern in hydraulic geonetry is observed in
islanded channel sections, which have relatively broad
fl oodpl ai ns. Lower Potlatch cross-section 3 (Figure B3)
provides a good exanple of this channel type, which has a
relatively narrow wetted channel at |ow discharge

condi ti ons. In this case, width increases greatly wth
i ncreasing discharge to about 400 cms (14, 124 cfs). At this
poi nt, the channel becones fully wetted. Beyond this point,

depth and velocity increased considerably with increasing
di scharge while wdth remains fairly constant.

Unusual patterns in hydraulic geonetry are seen in
several cross-sections. For exanple, velocity decreases
with increasing discharge in Lower Potlatch cross-section 2
(Figure B2) beyond 750 cms (26,483 cfs). Analysis of water
surface slopes indicates that a considerable backwater
ef fect occurs beyond this discharge due to a constriction in
t he channel several hundred neters downstream  Anot her
unusual pattern is observed at Lower Potlatch cross-section
16 (Figure B14), in which average velocity is greatest at
the | ower neasured discharge. Anal ysis of calibration data
indicates that this transects has a highly irregular
cross-sectional shape, having a deep inner channel |ocated
within a broad, flat outer channel. Consequent |y, high
average velocities are experienced in the inner channel at
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| ow di scharges. However, |ower average velocities are
experienced when discharge is sufficient to fill the inner
channel and expand into the broad outer channel. Decr eased
average velocity results from increased overall channel
roughness experienced in the outer channel at higher

di schar ges.

VAF Anal ysi s:

Plots of VAF (velocity adjustnment factor) verse discharge
are presented in figures B31-34. These plots are commonly
used for calibration of IF& hydraulic simulations. Analysis
of VAF's suggested possible stage-discharge calibration
probl em at certain islanded transects. Specifically, the
velocity adjustnent factor should normally increase wth
i ncreasing discharge, indicating decreasing channel
roughness with increased flow The VAF should nornally
approximate unity at the velocity calibration discharge.
However, for several transects the VAF decreased as
di scharge increased. This is evident for Lower Potlatch
cross-sections 13 and 15, and Bedrock Creek cross-sections 6
and 8. This inverse VAF plot is probably caused by the
channel shape of these transects, indicating that a
stage-di scharge relationship may not be appropriate for
t hese transects. These particular transects have an
irregular cross-section, having a defined, steep-sided inner
cEannﬁl which is located within a w de, shallow overfl ow
channel .

This problem can be corrected by an hydraulic nodelling
option of the IFG4 program which essentially bypasses the
use of the regression based stage-discharge relationship.
Instead, of predicting water surface elevations (WSE's) for
each discharge, the WSE's used in the IF& data deck are
those actually neasured in the field at known di scharges.
Since field WSE's are used instead of predicted WSE's, this
nodeling procedure is referred to as an "enpirical nodelling
approach". Additional water surface elevations can be
obtained for internediate discharges by interpolating
bet ween two neasured stage-discharge pairs. roper
application of the option requires neasurement of a relative
| arge nunber of stage-discharge pairs. Since siXx
stage-di scharge pairs were obtained for each transect on the
LMCR, this enpirical nodelling approach nmay provide a nore
appropriate nmethod for sinmulating hydraulic conditions at
certain cross-sections.
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This enpirical approach will be applied in future |IF4
calibration runs to those transects identified as
probl ematic. This nodeling approach is achieved by the
following IFG&4A Input-Qutput Card (10C) Options:

ICC 5 = 0 (turns off use of stage-discharge
rel ati onship):

ICC 8 = 1 (water surface elevation is supplied on WSL
lines for each discharge entered).

This conbi nation of 10C options specify that for each

di scharge (QARD) provided in the IFG4 data deck, a
corresponding water surface elevation will be provided on a
WEL input data I|ine.

Inverse VAF plots can also indicate an overestinmation of
discharge at |ow water surface elevations. VAF's for these
transects will be further analyzed after additional
di scharge neasurenents are obtained in islanded side
channels during low flow conditions.

G ouping of Cross-Sections:

As nentioned we separated the cross-sections into groups
to sinplify sinulation (Table B2). Separation into these
groups was most extrene for the highly conplex Lower
Potlatch area, which consists of three separate channels
whi ch diverged and nerged at different points. G oupi ng of
cross-sections in the Upper Potlatch area and the Bedrock
Creek study site was nmuch nore sinple, since these sites
possessed islanded reaches with a main channel and single
si de channel . The Big Canyon Creek and North Fork sites
consisted only of main channel transects. These latter two
sites were grouped together due to their close proximty.
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Tabl e B2. Channel groupi ngs enpl oyed | F&A hydraulic
simul ations.

Code Descri ption Cross-sections
LPMC Lower Potlatch Main Channel 1,8
LPCC1 Lower Potlatch Center Channel

upstream section 2,3
LPCC2 Lower Potlatch Center Channel

m ddl e section 4,5,6
LPCC3 Lower Potlatch Center Channel

| ower section 7
LPRC1 Lower Potlatch Ri ght Channel

upper section 15,16
LPRC2 Lower Potlatch Ri ght Channel

| oner section 12,13
LPLC1 Lower Potlatch Left Channel

upper section 10
LPLC2 Lower Potlatch Left Channel

| ower section 11
UPMC Upper Potlatch Main Channel 1,3
UPRC Upper Potlatch Right Channel 2
UPLC Upper Potlatch Left Channel 4
BRMC Bedrock Mai n Channel 2,3,7
BRRC Bedrock Ri ght Channel 8,9
BRLC Bedrock Left Channel 4,5,6
BCMC Bi g Canyon Main Channel and 1,2,3

North Fork WMain Channel 1

(conbi ned)
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Figure B1. Hydraulicgeometry for Lower Potlatch Transect 1.
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Figure B2. Hydraulic geometry for Lower Potlatch Transect 2.
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Figure B3. Hydraulicgeometry for Lower Potlatch Transect 3.
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Figure 84. Hydraulic geometry for Lower Potlatch Transect 4.
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Figure B5. Hydraulicgeometry for Lower Potlatch Transect 5.
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Figure B6. Hydraulic geometry for Lower Pctlatch Transect 6
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Figure B7. Hydraulic geometry for Lower Potlatch Transect 7.
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Figure B8. Hydraulic geometry for Lower Potlalch Transect8
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Figure B9. Hydraulic geometry for Lower Potlatch Transect 10.
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Figure B10. Hydraulic geometry for Lower Potlatch Transect 11.

104

Depth (ft) Width (ft)

Velocity (ft/s)



CFS 0 7062 14124 21186 28248 35310 42372 49434
240 L L . 1 ' L 787
200 656

160 |- - - - - 5
E
= 120 - - 3 4
5 1 '?
= 80 062
40 4~ - - - 1 3 1
0 f f f f f f 0

CMS 0 200 400 600 800 1000 1200 1400

CES O 7062 14124 21186 28248 35310 42372 49434
240 L L ' L ' . 16.4
200 - 13.1

3
= 160 [ oe
_i;« 120

= - 6.6

(o B 80 L

8 33

40 :
0 i : : : i i 0
CMS 0 200 400 600 800 1000 1200 1400
CFS 0 7062 14124 21186 28248 35310 42372 49434
4 T T E 1 T 13 - 1
3 9.8

0

2

- 2 6.6

B

E 1 = — 3.3

0 i : : i : : 0

CMS O 200 400 600 800 1000 1200 1400

D ISCHARGE

Figure B11. Hydraulicgeometryfor Lower Potlatch Transectl2.
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Figure B12. Hydraulicgeometry for Lower Potlatch Transectl3.
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Figure B13. Hydraulic geometry for Lower Potlatch Transect 15.
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Figure B14. Hydraulic geometry for Lower Potlatch Transect 16.
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Figure B15. Hydraulicgeometry for Upper Potlatch Transect 1.
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Figure B16. Hydraulicgeometty for Upper Potlaich Transect 2.
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Figure 817. Hydraulicgeometry for Upper Potlatch Transect 3.
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Figure B18. Hydraulicgeometryfor Upper Potlatich Transect 4.
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Figure B19. Hydraulic geometry for BedrockTransect2.
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Figure 820. Hydraulic geometry for BedrockTransect3.
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Figure B21. Hydraulic geometry for Bedrock Transect 4.

115



CFS 0 7062 14124 21186 28248 35310 42372 49434
240 : L L L ‘ L 787
200 656
= 160 | e 525
g ] = o L]
£ 120 = 394
§ 80 262
40 131
0 T T Y T v T Y T T T T T 0
CMS 0 200 400 600 800 1000 1200 1400
CFS 0 7062 14124 21186 28248 35310 42372 49434
500 : . L L L L 16.4
400 13.1
T 300 9.8
L |
E /E/G
a5 200 6.6
o i o
o 2
100 P JC
0 f T } f f } 0
cMS 0 200 400 600 800 1000 1200 1400
CFS 0 7062 14124 21186 28248 35310 42372 49434
1 1 1 1 1 1
4 13.1
3 9.8
@
£ o erd——q
2 l
< 1 3.3
32 - )
0 i T T t t i 0
CMS © 200 400 600 800 1000 1200 1400
DISCHARGE

Figure B22. Hydraulic geometry for BedrockTransect5.
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Figure B23. Hydraulicgeometry for BedrockTransect6.
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Figure B24. Hydraulicgeometry for Bedrock Transect 7.
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Figure 825. Hydraulic geometry for Bedrock Transect 8.
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Figure B26. Hydraulicgeometry for Bedrock Transect 9.
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Figure B27. Hydraulic geometry for Big Canyon Transect 1.
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Figure B28. Hydraulicgeometry for Big Canyon Transect2.
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Figure 829. Hydraulicgeometry for Big Canyon Transect 3.
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Figure 830. Hydraulic geometry for North Fork Transect 2.
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Figure B31. Velocity Adjustment Factor plots by discharge for Lower
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Figure B31 (cont).

Potlatch Transects.
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Oiginally, we had planned to sanple 366 m (400 yds) of
mai n channel run at the Potlatch River study site (Table
c2). However, prior to refining our observation skills we
were unable to effectively sanple this distance. W used
our best field judgenment and reduced the lane length to 183
m Secondly, we found that the channel of a randomy chosen
| ocation for an observation lane in a run was in
di sequi li brium Again we made a decision in the field to
nove the |ane downriver and across the channel into
considerably nore representative run habitat (Figure cC5).

Al so, when re-neasuring a vandalized lane in the Bedrock
Creek study site we misread our field notes. Subsequent | vy,
i nside bend habitat was overrepresented by 55 m (60 yds) at
the Bedrock Creek study site (Table C2 and Figure C6). The
sanme problem occurred at the Big Canyon Creek study site
where during re-neasurenent we under represented rapid
riffle habitat by 72 m (79 yds)(Table C2 and Figure C7).

During data analysis we also found an inconsistency in
sanpling effort distribution between sites. Oten in
popul ati on analysis all subunits of a system are sanpled
equally regardless of their contribution to area of the
system This msrepresentation is then corrected prior to
any statistical analysis of the data by weighting the
observations wusing multiplicative correction factors. W
had hoped to avoid this data weighting procedure by
wei ghting our effort between habitat types according to area
by varying observation |ane |lengths so that the nost
abundant habitat types received the nost sanpling effort.
W also provided for the option to pool data between sites
wi t hout weighting by calculating all lane lengths at each
site in proportion to the length of the |ane representing
t he nost abundant habitat type of all sites (Tables O and
c2). In review, the single nobst abundant habitat of
neasured at all the sites was represented with an
arbitrarily established distance of 366 m (1200 ft). The
remaining lane lengths at all sites were determ ned by
dividing the area of the habitat to be represented by the
area of this single nbst abundant habitat. W then
multiplied 366 m by this fraction. This techni que woul d
have been successful if study site area was indeed
proportional to segnent area. However, as described earlier
we relocated a transect within the Bedrock Creek study site
to consolidate hydraulic transects. W then neasured site
area from the uppernost hydraulic transect to the |ower nost
transect. Consequently, the |argest segment was represented
by the snmallest site which received the |east anount of
sanpling effort (Tables d and C2). These sanpling errors
will be renedied in 1990 by re-neasuring direct observation
| anes and applying multiplicative correction factors to 1989
dat a.
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Table O . Habitat type area for study sites within the
Potl atch, Bedrock Creek, and North Fork segnents.

Site? Habitat type Area Site area
(HA) (HA)
PL Run 49. 8 91.0
PL Si de channel 17.4
PL Deep
run 16. 4
PL Interm ttent 7.4
si de channel
BDR Run 20.8 48. 8
BDR Si de channel 7.7
BDR Rapi d run 5.8
BDR Inside bend run 5.1
BDR Qutside bend run 3.5
BDR Rapid riffle 3.2
BDR Interm ttent 2.7
si de channel
BGC Rapid riffle 23.0 60. 2
BGC | nsi de bend 14. 2
pool
BGC Pool 13. 4
BGC CQut si de bend 9.6
pool
NF Rapid riffle 14. 6 27. 7
NF Pool 10.9
NF Rapid run 2.2

“® Habitat area cal culated by conbining upper and | ower
Potlatch River site area.
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Table C2. Lane assignnents, length, and total conbined
| engths by site and habitat type.

Site Habitat type Per cent Lane Tot a
of habit at | ength conbi ned
conposi tion (m) | ength
at the site (m)
PL Run 55 366 667
PL Deep run 18 120
PL Si de channel 19 127
PL Intermttent side 8 54
channel
BDR Run 43 152 288
BDR Si de channel 15 57
BDR Rapi d run 12 42
BDR I nside bend run 10 37
BDR Qutside bend run 7
BDR Rapid riffle 7
BDR Intermttent 6
si de channel
BGC Rapid riffle 38 168 440
BGC I nsi de bend 24 104
pool
BGC Pool 22 98
BGC Qut si de bend 16 70
pool
NF Rapid riffle 52 106 186
NF Pool 39 80
NF Rapid run 8
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Figure C 1. Mapping strategy used to identify habitat types in the Potlatch River Site for hydraulic cross-section and
direct observation lane assignment, lower mainstem Clearwater River (LMCR) project area.
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Figure C2. Mapping strategy used to identify habitat types in the Bedrock Creek Site for hydraulic cross-section
and direct observation lane assignment, lower maginstem Clearwater River (LMCR) project area.
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Mapping strategy used to identify habitat types in the Big Canyon Creek Site of the North Fork Segment
for hydraulic cross-section and direct observation lane assignment, lower mainstem Clearwater River

Figure C3.
(LMCR) project area.
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Mapping strategy used to identify habitat types in the North Fork Site of the North Fork Segment for
hydraulic cross-section and direct observation lane assignment, lower mainstem Clearwater River (LMCR)

project area.
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Figure C5. Assignment of direct observation lanes ( Il ) in relation to hydraulic cross-sections (PL#) within the
Potlatch River Site of the Potlatch River Segment, lower mainstem Cleat-water River (LMCR) project area.



6¢l

SCALE IN METERS (APPROX)
500 0 500

i‘{&ii‘ :

Figure C6. Assignment of direct observation lanes ( [ ] ) in relation to hydraulic cross-sections (BDR#) within the
Bedrock Creek Site of the Bedrock Creek Segment, lower mainstem ClearwaterRiver (LMCR) project area.
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‘igure C7. Assignment of direct observation lanes ( ll} ) in relation to hydraulic cross-sections (BGC#) within the
Big Canyon Creek Site of the North Fork Segment, lower mainstem Clearwater River (LMCR) project area.
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Figure C8. Assignment of direct observation lanes ( -) in relation to hydraulic cross sections (NF#) within the
North Fork Site of the North Fork Segment, lower mainstem Clearwater River (LMCR) project area.



Mainstem Rearing of WId Rai nbow Steel head Parr Produced in
the Tributaries of the LMCR

Total lengths of age I+ and Il + wild parr varied from
124 to 187 mm and 163 to 191 nm respectively (Table C3).
Total lengths of age I+ and Il+ hatchery snolts ranged 115
to 200 nm and 58 to 207 mm respectively (Table C3). No age
11+ were sanpled. A few young-of-the-year wld
rai nbow st eel head trout were sanpled throughout our study
section but due to our objective of panjet marking only age
I+ fish these fish were only sanpled for a positive
identification.

Most parr and snmolts were 110 to 210 mm long (Figure
C9). Seventy percent of the snolts were age |+ and 30
percent were age |1 +. Ei ghty-one percent of the parr were
age I+ and 19 percent were age |1+ (Figure ci0).

Not ably, five juvenile chinook salnon were sanpled in a
pool just above the nouth of Bedrock Creek but only 2
representative fish (60 and 63 nm were collected for
identification.

In sutmmary we collected and neasured a total of 93 parr
and 49 snolts from Bedrock Creek. We never observed these
marked fish in the LMCR during direct observation work
because of this inadequate sanple size. However, as
nmenti oned we used this data to subdivide wld rai nbow
steel head into age 0+ and |+ categories based on fish size.
Age O+ were those fish less than 127 mm (5 in) and Age |+
were those greater than 127 mm but |ess than 200 mm (8 in).
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Table C3. Length versus nunber of annuli for wld
rai nbow st eel head parr and hatchery steel head
snolts sanpled in Bedrock Creek, June 1989.

Parr Snol ts
 ength nunber of | engt h nunber of
(mm) annuli (mm) annuli

63 0 115 1
123 1 123 1
124 1 123 1
128 1 128 1
133 1 132 1
134 1 135 1
136 1 138 1
143 1 140 1
146 1 143 1
154 1 146 1
156 1 148 1
160 1 156 1
162 1 158 2
163 2 164 1
163 1 167 2
164 1 170 2
165 2 171 2
167 1 172 2
168 1 185 1
175 1 186 1
177 1 195 2
185 2 207 2
187 1 209 1
191 2
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