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The Nez Perce Tribe sub-contracted w th EBASCO
Envi ronnental during this study to devel op capabilities for
predicting fish habitat conditions in the |ower mainstem
Clearwater River under a |imted range of discharge regines
from Dwrshak Dam  The Nez Perce Tribe used this
information to analyze a range of discharges from Dworshak
Dam for anadronpus fish habitat requirenents. The Tribe's
anal ysis does not necessarily reflect views of EBASCO
Envi ronnent al .

FIl ow anal yses provided to the Bonneville Power
Adm nistration and/or U S. Arny Corps of Engineers wthin
this report on the |lower mainstem Cearwater River shall in
no way limt or influence future water rights claims or flow
recomendati ons made by the Nez Perce Tribe for any
pur poses. Fl ows analyzed in this report are independent of
conditions for upstream or downstream anadronous fish
m gration and of any other purposes not specifically stated.
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EXECUTI VE SUWARY

The purpose of this study was to assess salmonid
spawni ng, incubation, and rearing in the |ower 61 kiloneters
(km) of the | ower mainstem Cl earwater River (LMCR), Idaho.
The Northwest Power Pl anning Council anmended the 1987
Col unbi a Basin Fish and Wldlife Programto include this
project under neasure 703(c)(3?. Thi's third and fina
report presents information collected on the LMCR from 1988
to 1991. Flow proposals developed in this report are for
anadr omous fish hol di ng, spawni ng, incubation, and rearing
and do not address flows for upstream or downstream
anadronous fish mgration, flows for other fishes, or flows
for any other purposes.

Hydr oel ectric devel opnent within the Col unbia River
Basi n caused a major depletion of anadromous fish runs.
This depletion can be attributed primarily to passage
problens and habitat |oss. |nadequate fish passage
facilities at the Washington Water Power (WAP) Diversion_Dam
at LMCR km 5 deci mated the chinook salnon popul ations. The
renoval of the WAP Dam and construction of Dworshak Dam on
the North Fork Clearwater River in 1971 markedly affected
the LMCR’s potential for natural anadronous fish production.
Al though fish could pass freely after the WAP Dam was
renoved, the existence and operation of Dworshak Dam
el imnated access to the North Fork spawni ng habitat and
changed the tenperature and flow regi ne of the LMCR.

As partial mtigation for anadronmous fish |osses in the
North Fork, Dworshak National Fish Hatchery (DNFH) was
constructed near the confluence of the North Fork C earwater
River and the LMCR at river km 65.4. DNFH has maintained
the North Fork steel head trout stock through snolt releases
since 1970. Kooskia National Fish Hatchery (KNFH), |ocated
48 km upriver from DNFH on the Mddle Fork Clearwater River
began producing spring chinook salmon snolts in 1972.  DNFH
al so began spring chinook sal non production in 1982.

Conbi ned spring chinook adult returns to KNFH and DNFH si nce
1984 have ranged froma low of 423 in 1984 to a high of
2,704 in 1987. Because snmolts are inprinted to hatchery

wat er and naturally prpducing spring chinook and steel head
generally prefer spawning habitat conditions in snaller
tributaries, few adults utilize the IMCR for spawning

Also, limted restoration efforts in the Cearwater R ver
Subbasin were concentrated in nore pristine headwater
tributaries and none were directed towards production in the
mainstem river. However, fall chinook spawning has been
docunmented on the LMCR in recent years.
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W studied both sumrer and fall chinook sal nron because
these stocks are escaping to I daho's spawning habitat in
threateningly | ow nunmbers and can spawn in rivers the size
of the Mmcr. Also, during 1991 these stocks in Idaho were
proposed for listing as threatened or endangered by the
Federal Endangered Species Act of 1973.

Qur objectives from 1988 to 1991 were to:

1) Quantify and qualify the existing anadronous
salmonid spawni ng and rearing habitat in the LMCR
and devel op capabilities to predict habitat
condi tions under a nunber of Dworshak Dam di scharge
regi mes:

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

3) Investigate the incubation, rearing, and
ourn1grat|on timng of fall and summrer chi nook
sal mon:

4) Use the information generated by objectives 1 - 3
to identify potential outplanting stocks of fall
and/ or summer chi nook sal non for restoration or
suppl enentation efforts; and

5) Determne habitat conditions for selected anadronous
fish stocks under existing flow and tenperature
rel eases from Dworshak Dam and eval uate flow and
tenperature release alternatives to restore chinook
sal mon stocks identified in this study.

The Instream Fl ow I ncrenental Methodol ogy (I FI'M
hydraulic simulation nodel was used to define where
velocities, depths, and substrate were adequate for chi nook
sal ron spawning in the LMCR  The total area suitable for
spawni ng was divided by 20.1 mY an area required for each
spawning pair, to obtain 95,6489 potential redds. Based on
one pair of spawners per redd, the LMCR could pptentlallr
support 190,978 spawning chinook salmon. This is probably
an overestimate since we did not consider downwelling
hydraulics in the spawning substrate and all biol ogical or
behavi oral aspects of production potential. A limting
factor for chinook sal non spawning on the IMCR nay be
arnmoring of substrate particles which typically occurs bel ow
dans. A possible sPamnlng substrate enhancenent strategy
may be to mechanically | oosen or break up the arnor |ayering
In key spawning areas.



We docunented the quality of spawning habitat in the
LMCR b% collecting freeze-core substrate sanples in two fal
chinook spawning areas identified from aerial redd surveys.
For conparison of the LMcr spawni ng substrate quality, we
col l ected freeze-core sanmples in chinook sal non spawni ng
areas on the | ower Snake River, |daho and the Wnatchee
Ri ver, \Washi ngton. Ot her conparative freeze-core data on
the South Fork Salmon River, Idaho was provided by the US
Forest Service. Spawning substrate qua |t¥ on the LMCR was
higher in the first stratun1$10 cmdeep) than all rivers
sanpled. The fredle index of substrate quality was higher
in strata 2 and 3 (10-20 and 20-30 cn1deep?.than all rivers
sanpled. Percent fines (< 0.85 mm) were s b@htly hi gher in
strata 2 and 3 on the LMcr conpared to the Wenatchee and
South Fork Salmon Rivers. The conParatlye]y hi gh spawni ng
substrate quality in the tMmcr should facilitate chinook
sal non natural reproduction

During fall chinook aerial redd surveys, we observed
21, 10, 4, and 4 redds from 1988 to 1991 on the LMCR.
Surveys were conducted in md-Novenber and during the
begi nning of December. Al redds were located in the |ower
35 km of the study area where island sections and nore
favorabl e substrate particles predomnate. O the 39 redds
observed dur|ug_the past 4 years, 54%were associated with
i sl and areas ich represented only a small percentage of
the potential spawning area. Aerial redd surveys may not
have detected deep water (> 3 m) redds in main channel
sEamnlng habitat. The |[ow nunbers and decline of fal
chinook redds in the LMCR and Snake River in recent years
exenplify the need for tinely protective neasures if we are
prevent the extinction of this native salnon in |daho.

Rel ative seasonal densities of fishes present in the
LMCR during 1989 and 1990 were estinmated by snorkeling and
SCUBA diving. Juvenile salmonid densities were |ow conpared
to densities in Idaho streams with "excellent"
classification for carrying capacity. Only 1 chinook sal non
juvenile was observed in 1989; 54 were observed in 1990.
Hi ghest densities of rainbow steel head trout were observed
during the sunmer in 1990 and nunbered 14.5, 16.5, and
25.8/ha for wild fry (age O+), wld juveniles (age 1+), and
hatchery juveniles, respectively. Sanpling prinmarily by
snorkeling during 1990 may have overesti mated densities for
the entire tMcr. Salnonids were nost abundant in the
summer, declined considerably in the fall, and were not
observed in the winter. H ghest redside shiner densities
(24,966/ha) were observed during the summer, 1990. Sucker
(largescal e and bridgelip) densities were highest during the
summer in 1989 at 160/ha. Muntain whitefish densities were
hi ghest at 72.5/ha in the fall, 1990. Suckers and whitefish
were the nost numerous species observed during the wnter
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1989 at 10.9 and 7.9/ha, respectively. Averaging densities
during the summer and fall of 1989 and 1990, whitefish and
sucker densities conbined outnunbered juvenile sal nonids
approximately 10 to 1. The LMCR may better exenplify a
mgration corridor than an "excellent" rearing river. The
LMCR | acks woody debris and boul der cover is limted.
However, based on the productivity, the LMCR shoul d be
favorable for rearing sal nonids.

We docunented chinook sal non incubation timng in the
IMCR by placing fertilized eggs in incubation boxes.
Energence (button-up) timng of Snake River fall chinook
sal mon (Lyon's Ferry Hatchery) on the LMCR was My 21
conpared to approximately May 2 on the Snake River. Later
enmergence of fall chinook on tMcr could be attributed to
col der Novenber water tenperatures as conpared to the Snake
River. South Fork Sal non River (SFSR) summer chi nook sal non

McCal | Hatchery) emerged Novenber 30 on the IMcr. Warm
ept enber water tenperatures in the tMcr accel erated SFSR
summer chinook egg devel opnental rate. Upper Col unbia River

(UCR) summer chinook salnon (Wells Hatchery) emerged April
29 on the LMCR  Hi gher egg-to-snolt survival would be
expected for the UCR summer chi nook and the Snake River fal
chinook salnon than for the SFSR summer chinook in the LMCR

W attenpted to relate survival to hatch of three
chi nook sal non stocks to intergravel dissolved oxygen and
tenperature, and sedinentation in artificial redds on the
LMCR. O her than high Septenber water tenperatures (18.5
°c) possi bly affecting the survival of SFSR summer chi nook,
intergravel tenperatures and dissolved oxygen were favorable
t hroughout incubation. The intrusion basket technique
bi ased chi nook sal non enbryo survival and therefore inpeded
di rect survival neasurenents. However, intrusion baskets
appeared to provide an adequate neasure of fine sedi nent
accunul ation into redds. Wth the relatively | ow percent
fines (< 0.85 nm that accumul ated in baskets and high
fredle index of substrate quality calculated for baskets
after chinook sal mon hatched, high survival to energence
woul d be expected on the LMCR

The original goal of our snolt outmgration timng
studK was to docunent Snake River fall chinook (Lyon's Ferry
Hat chery) outm gration timng through a summer release of
Pl T-tagged parr in the mMmcr. Unfortunately, we were unable
to obtain fall chinook and alternatively used DNFH spring
chi nook subyearlings. W PIT-tagged and panjet nmarked 3, 956
spring chinook parr and another 3,990 non-tagged parr served
as a control to assess effects of tagging on nortality and
behavior. W held both groups at DNFH for two weeks and
rel eased theminto a side channel at the LMCR Potlatch River
site in Cctober. PIT-tagging did not contribute to any
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short-term nortality. Emgration of parr out of the side
channel was immedi ate as snorkeling resulted in only 106
parr observed one day followng release. A total of 526
(13.3% of our PIT-tagged parr were detected the follow ng
spring at Lower Granite, Little Goose, and McNary Dans.
Peak m gration was April 14, April 25, and May 4 at these
dams, respectively. ~Based on an estimted fish guidance
efficiency of 57.3% and turbine nortality was 11% at all
Snake River danms, overwinter survival of PIT-tagged spring
chinook parr in the LMCR and/or Snhake River pools was
conservatively estimated at 25%

Al t hough efforts have not been attenpted to suppl ement
chi nook sal non production in the LMCR, we did docunent
limted fall chinook sPamning in recent years. \Mether
these fish are naturally spawning C earwater or Snake River
stocks, Lyon's Ferry Hatchery stock, or a conbination of
stocks has not been determned. The upper Col unbia River
sumer chinook nmay be an excellent candidate for the LMCR
based on incubation timng. The Snake River fall chinook
may snolt and outm grate during unfavorable |ow flow and
temperature conditions. However, given alternative flow and
tenperature rel eases from Dwrshak Dam incubation and
outmgrating conditions may be inproved for fall chinook
salmon in the LMCR  Additional research is needed on growh
[Ségs and outmgration timng of fall chinook salnmon in the

Because limted fall chinook sal mon spawni ng has been
docunented in the LMCR in recent years and because declining
nunbers in |Idaho has caused this stock to be proposed as
t hreatened or endangered by the Federal Endangered Species
Act of 1973, the Snake River fall chinook should be
consi dered a prime candidate for natural reproduction
devel opment in the LMCR W found the quantity and quality
of IMcR physical habitat was nore than adequate for
facilitating chinook salmon natural reproduction. W
recommend Lyon's Ferry Hatchery fish (Snake River stock) for
experinental releases in the LMCR

The Stream Network Tenperature Mdel (SNTEMP) and
Physi cal Habitat Simulation Mdel (PHABSIM were used to
nodel tenperatures and habitat on the LMCR under a nunber of
Dwor shak Dam rel ease alternatives. W sinulated hydraulic
and habitat characteristics of the LMCR to quantify and
anal yze rel ationships between anadronous fish hold|n?,
spawning and rearing habitat versus discharge. Results of
tenmperature, hydraulic, and habitat npdeling were used to
eval uate effects of current Dworshak Dam operati ng
conditions on anadronous fish habitat in the LMCR W also
used the results to explore alternative flow regi mes which
m ght benefit existing and potential anadromous fish stocks.
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Proposed total river discharges for the LMCR are based on
optimal flows that provide maxi mum habitat area val ues for
all target species and their life stages. In consideration
of Dworshak Dam and Dworshak National Fish Hatchery
operations and unregul at ed ianOM/Patterns fromthe upper
mainstem Cl earwater River, the followng LMCR total steady-
state discharges at the Spal ding Gaging Station and Dwor shak
Reservoir tenperature rel eases woul d provide optinmal habitat
E&anritical target species and their life stages in the

1) 142 cms (5,000 cfs) fromJuly 1 through August 31
for spring chinook salnon adult holding and juvenile
rearing, all chinook rearing, and rainbow steel head
trout rearing;

2) A Dworshak Reservoir release of 10 °c (50 °F) water
from July 1 through S%Ptenber 15 for rearing
salmonids. A 7.2 °c ( °c) rel ease woul d be
optimal provided a Dworshak Reservoir water supply
Is available to Dworshak National Fish Hatchery;

3) 142 cms (5,000 cfs) from Septenber 1 through October
31 for rainbow/steelhead trout rearing and adult
steel head trout and fall chinook holding:

4) 142 cms (5,000 cfs) from Novenber 1 through Decenber
15 for fall chinook spawni ng and rainbow/steelhead
trout rearing and adult steel head trout holding;

5) A Dworshak Reservoir rel ease of the warnmest water
possi bl e from Novenber 1 through Decenber 31 for
fall chinook sal non incubation

6) flows from Decenber 15 through April 31 be
mai nt ai ned at maxi mum sustai ned flows that existed
during fall chinook spawni ng (Novenber 1 through
Decenber 15) for fall chinook incubation: and

7) higher flows that naturally occur in the LMCR during

May and June woul d be required for steel head trout
and spring chinook salnon snolt outmgration
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| NTRODUCTI ON

We studi ed chinook sal non Oncor hynchus tshawytscha
enhancenent or restoration potential for the lower 65 km (40
mles) of the | ower mainstem Cl earwater R ver (LMCR), I|daho.
The Nez pPerce Tribe Departnent of Fisheries Managenent and
EBASCO Environnental conducted the research using Bonneville
Power Adm nistration funding. Qur 1988 and 1989 annual
reports (Connor 1989; connor et al. 1990) detail the history
of this study.

W concentrated on the anadronous fish production
potential of the LMcr’s physical habitat conponents. The
physi cal habitat conmponents considered included water depth
velocity, tenperature, and substrate. Qur study also
i ncl uded a biol ogi cal conponent conposed of chi hook sal mon
egg incubation timng, seasonal fish densities, and chi nook
sal non parr/smolt survival studies. W believe these
conponents are key to the IMCr’s ability to sustain natural
popul ations of summrer or fall chinook sal non.

Oiginally, we selected summer and fall chinook sal mon
for study because they are escaping to |daho's spawning
habitat in threateningly | ow nunbers (Fish Passage Center
1989; Irving and Bjornn 1980; Horner and Bjornn 1981) and
they can spawn in |large mainstem rivers (Fulton 1968).

Al so, evidence suggests these chinook stocks were deci nat ed
by the construction of the WAshi ngton Water Power Diversion
Dam on the LMCR at river km5 in 1927 (Parkhurst 1950). On
Cctober 27, 1927, the Lewiston Tribune reported "sal non 2-4
feet and 20 or 30 at a tinme were attenpting to |eap the
dam's spill gates, as water was of insufficient height to
flow through the fish |adder. No sal mon were observed
successfully junping the dam". During 1991, these stocks in
| daho were proposed for listing as threatened or endangered
by the Federal Endangered Species Act of 1973. The proposed
l1sting further enphasized the need to determ ne whether or
not the rMcr woul d-be suitable as an outplanting |ocation
for chinook salnmon restoration or enhancement efforts.

Qur study objectives from 1988 to 1991 were to:

1) Quantify and qualify the existing anadronous
salmonid spawning and rearing habitat in the IMCR

and devel op capabilities to predict habitat
condi tions under a nunber of Dworshak Dam di scharge
regi nes,

2) Docunent the use of the LMCR by anadronmous and
non- anadr omous fish:

3) Investigate the incubation, rearing, and
ourn1grat|on timng of fall and sunmer chi nook
sal non;



4) Use the information generated by objectives 1 - 3
to identify potential outplanting stocks of fall
and/ or summer chinook salnmon for restoration or
suppl enentation efforts; and
5) Determ ne habitat conditions for selected anadronous
fish stocks under existing flow and tenperature
rel eases from Dworshak Dam and eval uate flow and

tenperature release alternatives to restore chi nook
sal non stocks identified in this study.

chapt g\fs agrr“ainglegd:t his final report into self-contained
1) Description of Project Area
2) Chinook Salmon Aerial Redd Surveys
3) Chinook Salnmon Egg Incubation Timng
4)  Spawning Substrate Quality
50 Chinook Salnon Survival to Hatch
6) Fish Density Estinates
7) Smolt Qutmgration Timng and Survival
8) Hydraulic Model
9) Fish Suitability Curves

Habitat Sinulation Modeling

)
11) Spawning Habitat Quantification
) Tenperature Analysis

)

Concl usi ons and Recommendati ons

Addi tional data generated through the acconplishnent of
our objectives and not provided in this report may be
obtained from the Bonneville Power Adm nistration.



CHAPTER 1
DESCRI PTI ON OF THE PRQIECT AREA

The | ower mainstem Cl earwater River (LMCR) project area
began at the Cearwater Menorial Bridge at Lew ston, |daho
and ext ended approxi mately 61 km (38 m ) upriver to the
North Fork Clearwater River confluence (Figure 1.1&. Ve
stratified the LMCR into the pPotlatch River, Bedrock Creek,
and Bi g Canyon segnents based on flow regine and
geonor phol ogi ¢ features. For a detailed description on
river stratification and hydraulic sinulation, see our 1989
annual report (Connor et al. 1990). Oiginally, the Big
Canyon segnent was naned the North Fork segment, however we
collected nore data at the Big Canyon study site and changed
the name accordingly in this report.

_ The nor phol ogy of the IMCR’s channel has been

i nfluenced by a nunber of geological events leading to a
variety of rock and soil types. During the Precanbrian era,
most of ldaho, including the Cearwater basin, was covered
by a shall ow sea (Asherin and orme 1978). Subsequentla
folding, faulting and uplifting gave rise to the mountain
formations in the basin's headwater reaches. These nountain
ranges were formed primarily of netanorphosed sedi mentary
rocks of the Belt series and granitic intrusions of the

| daho Batholith (usace 1975). Volcanic activity filled the
| ower valleys of the Clearwater basin with basalt flows
(Asherin and orme 1978), and is probably responsible for the
basalt and granite conposition of the 1Mcr’s channel.

Wnters with little snow accunul ati on and sunmers that
are hot and dry predomnate in the |ower portions of the
Clearwater basin. Precipitation usually occurs in the late
fall-winter and spring periods over much of the area.
Average precipitation in the Cearwater basin varies from 36
cm (14 inches? at the nmouth of the LMCR (Asherin and orme
1978) to 178 cm (70 inches) near the summt of the
Bitterroot Range (USACE 1986). Prevailing winds are
westerly fromthe Pacific Ocean and can carry noist air _
masses over much of the area. Average annual tenperature Is
10 °c (50 °F) in the |ower O earwater basin (USACE 1975),
however, w nter polar air masses produce air tenperatures as
| ow as -34° C (-29° F) (usace 1986). Historically, these
cold winter feriods commonl y produced ice build-up in the
LMCR (usaceE 1986).

It is believed that the establishnment of a permanent
bot ani cal conmmunity in the riparian zone of the LMCR was
precl uded by the scouring effect of these ice |amns
(Kronemann and Law ence 1988). However, annual forbs,
grasses, shrubs and vines are currently colonizing the
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riparian zone as a direct result of hydrol ogical changes in
t he LMCR (Kronemann and Law ence 1988). Sﬁeci fically, the
LMCR’s W nter instream water tenperatures have been warned
and its annual hydrograph extrenes stabilized by the

i npoundnment of its largest tributary, the North Fork
Clearwater River (NFCR).

The U.S. Arny Corps of Engineers inpounded the NFCR by
constructing Dworshak min 1971-72. Dworshak Damis
| ocated on the NFCR 3 km (1.9 m) up fromits confluence
wth the Clearwater River at rjver kmes.4 (m 41). The dam
controls water froma 6,319 krh (2, 440 n’rﬁ' drai nage area
for flood control, power c(I;;enerauon, recreation, water
quality, and fish and wldlife uses (usace 1986).

Dworshak Damis 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 ftg (USACE 1986). The
dam s power intakes are equi pPed wth multilevel selector

ates which allow selection of suitable water tenperatures
or fish production at Dworshak National Fish Hatchery.
Twenty-one tenperature sensors |ocated at different

el evations along the upstreamface of the dam neasure water
col umm tenperatures (USACE 1986).

The NFCR di scharge contributes 40.8% of the LMCR’s
average annual flow. Currently, Dworshak Dam stores NFCR
spring run-off and redistributes it throughout historically
| ow flow periods. Prior to Dworshak Dam construction,
hi ghest flows in the LMCR occurred during April, My, and
June coinciding wth peak snowmelt runoff (Figure 1.2).

Medi an flows (50% exceedance) were greatest during May at
1,331 cms (47,000 cfs). Peak flows (10% exceedance) were

al so highest in May at 2,237 cms (79,000 cfs). Lowest flows
prior to dam construction occurred during August, Septenber,
and Cctober, with median flows ranging from85 to 113 cms
(3,000 to 4,000 cfs) during this period. During dry
conditions (90% exceedance), flows during these nonths
ranged from51 to 59 cms (1,800 to 2,100 cfs) (Figure 1.2).

The annual flow rel ease pattern of Dworshak Dam affects
discharges in the LMCR in two fundanental ways: 1) high
flows occurring from April through June were reduced,
especially during May; and 2) flows were increased from July
to March, especially during Septenber and from Decenber
t hrough January (Figure 1.2). Highest yearly flows (10%
exceedance), ich historically occurred in May, were
shifted to June under Dworshak Dam influence. June has a

ost - dam 10% exceedance val ue of 1,643 cms (58,000 cfs).

or dry geu ods (90% exceedance), flows increased from57 to
85 cms (2,000 to 3,000 cfs) in August and from51 to 91 cms
(1,800 to 3,200 cfs) in Cctober under Dworshak Dam
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Figure 1.2.  Daily discharge statistics by month for the lower mainstem
Clearwater River showing pre-Dworshak (1925 to 1972) and
post-dam (1973 to 1990) conditions (source: USGS Spalding gaging
station records).
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influence. The greatest flow increase occurred in Septenber
W th median dischar%es increasing from85 to 255 ems (3,000
to 9,000 cfs), and 90 percentile discharges increasing from
57 to 113 cms (2,000 to 3,000 cfs). Increased Septemper

di scharges result fromwater evacuation (approxi mately

700, 000 acre feet) from Daorshak Reservoir mainly for flood
control purposes.

Medi an nonthly flow rel eases from Dworshak Dam are
hi ghest during Septenber and Decenber wi th di scharges of 204
and 201 cms (7,200 and 7,100 cfs), respectively (Figure
1.3). Median nonthly flow releases are |owest durin ril,
August, and COctober, when approximtely 59 cms (2,100 cfs)
is released. Peak (10% exceedance) flow rel eases are
hi ghest during March and June with discharges of 510 and 425
cms (18,000 and 15,000 cfs), respectively. During dry
conditions (90% exceedance), |owest flows occur during My
because of peak reservoir filling. Flows are as low as 17
cms (600 cfs) during dry conditions (Figure 1.3).

The upper mainstem Cl earwater River (above the NFCR
cpnfluencef average nonthly discharges resenble the LMCR

di scharges prior to Dworshak Dam operation. Hi ghest flows
occurred in April, My, and June, at nedian discharges (50%
exceedance) of 396, 708, and 680 cms (14,000, 25,000, 24,000
cfs), respectively (Figure 1.4). Peak flows (10%
exceedance) during these nmonths are 793, 1,218, and 1,274
cms (28,000, 43,000, and 45,000 cfs), respectively. During
dry conditions (90% exceedance), flows in the upper mainstem
Clearwater R ver decline to 42 cms (1,500 cfs) in August and
28 cms (1,000 cfs) in Septenber and Cctober (Figure 1.4).

Water tenperatures in the LMCR are strongly influenced
by tenperatures in the upPer mainstem Cl earwater River, and
by tenperatures rel eased from Dworshak Reservoir into the
NFCR.  Tenperature records obtained fromthernographs during
1989 indicate that water tenperatures were highest in the
upper mainstem Cl earwater River during July and August
(Figure 1.5). During these nonths, average daily water
tenperatures were as high as 23 °c, while nmaxi mum daily
wat er tenperature were as high as 25 °c. Tenperatures as
hi gh as 27 °c were observed in the upper mainstem C earwater
River during 1990 (Figure 1.6). MWater tenperatures dropped
to nearly 0 °c during Decenber 1989 in the upper mainstem
Clearwater River (Figure 1.5). \Water tenperatures in the
upper mainstem river were well below 5 °c from Decenber to
March (Figures 1.5 and 1.6).

Tenperature rel eases from Dworshak Reservoir into the
NFCR are nuch | ess variable than tenperatures in the upper
mainstem Cl earwater River. Reservoir release tenperatures
are considerably | ower during summer nonths and hi gher

I
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during winter nmonths. Tenperature records indicate that
maxi mum tenperatures are released in July and August
(Figures 1.5 and 1.6). Maximum rel ease tenperatures of 13
and 14 °c were observed during August, 1989 and 1990,
respectively. Mninumreservoir release tenperatures of
approximately 5 °c were observed from nid-Decenber to mid-

April.

Water released from Dworshak Reservoir into the NFCR
moderates water tenperatures in the rMcr throughout the
entire year. Peak summer water tenperatures in the LMCR are
significantly |l ess than those observed in the upper mainstem
Cl earwater River 5F|gures 1.5 and 1.6). In the LMCR peak
tenperatures of 22 and 24 °c were observed in August, 1989
and 1990, respectively. Mnimmwater tenperatures in the
LMCR are several degrees warnmer than those in the upper
mainstem river. Mninmumwater tenperatures in the ILMCR were
between 3 and 5 °c during Decenber, 1989 to March, 1990
(Figures 1.5 and 1.6).
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CHAPTER 2
CH NOCK SALMON AERI AL REDD SURVEYS

Abstract-We conducted fall chinook sal non oncorhynchus
t shawyt scha aerial redd surveys on the |ower 65 km of the
mainstem O earwater River (LMCR) from 1988-91. W observed
21, 10, 4, and 4 redds from 1988-91, respectively. Redds
were |located in the | ower 35 km where island sections and
more favorable substrate particles occur in greater
proFortlons than in the upper 30 km of the study area. Low
adul t escapenent and |ack of spawning site conpetition may
reflect fish spawning in these prinme spawning areas. O the
39 redds observed, 54% were associated with 1sland areas
whi ch represented only a smal | Fercentage of the total
potential spawning area. Aerial redd surveys may not have
detected deep water (> 3 nm) fall chinook redds in nain
channel spawning habitat. The | ow nunber and decline of
fall chinook redds in the LMCR and Snake River in recent
years exenplifies the need for timely measures if we are to
protect these inportant fish.

I nt roducti on

- This study was the first attenpt to nonitor fal

chi nook sal non Oncorhynchus tshawytscha spawning in the
| oner mainstem Cl earwater River (LMCR). Aerial redd surveys
have proven to be reliable estinmates of the spawning
ﬁo ulation (Platts et al. 1983). W chose to conduct

el i copter surveys because of the [arge size of the LMCR
(comonly > 100 mw de) and the occurrence of side channels
in the |ower river. Qur objectives were to: 1) document
fall chinook spawning areas and timng, 2) provide baseline
data on fall chinook adult escapenent, and 3) collect
bi ol ogical information from fall chinook carcasses.

Met hods

We conducted fall chinook sal non aerial redd surveys on
the LMCR by helicopter. W surveyed the LMCR once during
1988 on December 1. From 1989 to 1991, two surveys were
made each year, one approximately m d-Novenber and one after
Decenber 1. Surveys started at the nouth of the LMCR and
continued upstreamto the nmouth of the North Fork C earwater
River (NFCR) (see Chapter 1, Figure 1.1). W flewthe river
during late nmorning to md-day to take advantage of the best
lighting conditions. W recorded weather conditions, water
transparency (Secchi disk), and total IMCR discharge (USGS
Spal ding gaging station data) on nost surveys. Fall chinook
redds and carcasses seen fromthe air were mapped on aeri al
phot ographs, however, we show only general locations in this
report. W mapped only obvious redds and ignored "test
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redds" and narrow, elongated jet-boat scours. Followi ng
each flight, ground crews collected and neasured al
recoverabl e carcasses.

Data on fall chinook sal non entering the | adder at
Dwor shak National Fish Hatchery (DNFH) from 1987-1991 are
al so presented. Most fall chinook were tabul ated and
Eﬁésured by hatchery personnel and rel eased back into the

Resul ts

Fal | Chinook redd nunbers declined from21, 10, 4, and
4 from 1988 to 1991 (Table 2.1). Redds recorded on the
second flight were cunulative and included all redds seen on
the first flight during that year. Therefore, total redds
counted in 1989, for exanple, was 10 (i.e. the count nunber
for the second flight). Apparently, all fall chinook
spawni ng did not cease by m d-Novenber, as additional redds
were observed during the second survey after December. All
redds were located in the | ower 35 km (bel ow Pine Creek) of
the LMCR (Figure 2.1).

Survey weat her conditions were nostly clear and sunny
(Table 2.1). Water transparencies varied from2.0 to 4.3 m
on surveys where data were recorded. LMCR discharges during
surveys varied considerably and ranged from 4,137 to 13, 540
cfs (117 to 383 ems). We did not see a correl ation between
redd numbers and discharge or water transparency.

Gound crews recovered 4 carcasses in 1988, 1 in 1989,
and none in 1990 and 1991 (Table 2.2). Al 5 fish recovered
were femal es and nostly spent except the fish in 1989 which
retained approximtely 50% of her eggs.

Fal | chinook entering the fish |adder at DNFH totaled 4
in 1988 and 1 in 1990 (Table 2.2). No fall chinook entered
DNFH in 1989 or 1991. Fall chinook entering the hatchery
aae a”! strays since the hatchery does not raise fal
chi nook.

D scussi on

No fall chinook sal non redds were observed in the upper
30 kmof the LMCR study area (i.e. Pine Creek up to the
confluence of the NFCR), however, adequate spawning habit at
was previously mapped (connor 1989). Low adult escapenent
in-the LMCR may explain this trend. Wth no conpetition for
spawning sites, fish could select areas conprised of prine
spawni ng substrate and hydraulic characteristics in the
| ower portion of the LMCR ~ CQur substrate quality study
(Chapter 4) indicated a higher percentage of gravel and

14



Table 2.1. Fall chinook salnon aerial redd survey dates,
survey conditions, and nunmber of redds and fish
observed on the | ower mainstem Cl earwater River
| daho, 1988-91.

Survey \Weat her Transparency Discharge No. redds No. fish

date condi tions (m) (cfs) observed observed
12/1/88 clear, cold ---- 4,920 21 3
11/19/89 clear, sunny 3.0 5, 560 8 0
12/2/89 clear, sunny 3.0 6, 550 10° 1
11/16/90 ________. 2.0 e 1 0
12/3/90  --------- 4.3 13, 540 4° 0
11/20/91 clear, sunny 3.0 10, 520 1 1
12/17/91 clear, sunny 3.8 4,137 4° 0

® Incl udes redds observed on the first survey and represents
the total nunber of redds observed for that year.

Table 2.2. Length, sex, and percent spawned data from fall
chi nook salnon collected on the | ower mainstem
Clearwater River, ldaho and live fish entering
Dwor shak National Fish Hatchery (DNFH), 1988-91

For k M d-eye Per cent
Dat e Locati on | ength hypur al Sex spawned
(cm) | engt h
(cm)
12/01/88 Cherry Lane Bridge 91.5 76.0 F 100
12/01/88 Cherry Lane Bridge 88.5 74.0 F 100
12/01/88 Lewiston Dam Site  76.0 66. 0 F 100
12/14/88 Cherry Lane Bridge 98.0 80.0 F 90
11/15/88 DNFH 49 ND M ———
11/15/88 DNFH 49 ND M _—
11/15/88 DNFH ND° ND F Ri pe
12/06/88 DNFH 90 ND F R pe
12/04/89 Cherry Lane Island 79.3 73.1 F 50
11/07/90 DNFH® ND ND F Ri pe

DNFH data provided by the |Idaho Fishery Resource Ofice
ND = no data col | ected
. Jack _
No neasurenent; length estimated at 70-80 cm
“ Umnatilla River stray, coded wire tag # 73914,

15
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smal | cobble associated with the islanded sections in the
| ower river. 1Islanded Sections in the LMCR reFresent only a
smal | percentage (< 10% of the total potential spawning
habi tat, however 54% of all redds observed in the last 4
years were associated with islands. Only a few small
éflﬁ?ded areas occur in the LMCR above the nmouth of Pine

eek.

A possibi]itg exists that all fall chinook redds in the
IMCR are not visible fromaerial redd surveys. Swan (1989)
estimated only about 20% of fall chinook redds were visible
fromaerial surveys at the Hanford Reach on the Col unbia
River. Fall chinook redds deeper than 3 mcould not be
detected fromthe air, however divers docunented a higher
percentage of spawning occurred at greater depths (Swan
1989). U.S. Fish and Wldlife Service divers (Connor,
unpubl i shed data) observed nultiple clusters of fall chinook
redds in one spawning area that were not detected durin%
1991 aerial redd surveys on the |ower Snake River. Although
deeP wat er spawni ng habitat exists in the LMCR the extent

of fall chinook spawni ng was not documented since we did not
di ve deep water sections.

Concl usi ons

The decline of fall chinook sal non redds in the LMCR
paralleled that in the |ower Snake River. Bugert
(Washi ngton Department of Fisheries letter to various
agenci es dated January 15, 1991) reported 66, 57, 58, and 37
fall chinook redds counted from aerial redd surveys in 1987
to 1990, respectively. Redd nunbers declined to 32 on the
Snake River in 1991 (Mendel, Washington Departnent of
Fisheries letter to various agencies dated Decenber 16,
1991). The | ow nunmber and decline of fall chinook redds in
both the | ower C earwater and Snake Rivers in recent years
greatly exenplifies the need for tinmely protective nmeasures
:g Xe are to prevent the extinction of this native salnon in

aho.
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CHAPTER 3
CHI NOOK SALMON EGG | NCUBATI ON TI' M NG

Abstract-We docunented eye, hatch, and button-up
(emergence) timng of Snake River fall chinook sal non
Oncorhynchus tshawtscha (Lyon's Ferry Hatchery), South Fork
Sal mron River (SFSR) sunmmer chinook (MCall Hatchery), and
upper Colunbia River (UCR) summer chinook (Wells Hatchery)
using fertilized eggs in incubation boxes on the |ower
mainstem C earwater River (LMCR). As a conparison to the
LMCR, we al so docunmented eye and hatch timng of fal
chinook in the Snake River. Fall chinook emerged the third
week in Miy, alnmost three weeks later conpared to fal
chinook in the Snake River. This could be attributed to
col der Novermber water tenperatures in the LMCR as conpared
to the Snake River. \arm Septenber water tenperatures in
the LMCR accel erated SFSR summer chinook incubation wth
emergence starting Novenber 30. The UCR summer chi nook
energed by May 1. Average daily tenperature units (°c) for
energing fry were 900, 952, and 968 for the UCR summer, SFSR
sumer, and Snake River fall chinook sal non, respectively.
Average total fry Iength at button-up was 32.1, 36.5, and
38.9 mm for sane stocks, respectively. Higher egg-to-snﬁlt
survival would be expected for the UCR summer and the Snake
E%Egr fall chinook than for the SFSR sumrer chinook in the

I nt roducti on

The success of enhancing or restoring chinook sal non
Oncor hynchus tshawytscha natural reproduction to the |ower
mainstem C earwater River (LMCR) wl| depend |argely upon
the stocks' emergence timng. The objective of this study
was to exam ne incubation timng parameters from
fertilization to button-up (emergence) of potential chinook
sal mon outplanting stocks for the LMCR W studied the
Snake River fall chinook (age O+ outmgrants), South Fork
Sal mon River (SFSR) summer chinook (age 1+ outm grants), and
t he upper Col unmbia River (UCR) summer chinook (age 0+
outm grants) as potential outplanting stocks.

Met hods

_ Durin? the fall 1989, we placed Snake River fall
chinook salnon (Lyon's Ferry Hatchery) eggs in incubation
boxes at the potlatch Ri ver and Bedrock eek study sites,
and at Orofino upstreamfromthe North Fork C earwater River
confluence (see Chapter 1, Figure 1.1). During the fal

1990, we placed South Fork Salnmon River (SFSﬁ) ( McCal

Hat chery) and upper Colunbia River (UCR) (Wells Hatchery)
summer chi nook sal non eggs in incubation boxes at the
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Potlatch River and Bedrock Creek study sites only. Also
during the fall 1990, we conpared incubation timng of Snake
River fall chinook by placing eggs in incubation boxes in

t he Snake River above confluence of Billy Creek (river km
262). W did not use eggs fromthe Snake River fall chinook
stock in incubation boxes on the LMCR during the fall 1990,
however documented hatch timng using these eggs in

i ntrusion baskets placed in artificial redds during our
survival to hatch study (Chapter 5).

Eg?s from each chi nook sal non stock were from one
female Tertilized with one or two nales. W transported
green eggs in Zip-Lot bags, separate from oxygenated sperm
In iced coolers. Both eggs and sperm were kept off the ice
bY a burlap liner. Transportation time fromegg take to
placenent in the LMCR ranged from 6 to 22 hrs. Eggs were
fertilized on the LMCR at each study site, iodophored, water
hardened, and placed into baskets immediately. Total tinme
fromfertilization to inplantation was 4 hrs or |ess, except
for the SFSR summer chinook eggs. The SFSR eggs were
transported fromthe SFSR adult trap to the L al read
fertilized, iodophor treated, and water hardened. W placed
the SFSR eggs in the 1Mcr the follow ng day within 18-22 hrs
of fertilization.

We pl aced 25-100 chinook sal non eggs in gravel-filled
nyl on net bags (30 X 30 cm X 2 nn1nesh? whi ch were tied shut
to prevent egg loss or fry escapement. Egg bags were then
placed in incubation boxes cabled to the river bottom

| ncubation boxes (65 X 90 X 30 cm hi gh) were constructed of
1.9 cm pl ywood and screened with 6.4 nm nesh hardware cloth
on the top, sides, and 4s° slanted front section (Figure
3.1). Five boxes, cabled 3 mapart in series downstream
were used for each chinook salnmon stock at each study site.
W placed four 20 X 20 cm | engths of PVC pipe inside each
box and filled the box with spawning gravel and cobble. Egg
bags were then placed inside the PVC pi pes which were
extﬁagted all ow ng the spawni ng substrate to encl osed around
each bag.

~Periodically, we pulled egg bag sanples to check egg or
al evin devel opnent. Immediately after hatching, we placed
the sacfry fromegg bags into 19 1 buckets to nonitor
button-up timng. Buckets were fitted with tight-sealing
lids and perforated (2 nmholes) to allow for water
circulation. At apProxinater 50% button-up, fry were
eut hani zed for devel opment neasurenents.

We conpared incubation timng paranmeters between
chi nook sal mon stocks studied on the tMCR al ong with a range
of natural spawning and energence dates in their native
river. The outernost ranges of natural spawning and
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Figure 3.1. E?g i ncubation box used on the | ower mainstem
earwater and Snake Rivers, |daho, 1989-91

enmergence were obtained by consulting fisheries biologists
famliar wth the chinook salnmon stock in their natural
habitats. W cal cul ated act ual daiIK tenperature units
(DTU’s) from t hernograph data at each site for each

I ncubation timng paranmeter (Piper et al. 1989). W
conmpared pru’s for incubation timng dates anong chi nook
sal non stocks studied on the LMCrR. SFSR chi nook sal non

i ncubation timng and |l ength at enmergence on the IMCR were
al so conpared to study results conducted by the U S. Forest
Service on the SFSR

Resul ts

During the 1989-90 incubation period, Snake River fal
chinook hatched by the end of March and were button-up fry
by May 21 (Table 3.1, Figure 3.2). High water l|evels at
Orofino prevented nonitoring eggs at critical incubation
times. Based on accrued DrTu’s cal cul ated from thernograph
data, fall chinook at Orofino would have emerged
approximately two weeks later than in the lower river (Table
3.1). This was a result of colder winter water tenperatures
in the upper mainstem Cl earwater River above the influence
of warm water releases from Dworshak Dam

During the 1990-91 incubation period, Snake River fal
chi nook hatched over three weeks later in the LMCR conpared
to fall chinook in the Snake River (Table 3.1). Due to high
flows in the Snake River, we could not docunent energence
timng, but would approximate it at May 2 based on
t her mograph data and DTU cal cul ations. Fertilization of
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Table 3.1. Qbserved fall and summer chi nook sal non

I ncubat i on tlnln? dates (except those noted as
calculated), daily t erature unit accrual (°c)
to that date and tota fry length at button-up

on the | ower mainstem O earwat er (LMCR) and Snake

Ri vers, |daho.

Date  Chinook  River/ No. Eyed Hatch Button- Length
pl aced st ock site eggs date date up date (
11/15/89 Snake LMCR/ 1200 2/21 3/28 5/21 39.5

Ri ver Potlatch (355) (526) (970)
falls Ri ver
LMCR/ 1200 2/21 3/28 5/22 38.3
Bedr ock (360) (526) (966)
Creek
LMCR/ 1200 3/25° 4/16° 6/4°
Orofino (358) (525) (963)
8/29/90 SFSR LMCR/ 900 10/1 10/10 11/30 32.1
SUMers Potlatch (454) (564) (953)
Ri ver
LMCR/ 900 10/1 10/11° 12/3°
Bedr ock (441) (561) (952)
Creek
10/25/90 Upper LMCR/ 520 12/5 2/26 4/29 36.5
Col umbi a Potlatch (269) (529) (902)
Ri ver Ri ver
sunmers
LMCR/ 1795 12/s 2/26 5/1 36.5
Bedr ock (267) (530) (899)
Creek
11/9/90 Snake LMCR/ 1500 1/8° 3/21b 5/22°
?lYFr Potlatch (283) (508) (963)
alls
Snake/ 1575 12/14 2/25 5/2°
Bill (282)  (481) (968)
Cree

21

red

Date calculated from accrued daily tenperature units.
Hatch timng was docunented usin

: ment. 3 eggs in intrusion
baskets placed in artificial S
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Snake River fall chinook on the LMCR was within the range of
their natural spawning, however, energence was slightly
later than in their native river (Figure 3.2). Recent
research by the US. Fish and Wldlife Service on the Snake
Ri ver suggest the outernost ranges of fall chinook spawni ng
occurs fromlate Cctober until m d-Decenber and energence
gccu;s from March through m d- May (Connor, unpublished

ata).

The SFSR summer chi nook eggs placed in the LMCR at the
end of August hat ched by October 10 and were button-up fry
by the end of Novenber (Table 3.1, Figure 3.2). Energence
of SFSR sunmer chinook in the IMCR was over 5 nonths earlier
than in their native river (Figure 3.2). Thurow and King's
(unpubl i shed data) work on the.SFSR resulted in md-My
emergence for sumer chinook eggs placed in intrusion
baskets on August 28, 1990, a day prior to egg placenent in
the LMCR.  The outernost ranges of natural SFSR sunmmer
chi nook Sﬁ&Mﬂlng occurs fromthe second week in August
through the third week in Septenber and energence occurs
frommd-April through the first week in June (Don Anderson
and Robert Hill, Idaho Department of Fish and Game, and Russ
Thurow, U S. Forest Service, personal conmunication).

The UCR summer chinook eggs placed in the LMCR on
Cct ober 25 hatched by the end of February and were button-up
fry by the end of April (Table 3.1, Figure 3.2). Emergence
timng of the UCR summers on the LMCR paral |l el ed enmergence
timng in their native river (Figure 3.2). The UCR sunmer
chinook, in the Wnatchee River, WA naturally spawn
t hroughout Cctober and energe frommd-April to
approximately the end of May (Bill Zook, Washington
Department of Fisheries, personal conmunication).

DTU’s for button-up fry averaged 900, 952, and 968 for
the UCR sunmer, SFSR summer, and Snake River fall chinook
sal non, respectively (Table 3.1). Average total fry length
at button-up was 36.5, 32.1, and 38.9 mmfor the sane
stocks, respectively (Table 3.1).

Di scussi on

W believe that water tenperatures were responsible for
the late fall chinook energence tine on the LMCR. W\
recorded tenperatures as nuch as 4 °c colder in the LMCR
than in the Snake during Novermber. During early wnter
Dwor shak Reservoir water releases are as warm as possible to
accommodat e fish production at DNFH. However, 1in years
wher e di scharges and tenperatures could be increased over
1989-90 conditions, emergence timng of fall chinook in the
LMCR may be accelerated by a week or nore. For exanple, a
tenperature release of 10.0 °c at a constant reservoir

23



rel ease of 113 cms (4, 000 cfs? from m d- Novenber through
Decenmber (Chapter 12) and woul d accel erate energence of fal
chi nook by_apprOX|nateIK_9 days over 1989-90 observed
emergence time. Fall chinook that woul d spawn naturally in
the LMCR on Novenber 15 woul d be expected to emerge by My
12 instead of May 21. It is probably not possible for

Dwor shak Damto rel ease water at 10.0 °c during nost years
in Decenber, however selecting the warnmest tenperature at

di scharges specified (Chapter 13) may advance fall chinook
i ncubation somewhat.

Under the 1989-90 tenperature regine, fall chinook
emerged in [ate May and woul d probably be dispersed
downstream into Lower Ganite Reservoir. Bennett et al.
(1991) suggested the existence of this mgration scenario
for naturally ﬁroduced Snake River fall chinook in the Snake
River. Fall chinook outmigration timng is discussed in
Chapter 7.

Warm wat er tenperatures in the LMCR during | ate August
and early Septenber (see Chapter 5, Table 5.2) accelerated
SFSR sunmer chi nook sal non egg devel opnent . en we
fertilized SFSR sumrer chinook eggs, the LMCR was 8.5 °c
warmer than the South Fork Salnmon River. Consequently, SFSR
sunmmer chi nook on the LMCR nay energe in early w nter under
environmental conditions for which they did not evolve.

Emergence timng of the UCR sunmer chinook in the LMCR
followed the pattern of their native river. UCR sunmer
chi nook energed three weeks earlier than the Snake R ver
fall chinook. Earlier emerging fry would reach smlt size
sooner so they would Iikely avoid warm sumrer wat er
tenperatures and | ow Snake River outm grating flow
conditions. W discuss this in nore detail in Chapter 7

Tenperature unit requirenents for SFSR sunmer chi nook
emergence were nore simlar to Snake River fall chinook than
UCR sunmer chinook. Piper et al. (1989) reports DTU’s vary
even within a species and are affected by fluctuating
tenperatures. DTU’s observed for all chinook stocks studied
on the LMCR were sonewhat higher than values of 250, 417,
and 889 for eye, hatch, and emergence %iven in Piper et al
(1989). Fluctuating tenperatures on the LMcr may have
prol onged the incubation period sonewhat in all chinook
stocks studied.

The extremely high water tenperatures on the LMCR
during the beginning of the SFSR sunmmer chi nook incubation
may have also affected their length at enmergence. Thurow
and King (1990 unpublished data) reported a range of 33-35
nmm f or energln? summer chi nook sal non fron1capFed redds on
the SFSR. W tound energi ng SFSR chinook fry |ength
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averaged slightly less on the LMCR  Heming (1982) reported
chi nook sal non i ncubated at tenﬁeratures as high as 12 °c
were generally smaller than fish incubated at [|ower
tenperatures. The UCR summer chi nook enmerged 4.5 nmm | onger
than the SFSR summer chi nook, however they were 3 nm shorter
than the Snake R ver fall chinook. Natural variation in
Ien%Eh at energence may al so occur between chinook sal non

st ocks.

Concl usi ons

The success of enhanci ng or restorin? naturaIIY
reproduci ng chi nook salnmon in the LMCR wi [| depend [argely
upon egg-to-smolt survival. O the three chinook stocks
studied on the LMCR, we believe that SFSR summer chi nook
sal mon survival would be limted, since the water
tenperature regime in which these fish evolved is
drastically different fromthe tMcr. On the other hand, UCR
sumer and Snake River fall chinook sal non incubation timng
was simlar to that of their native rivers. The UCR summer
chi nook showed the advantage of earlier energence, while the
Snake River fall chinook del ayed devel opnental rate may
subject fry and snolts to | ess favorable tenperature and
flow conditions during outmgration. Fall chinook energence
may be advanced sonewnat b% sel ecting the warnest
t enperature rel eases possible from Dworshak Dam during the
I ncubation period.
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CHAPTER 4
SPAWNI NG SUBSTRATE QUALI TY

Abstract-As a neasure of chinook sal mon Oncorhynchus

t shawyt scha spawning substrate quality on the | ower mainstem
C earwater River (LMCR), Wwe collected freeze-core sanples in
two docunented fall chinook spawning areas. As a conparison
to the LMcrR spawni ng substrate quality, we also collected
freeze-core sanples in chinook sal non spawni ng areas on the
| oner Snake River, I|daho and the Wenatchee River
Washi ngton. Other conparative freeze-core data fromthe
South Fork Salnon River, |daho was provided by the US.
Forest Service. W nodified the co, tri-tube sanpler
(Everest et al. 1980) to sanple larger rivers. re sanples
were thawed over a subsanpler to obtain vertica
stratification of substrate particles in three equal 10.16
cm strata. Substrate particles were wet-sieved and the dry
wei ght for each sieve obtained using a correction factor
Spawni ng substrate particle size distributions for nost
freeze-core sites approximated a |ognornal distribution
The LMCR pPotlatch River site had a higher percentage of
gravels (2.36 to 25 mm) conpared to the LMCR Bedrock Creek
site which contained nore cobbles > 50 mm and fines < 0.85
mm  The geonetric nmean diameter (d) of substrate particles
on the LMCR conpared favorably to other rivers, however
percent fines on the tMcrR were slightly higher in strata 2
and 3 (mddle and deep strata). Fredle index values for the
LMCR Potlatch River site, Wnatchee River, and Snake River
Billy Creek site in all three strata were not significantly

P < 0.05) different. Fredle nunbers for the LMCR Bedrock

eek site were significantly higher in stratum3 than al
other sites. The conparatively high spawning substrate
quality in the mMcr should facilitate chinook sal non natural
reproduction.

I nt roducti on

W\ conducted an Instream Flow Increnental Methodol ogy
(IFIM study on the |ower mainstem C earwater River (LMR)
(Connor et al. 1990) in part to quantify chinook sal mon
Oncor hynchus tshawytscha spawning habitat (Chapter 11).
However, a shortcom ng of our |FI M nodeling approach was the
absence of data on vertical stratification and neasured
particle size of spawning substrate. To fill this data gap
and provide a neasure of egg to enmergence survival, we
col l ected freeze-core substrate sanples on the LMCR  Qur
obj ective was to assess and conpare the LMCR spawni ng
substrate quality with freeze-core data taken on the Snake,
Wenat chee, and South Fork Salnon Rivers (SFSR). Also, we
eval uated chi nook sal non survival to enmergence in the LMCR
by conparing literature sources relating substrate quality
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i ndices with survival
Met hods

We col lected freeze-core sanples in the LMCR at two
fall chinook spawning areas docunented fromour aerial redd
surveys (Chapter 2). Core sanples were extracted in July
prior to the fall sFamning period. W selected this tinme to
coincide with low flows and felt substrate conditions would
not change prior to spawning. Stowell et al. (1983)
suggested that survival to enmergence predictions may be
based on substrate sanples taken prior to spawning. = This
inplies that cleaned redds will revert back to post-spawning
conditions over incubation (Young et al. 1989).

On the LMCR, we collected freeze-core sanpl es al ong
hydraulic cross-sections BDR-3 (Bedrock Creek study site),
PL-4 and PL-5 (Potlatch River study site) established during
our IFIMstudy to nodel known fall chinook spawning areas
(Connor et al. 1990). W froze the first core on each
cross-section at a point representative of the spawning area
and accessible over the range of flows encountered during
sanpling. Once the location for the first core was
selected, we systematically sanpled beside it by taking two
additional cores along the cross-section at 3 mintervals.
Next, we neasured 3 mupriver fromeach of the first three
cores and froze a second series of sanples. W took a tota
of 12 and 6 sanples at the Potlatch River and Bedrock Creek
study sites, respectively. Six MNeil sanples (MNeil and
Ahnell 1964) were taken at the Bedrock Creek site to test
for freeze-coring biases towards small or large particles.

A tri-tube freeze-core sampler, fueled by liquid CO
(Everest et al. 1980), was nodified to sanple medi um si ze
cobbles (75-150 mm comonly found in spawni ng areas of
| arge mainstem rivers. The stainless steel cryogenic probes
were |lengthened from1l.2 to 1.7 mfor sanpling water depths
up to 1.3 m Tenplates separating the probes were nodified
from7.6 cmcenters to 15.2 cmfor extracting a substrate

sanﬁle aPproxinater 26.0 cmin dianmeter and 30.5 cm deep
A throttle valve and pressure gage, adjusted between 65 and
70 psig, enhanced CO control and cooling efficiency during

delivery (Platts and Penton 1980). A 22.7 kg CO, cylinder
froze the sanmple within 25 to 60 mn (nmean = 44 mn). W

al so nodi fied the McNeil sanpler to the dinensions of 30.5 X
30.5 cm for freeze-core bias testing.

W placed a di anond-shaped gal vani zed deflector (0.5 X
0.9 X 1.4 mhigh) around the freeze-core sanpler to shunt
water flow, increase freezing efficiency, and prevent |oss
of substrate particles during extraction. Reinforced
plastic tarps placed around the deflector's bottom edge and

27



secured with |arge cobbl es prevented upwel ling around the
probes. W used a digital thermonmeter (Orega nodel HH 72T)
to monitor the |ast probe in series receiving CO . W
injected CO wuntil a tenperature of -40 to -45 C was reached
in the last probe and dri ice escaped fromthe relief valve.
The systemwas then quickly turned off, delivery hose

di sconnected, and the core extracted using an adjustable

al um num tripod and 2-ton cone-a-|ong.

We thawed extracted core sanples using a blow torch
over a subsanpler which stratified the core into three 10.16
cmstrata (Everest et al. 1980). Sedinents were wet-sieved
inthe field using U S Standard sieves with mesh sizes of
152, 75, 50, 25, 2.36, 0.85, 0.425, and 0.212 mm The
vol une of well-drained substrate particles retained on each
si eve was determ ned by water displacenent (MNeil and
Ahnell 1964). Volunetric data was converted to dry weight
using a correction factor (Shirazi and Seim 1979). W used
dry wei ght values fromeach sieve to calculate mean particle
size distributions for each site.

The first step in data analysis was to conpare freeze-
core and McNeil sanples to detect particle size biases using
anal ysis of variance (anNova) (Ot 1984). Since vertical
stratification is not practical with McNeil sanples, the
three strata of our freeze-core sanples were conbined for
conparative purposes. The weight of particles passing each
sieve size were in percentages, therefore data were
normal i zed by arcsin transformation for anova (Ot 1984).
Next, we exam ned mean particle size distributions at each
freeze-core site by plotting substrate data on a semi-
logrithmicscale., Researchers have suggested that spawning
substrate sanples have particle size distributions close to
| ognormal (Shirazi and Seim 1979; Tappel and Bjornn 1983).
Particle size distributions were plotted on a | og scale by
taki ng the percentage of particles by weight of the total
core sanple that passed each sieve size used. W then
conq$cted sieve size values to obtain a smooth Iine on the
graph.

_ Percent fines (< 0.85 mm) data were cal culated from
sieve data for each stratum at all sanpling sites. Percent
fines were cal cul ated by taking the percentage by wei ght of
the total core sanple that passed the 0.85 nm sieve.

Geometric mean diameter values (d,) (Platts et al.
1983) were calculated for each strata at all sanpling sites.
Geonetric nean is calculated by the foll ow ng nethod:

Wy Ws W
d;=(dy X4, X...d,)
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where: d,= mdpoint dianeter of particles retained on
the nth sieve: and
w,= decimal fraction by weight of particles on

the nth sieve

We choose the fredle index of substrate quality
8Lotspe|ch_and Everest 1981) to statistically conpare (P >
.05) vertical stratification within and between each site
using aNnova. The fredle index (f) is calculated by:

where: 4, = geonetric mean di ameter

d
s, = LR sorting coefficient
d25

d, and d,, = particle size dianmeters at which
75 or 25 percent of the sanple is
finer on a weight basis.

Fredl e index numbers were |og transformed (Ot 1984) for
statistical conparison using the transformtion equation

£, =\/f + 0.375

W obtained conparative data by collecting freeze-core
sanpl es in docunmented chi nook sal non spawni ng areas of the
\\enat chee River, Wshington and | ower Snake River, Idaho
Ei ght cores were extracted fromthe Wnatchee River in
August before summer chinook spawning began. W sanpled the
Wenat chee River systematically adjacent to one of our |FIM
hydraul i ¢ cross-sections in a known chinook sal mon spawni ng
area. Six McNeil sanples were also taken on the Wnatchee
River to test for freeze-coring biases towards small or
| arge particles.

Since hydraulic measurenents were not taken on the
Snake River, we collected freeze-core sanples in two
docunented fall chinook spawning areas fromaerial redd
surveys, at river km 245 and i medi ately bel ow the nmouth of
Billy Creek (river km 262). W first attenpted to sanple
the Snake River in August. Four cores were sanpled
successfully at this time fromthe Billy Creek site
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However, warm sumer water tenperatures often thawed the
core faster than we could extract it. W re-schedul ed Snake
Ri ver sanpling during Decenber towards the end of fall

chi nook spawning to avoid warm water tenperatures. Five
cores were extracted at Km 245 site adjacent to active fal
chinook redds in undisturbed substrate. W noticed no
adverse effects of our presence on the behavior of spawning
pairs.

_ The U.S. Forest Service collected freeze-core sanples

i n sumer chinook sal non spawni ng substrate on the SFSR at
Poverty Flat during 1990 (Thurow and King, unpublished data)
and PrOVIded us additional conparative data. The SFSR was
sanpl ed during June in undisturbed substrate before spawni ng
began. O the 15 freeze-cores taken on the SFSR 9 were

conpar abl e and the remaining sanples were di scarded from
anal ysis because of inadequate sanpling of stratum 3.

The potential for chinook sal non survival to energence
was eval uated by conparing the particle dianmeter
conposition, d,, percent fines, and the fredle index val ues
calculated for the wMcr to data reported in the literature.

Resul ts

There was no significant difference (P < 0.05) in
substrate conposition conparing freeze-core to MNei
sanpl es taken on the Wnatchee R ver and LMCR Bedrock Creek
study sites. Therefore, we concluded that our freeze core
data contai ned no apparent biases toward | arge or small
substrate particles.

Spawni ng substrate particle size distribution
di fferences were observed between the six freeze-core
sampling sites (Table 4.1, Figure 4.1). Wth the exception
of the Snake River Km 245 site and the IMCR Bedrock Creek
site, particle size distributions for freeze-core sanples
approximated a lognormal distribution. The Snake River Km
245 site contained the |[argest percentage of smaller
substrate particles, approxinmately double the other sites,
except the SFSR, in percentage of particles passing the 2.36
mm si eve. The LMCR Bedrock Creek was al nost void of gravel
(2.36 to 25 nmm) substrate particles.

_ Conparing the two LMCR sites, Potlatch R ver site had a
hi gher percentage of gravels (2.36 to 25 nmm than Bedrock
Creek site (Table 4.1, Figure 4.1). The Bedrock Creek site
contai ned a higher percentage of particles > 50 mm and fines
< 0.85 nmthan the potlatch River site. A higher percentage
of fines at the Bedrock Creek site may be a consequence of
more interstitial voids created between the larger cobbles.
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Table 4.1. Substrate particle size distribution of freeze-core samples from the lower mainstem Clearwater, Wenatchee,
Snake, and South Fork Salmon Rivers, 1990.

Percentage of particles passing sleve of designated size (mm)

River
(Site) n 152 128 75 6450 3225 16 95 8 64 4 236 2.0 1.0 0.85 0.5 0.425 0.25 0.212 0.125 0.063
Clearwater 12 100 80 52 26 9.2 6.4 1.5 0.01
(Potlatch R.)
Clearwater 6 100 70 31 10 9.7 8.5 1.7 0.02
(Bedrock Cr.)
Wenatchee 8 100 52 39 26 8.3 3.8 15 0.04
(W-4)
Snake 4 100 67 43 25 10.7 7.2 1.7 0.03
(Billy Creek)
Snake 5 100 88 77 54 19.2 15.6 7.7 0.06
(Km 245)
SFSRa 9 100 73 48 31 24 22 20 16 11 72 62 39 15 14 049 0.22

(Poverty Flat)

a'(Thurow and King, unpublished data)
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The LMCR Potlatch River site, \Wenatchee R ver, and
Snake River Billy Creek site had simlar particle size
distributions (Table 4.1). The Wnatchee River site
contai ned a sonewhat hi gher percentage of substrate > 50 mm
and a | over Fercenta e of fines < 0.85 mm Al though
containing slightly higher percentages of internmediate size
gravel s, the SFSR particle size distribution was nost
simlar to the LMCR Potlatch River site.

Percent fines (< 0.85 mm in stratum1l were |owest at
the LMCR sites (Table 4.2). Percent fines substantially
Increased with depth (strata 2 and 3) at both IMCR sites.
Percent fines at the LMCR sites were nost simlar to those
calculated for the Snake River Billy Creek site. The Snake
Ri ver Km 245 site had substantially higher percent fines in
all strata. Wth the exception of the Km 245 site, percent
fines were relatively low and ranged from 1.4% in stratum 1
at the LMCR Potlatch River site to 10%in stratum3 at the
LMCR Bedrock Creek site. Unlike the other sites, percent
fines on the SFSR were lower in stratum 3 than in strata 1
or 2. This may have resulted from sanpl es inadequately
frozen at the freeze probe ends (Russ Thurow, U S. Forest
Service personal communication). Man dry weight of
substrate particles was 1.5 kg for stratum 3 on the SFSR
whi ch was approximately half that of strata 1 and 2 (2.9 and
3.1 kg, respectively). In conparison, our freeze-cores were
slightly lower in weight in stratum 1 which averaged 3.0 kg
conpared to 4.1 and 4.3 kg for strata 1 to 3, respectively.

The geonetric nean di aneter (QQ of substrate particles
in stratuml1l were simlar at both sites on the LMCR however
strata 2 and 3 were consi derably higher at the Bedrock Creek
site (Table 4.2). The LMCR Bedrock Creek and the Wnatchee
River sites had simlar d, values in all three strata. The
LMCR Potlatch River site had d, values that paralleled
closely to values calculated for the Snake River Billy Creek
site. Overall, the Snake River Km 245 site had the | owest
d, values followed by the SFSR

Mean fredl e index nunbers for both sites on the LMCR
were relatively high and ranged from 14.0 for stratum 3 at
Potlatch River site to 38.8 for stratum 1l at Bedrock Creek
s!te_gTabIe 4.2: Figure 4.2). Mean fredle nunbers were
significantly higher in stratum1 than strata 2 or 3 at the
Potlatch River site (Table 4.3). Mean fredle nunbers for
strata 2 and 3 were not significantly different at the
Potlatch River site. There was no significant difference in
fredl e nunbers anong the three strata at the LMCR Bedrock
Creek site. Fredle nunbers for stratum 3 at the Bedrock
Creek site were significantly higher than stratum 3 at al
other sites. Overall, the fredle index tended to decline
with depth at nost study sites (Figure 4.2).
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Table 4.2. Chinook salmon spawning habitat quality indices based on freeze-core samples from the
lower mainstem Clearwater, Wenatchee, Snake, and South Fork Salmon Rivers, 1990.

Ri Percent fines (< 0.85 mm) Geometric mean dia. (mm) Fredle index
iver
(site) n stratum stratum stratum stratum stratum stratum stratum sStratum strat um
| 2 3 1 2 3 1 2 3

Clearwater 12 1.4 7.2 8.7 50.0 30.9 26.6 33.2 16.5 14.0
(Potlatch River)

Clearwater 6 2.1 9.6 10.0 513 40.5 43.6 38.8 27.9 31.5
(Bedrock Creek)

Wenatchee 8 2.8 4.0 4.9 51.7 42.8 35.4 32.7 214 17.4
w - 4

Snake 4 4.3 8.6 9.4 46.8 29.6 28.4 25.5 14.6 17.1
(Billy Creek)

Snake 5 14.3 19.5 15.1 17.4 11.1 12.1 6.6 3.4 4.6
(Km 245)

SF Salmon’ 9 6.1 6.9 5.6 22.1 19.9 29.0 10.6 7.5 18.0

(Poverty Flat)

¢ (Thurow and King, unpublished data)
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Table 4.3. Conparison of nean log transfornmed fredl e index
nunmoers from 1990 freeze-core sanples with a
common |ine indicating no significant difference
anong strata within each site, and a conmon
letter indicating no significant difference
wthin the same stratum between sites, by anNova

(P < 0.05).
_ Fredl e | ndex
Ri ver Sanpl e
(site) si ze stratum1 stratum?2 stratum 3
Cearwater 12 5.75° 4.03° 3.76"
(Potlatch River)
d ear wat er 6 6.19' 5.29° 5.61
(Bedrock Creek)
Wenat chee 8 5.53° 4.60% 4.02°
(W4)

Snake 4 5.07° 3.85' 4.03"
(Billy Creek) — —
Snake 5 2.59" 1.91 2.22°

(Km 245)
South Fork Salrmon' 9 3.19° 2.73 3.92"

(Poverty Flat)

" (Thurow and King, unpublished data).

There was no significant difference in nean fredle
I ndex nunbers between the three strata at the LMCR Potlatch
River site, Wnatchee River site, and Snake River BiIIK
Creek sites (Table 4.3). The Snake River Km 245 site had
the |owest fredle nunbers in all strata, although not
significantly lower than the SFSR in strata 1 and 2. Fredle
nunbers did not differ significantly am)ng the three strata
Wig)hi n the sane site at Snake River Km 245 and SFSR (Tabl e
4.3).
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D scussi on

Despite the | ow nunbers of chinook sal non spawning in
the LMCR, overall spawning substrate 3ual|ty I ndi ces were as
good or better than all rirvers studied, especially in
stratum 1.  Chapman (1988) reported that yearly spawners
typically maintain a spawning area in a coarser and better
condition than the surrounding gravels that remain unused.
Therefore, the Wenatchee and SFSR sites should be in better
condi tion than the LMCR because chi nook sal non have been
spawni ng there for many years. |If adult escapenent to the
LMCR spawning areas would increase through supplenentation
spawni ng substrate quality in strata 2 and 3 may be inproved
even nore and be maintained by the spawners thensel ves.

This is inportant, because the range of fall chinook egg
pocket depths at Vernita Bar on the Col unbia R ver as
reported by Chapman et al. (1986) would be from stratum 2 to
slightly below stratum 3 on the LMCR  Chapman et al. (1986)
reported 4.3 to 5.8%fines (CO 85 mm should not reduce
survival of incubating fall chinook at Vernita Bar on the
Col unbi a R ver. However, substrate sanples at Vernita Bar
were taken with the McNeil sanpler, so vertical distribution
of fines was not determ ned. Cbnparln% our MNeil data on

t he LMCR, percent fines were only slightly higher than at
Vernita Bar.

The decrease in substrate quality indices with depth as
we docunented on the LMCR has been noted el sewhere. Adans
and Beschta (1980), Everest et al. (1982), and Young et al.
1989) al so reported that spawning substrate quality
decreased substantially wth depth. However, natura
variability within spawning substrate and even egg pockets
have been docunented (Platts et al. 1979; Adans and Beschta
1980; and Everest et al. 1987). The high anounts of fines
in all strata at the Snake River Km 245 site nmay have been
the result on a natural phenomena. Although a well
docunented fall chinook spawning |ocation, the Km 245 site
contai ned angul ar basalt chips and fl akes not typical of
smooth oval particles observed at other spawning sites.
Meehan and Swanston (1977) reported that nore fine sedi nment
accunul ated in angul ar verses round gravel m xtures at
hi gher velocities in artificial stream channels. H gher
percentage of fines and |ow fredle nunbers at the Snake
River Km 245 site may be attributable to substrate shape.

Shirazi and Seim (1979) showed a strong rel ationship
bet ween geonetric nean diameter (d) of spawning substrate
and survival to energence using salnoni d survival data from
| aboratory and field experiments. Salmonid species in these
studi es included coho sal nbn 0. kisutch, sockeye sal non O.
nerka, cutthroat trout Salm clarki, and steel head trout O.
mykiss. Predicted survival to energence was 70-80% at a d,
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of 15 and no negative effect on survival occurred at a 4, of
20 and above. The |owest d, values on the LMCR were nuch

hi gher than the highest valtue tested by Shirazi and Seim
Therefore, if Shirazi and seim’s 4, values can be applied to
chinook salmon in the LMCR survivdl to emergence prediction
woul d be greater than 90%

Lot spei ch and Everest (1981) used data by Phillips et
al . (1975? to calculate fredle nunbers in honbgeneous gravel
m xtures and rel ated survival to "swim-up" for energi ng coho
sal mon and rai nbow trout 0. mykiss fry. Calculated fredle
nunbers of 2, 4, and 8 related to 30, 60, and 88% surviva

to emergence for coho and 45, 75, and 99% for rainbow trout

(Lotspeich and Everest 1981). Under |aboratory conditions,
smal| increases in the fredle index related to marked
increases in survival. However, Everest et al. (1982)

stated these results may be m sl eading when applied to field
condi tions because honpgeneous m xtures of particles are
rarely found in natural spamnln? substrate. Also, the

| argest diameter of test particles used was only 32 nm which
represents only about halt the particles found In our
freeze-core work.

Everest et al. (1982) conpared freeze-core sanples
taken in fall chinook sal non and steel head trout spawning
substrate on four streans in the Rogue River Basin, O egon
Al streams supported either |arge popul ations of chinook or
st eel head, however, Evans and Sams Creeks carried a nuch
hi gher | oad of fine sedinment during freshets than Sl ate and
Foots Creeks. Conparing Evans and Foots Creeks, both
streans were simlar and classified "good" by visual
i nspection, however, substantial differences were observed
with substrate depth. Fredle nunbers calculated for Evans
Creek were 8.0, 1.3, and 0.4 for strata 1, 2, and 3,
respectively, conpared to 8.4, 3.0, and 3.6 for Foots Creek
Survival to ener?ence was not measured, but predicted low in
Evans Creek for fry trying to emerge through the 20-30 cm
stratumwith a 0.4 fredle index and 41.5% fines (< 1.0 nm).
G eater than 50% survival was predicted on Foots Creek with
a 3.6 fredle index and 11.5% fines (Everest et al. 1982).

By conparison, greater survival would be predicted on the
LMCR wth consi derably higher fredl e nunbers and | ower
percent fines.

_ Chapman (1988) related fredl e nunbers of |aboratory

m xtures of spawning substrate to steel head and chi nook

sal mon fry survival using data from Tappel and Bjornn

(1983). Chapnman's regressions between surviyal t0 energence
and fredle nunbers were highly correlated (r°= 0.85 and
0.95 for chinook and steel head, respectively). Survival to
emer gence exceeded 90% for a fredle index of 5.0 and above.
Survival did not increase with higher fredle nunbers as in
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the work of Lotspeich and Everest (1981) with coho sal non.
Tappel and Bjornn (1983) noted the substrate m xtures tested
had nore 12.7-25.4 nmmparticles than natural gravels and no
particles exceeded 51 nm  Chapman (1988) concl uded that the
exclusion of larger particles normally found in the egg
pocket centrum of |arge salmonids may distant the test
environment from natural redd conditions.

Concl usi ons

The rel ationshi ps of egg-to-fry chi nook sal non survi val
to substrate particle size distribution, percent fines, d,,
and the fredle i ndex have been studied in the | aboratory and
inthe field and are conplex. In general, |ow percentages
of fines relate to high survival provided that sone
interstitial fines are present to anchor eggs wthin the egg
pocket. High fredl e nunbers equate to high substrate
quality since the magnitude of the index Increases with pore
size and perneability (Lotspeich and Everest 1981).
Re?ression values in the literature show that a positive
relationship exists between the fredle index val ue and
survival to enmergence for salnonids. High survival begins
at a relatively low fredle index value on these regression
lines. The application of published salmonid survival
?ercentages versus particle size, percent fines, d,, or

redle indices to quantify survival in the LMCR woul d %|eld
tenuous results at best. It is clear, however, that the
conparatively high spawning gravel quality found in the LMCR
should facilitate chinook salnon natural reproduction
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CHAPTER 5
CH NOOK SALMON SURVI VAL TO HATCH

Abstract-We used intrusion baskets in artificial redds
on the | ower mainstem Cl earwater River (LMCR) as an attenpt
to relate over-incubation dissolved oxygen |evels, water
temperature, and sedinmentation to chi nook sal non
Oncor hynchus tshawytscha survival to hatch. Chinook stocks
i ncluded the Snake River falls (Lyon's Ferry Hatchery),
South Fork Salnon River (SFSR) summers (MCall Hatchery),
and Upper Colunbia River (UCR) summers (Wells Hatchery
Fi ne sedi ment accurul ation in baskets at Bedrock Creek
(upriver) site was significantly |ower than at Potlatch
River (downriver) site. Enbryo survival within 24 hrs after
fertilization was significantl'y lower in intrusion baskets
conpared to control buckets. There was a significant hi gher
percent fines (< 0.85 mm in baskets conpared to freeze-core
sanpl es at potlatch R ver site using the SFSR stock,
however, percent fines were significantly |ower at Bedrock
Creek site. Fredle index numbers were significantly | ower
In intrusion baskets conpared to freeze-coring at Potlatch
River site using the SFSR sumer and Snake River fal
chinook eggs. O her than high Septenber water tenperatures
(18.5 °c) possibly affecting the survival of SFSR summer
chinook, intergravel tenperatures and dissolved oxygen were
favorabl e throughout incubation. The intrusion basket
t echni que bi ased chi nook sal non enbryo survival and
therefore inpeded direct neasurenents of survival
| ntrusi on baskets appeared to provi de an adequate neasure of
fine sedinment accunulation into redds. Wth the relatively
| ow percent fines that accunulated in intrusion baskets and
hi gh fredl e index nunbers cal cul ated for baskets after
chinook sal mon hatched, high survival to enmergence would be
expected on the LMCR

I nt roducti on

Qur freeze-core data (ChaPter 4) allowed an assessnent
of salmonid egg-to-fry survival based on cal cul ated
substrate quality indices. These indices, although well
founded, were not verified with survival data collTected in
the | ower mainstem Clearwater River (LMCR). Therefore, we
attenpted to relate survival to hatch of three chinook

sal non Oncor hynchus tshawytscha stocks to over-incubation
di ssol ved oxygen levels, water tenperature, and
sedimentation in artificial redds. Intrusion baskets
(Burton et al. 1990) were fabricated, suPpIied with
fertilized eggs, and inplanted into artificial redds
constructed on the LMCR near the peak of natural spawning
for each stock. Chinook sal mon stocks were fromthe sanme
egg take as in our egg incubation timng study (Chapter 3)
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and included the Snake River falls (Lyon's Ferry Hatchery),
South Fork Sal non River (SFSRg sunmer s EI\/tCaII Hat chery),
and upper Colunbia River (UCR) summers (Wells Hatchery

Met hods

We constructed artificial redds in spawning substrate
al ong hydraulic cross-sections BDR-3 (Bedrock Creek study
site) and PL-5 (Potlatch R ver StUdK site) established
during our |IFIMstudy for nodeling known fall chinook
SEamnlng areas (Connor et al. 1990). The SFSR summer
chinook stock was tested in artificial redds at both sites.
Due to tine constraints, the Snake River fall and UCR sumer
chi nook stocks were tested in artificial redds constructed
at the potlatch River site only.

We constructed the first redd on each cross-section at
a point representative of the spawning area and within the
spawni ng habitat suitability criteria for velocity (<1
m/sec). Once the location for the first redd was selected,
we systematically constructed redds beside it _at 3 m
intervals. Redds neasuring approximtely 5 r were
constructed in a long oval shape as descri bed b% Bur ner
(1951). We | oosened and lifted the spawni ng substrate by
hand and shovel to create a depression approximtely 30 cm
deep with a tailspill to mimc a natural redd. D sturbed
substrate particles fromthe tailspill were used to fill
three intrusion baskets per redd, with two or three |arger
cobbl es placed at a depth of 20-25 cmin each basket to form
t he egg pocket centrum (Burton et al. 1990).

~We constructed the cylindrical intrusion baskets (25.4
cmdia X 30.5 cm high) using an inner |ayer of extruded PVC
netting (3.2 nm nmesh) reinforced by an outer |ayer of
hardware cloth (6.4 nm nesh) $F|gure 5.1). Seanms were sewn
together with 27 kg test nonofilament fishing line. The top
|ids of each basket were initially sewn half way to
facilitate spawning substrate and egg placenment. Eggs
(100/basket) were distribution at an egg pocket depth of 20
to 25 cm  Qur egg handling procedures were the sane as in
our egg incubation timng study (Chapter 3). W filled
baskets with spawning substrate and sewed the lids shut
prior to redd Plagenent. We found that a length of PVC pipe
placed centrally in the basket before substrate filling
expedi ted egg Placenent. Eggs were funnelled into the Fipe
as it was gently raised to distribute the eggs vertically
(Burton et al. 1990).

A canvas gravel collection bag wth three ropes
attached to a top ring was coll apsed under each basket to
facilitate extraction and prevent |oss of fine sedinment to
the stream during extraction (Figure 5.1) (Burton et al.
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Figure 5.1. Intrusion basket and gravel collection bag
used in artificial redds on the | ower mainstem
Cl earwater River, |Idaho.

1990). W placed baskets in a triangle apﬁroxinately 10 cm
apart inside the redd and covered themw th substrate
disturbed immediately upstream  Before covering, an
intergravel nonitoring probe (Burton et al. 1990) was placed
horlzontaIIK and parallel to the flow beside the upstream
basket at the egg pocket centrum depth of 20 cm

_ We constructed intergravel monitoring probes (3.2 cm
dia X 30.5 cnm) using 0.025 nm continuous coil slot well
screen as described by Burton et al. (1990). A length of
aquariumtubing (95 nmdia) perforated with 16 nmholes in
three | ocations was placed centrally in each probe and held
in place by PVC caps on each end. A hole was drilled in one
cap and an L-fitting (6 nm outside d|a£_attached to the
inner tubing. A length of flexible tubing (1 mlonger than
the redd deﬂth) was attached to the L-fitting which
protruded through the substrate to the surface. W
moni tored intergravel oxygen and tenperature periodical
t hroughout incubation. A peristaltic punp was used to clear
wat er fromthe flexible tubing, which was di scarded, and an
additional 500 m's extracted from the probe into a beaker
We i mmedi atel y measured tenperature and dissol ved oxygen
with a standard YSI oxygen nmeter. W al so neasured water
colum tenperature and nose velocity (10 cm above baskets)
at each redd.
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We pl aced eggs fromthe Snake and UCR stocks into three
19 liter buckets ?100 eggs/ bucket) for controls to determ ne
mortality from handling and intrusion basket placement.
Control buckets were perforated (2 nm holes) and cabled in
the river. A sanple of three intrusion baskets were
extracted froma randonly selected redd after 24 hours of

i ncubation and nortality conpared to control buckets.

We extracted intrusion baskets at hatch timng, as
determned by daily tenperature unit calcul ations and data
from our incubation timng study (Chapter 3). W calculated
survival to hatch for each basket. All basket substrate
particles and fines in the gravel collection bags were
si eved and nmeasured as described in our freeze-core work
(Chapter 4).

The first step in data analysis was to test for
significant enmbryo survival differences (P > 0.05) between
I ntrusion baskets and control buckets using analysis of
variance (ANovA) (Ot 1984). Next, we tested for potentia
basket placement biases within a redd and between redds of
t he sane chi nook sal non stock by testing for significant
differences in percent fines (< 0.85 and fredl e i ndex
nunbers. For a description of the fredle index see Chapter
4. Third, we tested for significant differences in percent
fines and fredl e index nunbers between intrusion baskets in
redds between the different chinook sal non stocks.
Percentage data for fines were nornmalized by arcsin
transformation for anova (Ot 1984). Finally, as a
conmpari son of pre- and post-spawning substrate quality, we
conpared percent fines and fredle index nunbers in intrusion
baskets to our freeze-core results ‘Chapter 4). Fredle
i ndex numbers were log transforned tor statistical analysis
(Ot 1984).

Resul ts

After 24 hrs of incubation, intrusion baskets resulted
in significantly higher egg nortality than the contro
buckets.  Control buckets resulted in 1 and 1.8% nortality
for the UCR sumer and the Snake River fall chinook eggs,
respectively, conpared to 32.7 and 13.3%for the same stocks
in intrusion baskets. In all likelihood, delayed nortality
attributable to handling was a continuing factor to hatch
therefore we disregarded the survival results of this study.

There was no significant difference in percent fines
or fredle nunbers between intrusion baskets at different
| ocations within a redd, therefore we conclude there was no
bi as caused by basket placenent within the redd. W also
found no significant differences in percent fines or fredle
nunbers between redds at each site using the sanme chinook
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sal non stock, therefore we conclude there was no bias caused
by redd placenent at each site.

Percent fines were significantly higher in intrusion
baskets at the potlatch R ver (downriver) site conpared to
t he Bedrock Creek (upriver) site for the SFSR sumer chi nook
redds (Table 5.1). At the potlatch River site, percent
fines were significantly higher in baskets within the SFSR
summer chinook redds as conpared to the Snake River fal
chi nook redds, but were not significantly higher than in the
UCR sunmmer chinook redds. Percent fines were not
significantly different in baskets within the UCR summer and
the Snake River fall chinook redds. Although baskets within
the SFSR summer chinook redds were in the substrate only 77
days, percent fines were s!gn|f|cantlx hi gher than in
baskets within the Snake River fall chinook redds which were
in the substrate 132 days (Table 5.1).

Percent fines were significantly |ower in intrusion
baskets at Bedrock Creek site conpared to freeze-core
samples (Figure 5.1). Percent fines were significantlﬁ
hi gher in baskets conpared to freeze-core sanples at the
Potlatch River site, except for baskets within the Snake
ggyfr fall chinook redds which were not significantly

ifferent.

_ Fredl e i ndex numbers were siEnificantIy hi gher in
intrusion baskets at Bedrock Creek site conpared to the
Potlatch River site (Table 5.1). No significant difference
in fredle nunbers was noted for intrusion baskets within

redds of various stocks at the potlatch River site.

Fredl e i ndex nunbers were not significantly different
conmparing baskets and freeze-core sanples at Bedrock Creek
S[te_gTabIe 5.1). Fredle nunbers for baskets were
significantly |ower than freeze-core sanples at the Potlatch
River site, except for baskets within the UCR sumer chinook
redds, which were not significantly different.

Intergravel water tenperatures were as high as 18.5 °c
on August 30 at the pPotlatch River site within the SFSR

sumrer chinook redds (Table 5.2). I ntergravel water
tenmperatures were favorable for all other chinook stocks
t hroughout incubation. Intergravel water tenperatures were

slightly higher than water columm tenperatures. Dissolved
oxygen | evels were near saturation and favorable for al
stocks throughout incubation (Table 5.2). Dissolved oxygen
level s were slightly lower in the substrate conpared to the
wat er col um.
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Table 5.1. Comparison of percent fines (< 0.85 mm) and fredle index numbers in intrusion baskets (IB)
and freeze-core (FC) samples on the lower mainstem Clearwater River (LMCR), with a
common line indicating no significant difference between baskets and freeze-core samples
and a common letter indicating no significant difference between baskets using different
chinook salmon stocks, by ANOVA (P < 0.05).

Chinook LMCR No. of No. days Percent Percent Fredle Fredle
salmon study baskets Date Date in fines fines index index
stock used site tested  placed pulled substrate (IB) (FC) (1IB) (FC)
South Fork Salmon Bedrock 6 8/29/90 11/14/90 77 2.2 8.5 39.4 32.7
River summers Creek

[o] C
South Fork Salmon Potlatch 6 8/29/90 11/14/90 77 13.4 6.4 14.9 21.2
River summers River

ab
Upper Columbia Potlatch 9 10/25/90 2/26/91 124 9.4 6.4 17.6° 21.2
River summers River

b C
Snake River Potlatch 12 11/9/90 3/21/91 132 7.5 6.4 13.1 21.2

falls River




Table 5.2. Artificial

redd substrate and water column temperature, dissolved oxygen (DO), and nose

velocity (10 cm over redd) data for the lower mainstem Clearwafer River (LMCR), ldaho.

Chinook LMCR Substrate Water column Substrate Water column Nose

salmon study Date temperature temperature DO DO Velocity
stock used site (°C) (°C) (mg/1) {(mg/I) (cm/sec)

South Fork Salmon Bedrock 8/30/90 16.8 16.2 8.8 9.6 55

River summers Creek 10/ 1/90 12.6 12.6 50

10/8/90 10.0 9.8 10.3 10.8 70

10/29/90 7.9 7.7 11.1 11.5 70

11/14/90 4.7 4.4 12.0 12.4 60

& South Fork Salmon Pottatch 8/30/90 18.5 18.0 9.0 9.6 90

o River summers River 10/1/90 12.1 12.0 88

10/8/90 9.1 9.1 10.1 10.7 140

10/29/90 7.8 7.5 11.1 11.7 126

11/14/90 5.3 5.0 12.0 12.5 90

Upper Columbia Potlatch 10/26/90 8.5 8.2 10.6 10.9 120

River summers River 10/29/90 8.0 7.6 11.2 11.7 96

11/10/90 7.0 6.0 11.2 11.0 98

11/14/90 5.3 5.0 12.1 12.5 89

2/26/91 2.8 1.8 12.0 12.8 90

Snake River Potigtch 11/10/90 7.0 6.0 11.0 11.2 98

falls River 11/14/90 5.8 5.0 12.2 12.5 49

2/26/91 2.8 1.9 12.4 12.8 90

3/21/91 5.0 4.2 12.8 13.4 84




Di scussi on

Survival of chinook salnon eggs in intrusion baskets
was bi ased because of excessive handling nortality and
mechani cal shock during placenment of baskets into artificial

redds. Freshly fertilized eggs placed in intrusion baskets
were subject for a short time to high water colum
vel oci ti es. Consequently, we observed eggs pinned and dying

(turning white) on the downstream side of baskets as we were
covering them with substrate. Also, covering baskets wth
spawni ng substrate nmay have contributed to mechani cal shock
Perhaps a shield placed over the basket until redd placenent
and substrate covering would inprove the intrusion basket
technique to assess survival in large rivers. Although

bi ases in the intrusion basket technique did not allow a
direct neasurenment of over-incubation survival, baskets
appeared to provide a good index of fine sedinment

accurmul ation into redds.

The significantly higher percent fines in baskets
within SFSR sumer chinook redds at the Potlatch River site,
as conpared to Bedrock Creek, may have resulted from a storm
runof f event during m d- Septenber. Mur phy (1986) reported
that LMCR tributaries transport |arge sedinment |oads during
runof f events. H gh amounts of sedinent transported via

Potlatch River, |ocated approximately 9 km upstream from the
site, could have accelerated sedinentation into redds and
basket s. Potlatch River traverses nostly agriculture |and
and is a larger tributary than Bedrock Creek. In contrast,

Bedrock Creek descends through rocky canyon and has | ower
sedi nent | oads.

Intergravel water tenperatures in the LMCR during the
end of August may have been too warm for chinook sal nbn
survival . A son and Fost er (1989) reported chinook sal non
eggs incubated at 16.1 °c did not experience significant
| 0ss. However, Heming (1982) reported reduced survival of
chi nook eggs incubated at 12 °c. Johnson and Brice (1953)
found that chinook sal non eggs experienced excessive
nDrtallty when the initial incubation tenperature has above
15.6 °c, even though tenperatures were below 12.8 °Cc within
a nonth. Intergravel water tenperatures were favorable for
chi nook sal mon incubation on the LMCR during the w nter
Conbs (1965) reported chinook sal non eggs that had developed
to the 128-cell stage (12 days of incubation at 5.8 )
could tolerate water at 1.7 for the remainder of the
i ncubation period. After the 128-cell stage for chinook
stocks studied on the LMCR the | owest intergravel water
tenperature recorded was 2.8 °c.

Di ssol ved oxygen levels in artificial redds were near
saturation throughout incubation. A mninum dissolved

47



oxygen level of 5 mgs1 during incubation seens to be the
consensus for salmonids (Everest et al. 1987). Dissol ved
oxygen | evels in the LMCR remai ned high during incubation at
all sites and time periods neasured.

Althou%h intergravel tenperature and oxygen were
favorabl e throughout incubation, we neasured slightly |ower
di ssol ved oxygen and hi gher water tenperatures in the
substrate conpared to the water colum. Burton et al

(1990) also reported slightly lower substrate dissolved
oxygen concentrations in artificial redds using intergravel
monitoring probes. Thurow and King (1991) reported
tenperatures in natural and artificial redds on the SFSR
were generally within 1 °c of water columm tenperatures.
However, Thurow and King (1991) reported that dissolved
oxygen concentrations were depressed from decaying eggs in
natural egg pockets but not in artificial redds. Placement
of the intergravel nonitoring probe outside of egg pockets
in artificial redds may have inaccurately neasured oxygen
conditions in the imediate vicinity of the eggs (Thurow and
King 1991). Had it been possible to place the intergravel
moni toring probes inside the intrusion baskets next to the
eggs, We naﬁ have neasured slightly | ower dissolved oxygen
level s in the substrate on the LMCR.

Concl usi ons

W were unable to obtain direct neasurenents of chinook
sal non egg to hatch survival due to excessive handling
nortality that occurred during egg handling and intrusion
basket placement. Physical data collected within artificia
redds indicated that a fall stormrunoff event may carry
hi gh sedinent |oads that could infiltrate redds of early
sgamnln sunmer chinook sal non.  Redds constructed later in
the fall had a longer incubation period fromegg to hatch,
but showed little difference between pre- and post-spawni ng
substrate conditions. Sunmer chi nook spamning I n August and
Septenber presents a risk of egg incubation in unfavorably
warm water. October and Novenmber spawners woul d experience
more favorable incubating tenperatures. Overall, the
relatively | ow percentage of fines that accunulated in
I ntrusion baskets and the high fredle index nunbers
cal cul ated after chinook sal non hatched, suggest favorable
conditions for egg to enmergence survival for chinook sal non
on the LMCR
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CHAPTER 6
FI SH DENSI TY ESTI MATES

Abstract-We determned the relative seasonal densities

of fishes present in the | ower mainstem Cl earwater River

LAKI? during 1989 and 1990. Direct observation |anes

snorkeling and SCUBA) were assigned into habitat types
using a proportional sampling strategy. Fish densities were
cal cul ated based on the nunber of fish observed by area
covered (#/ha). Fish densities in observation |anes were
conbi ned and averaged to reflect upriver and downriver
densities. Only 1 chinook sal mon Oncorhynchus tshawtscha
juvenile (age 1+) was observed during 1989 conpared to 56 in
1990. During 1990, chinook juvenile densities declined from
19.0 to 1.8/ha at the upriver sites and 4.9 to 1.3/ha at the
| ower river sites in the summer and fall, respectively.
W d rai nbow steel head trout 0. mykiss fry (age 0+),
juveniles (age 1+), and hatchery juveniles were also nore
abundant in 1990 than 1989. H ghest 1990 sunmer densities
were 14.5, 16.5, and 25.8 fish/ha for wild rai nbow steel head
fry, wild juveniles, and hatcherK juveniles, respectively.
Salmonid densities declined in the fall during both years
and were not observed during the winter. The redside shi ner
Ri chardsoni us balteatus was the nost abundant species with
densities as high as 24,966/ha during the summer, 1990.
Shiner densities were highest in the sumer, declined
considerably in the fall, and shiners were rarely observed
inthe winter. Muntain whitefish Prosopium wlliansoni and
sucker (|l argescal e Catostonmus nmacrocheil us and bridgel%r C.
col unbi anus) densities were highest in 1989 at 72.5 an
160/ha, respectively. Sucker densities were highest in the
summer and progressively declined in the fall and w nter
Whitefish densities were highest in the fall in 1989 and in
the summer in 1990. \Witefish were the nost nunerous
speci es observed during the winter. Averaging densities
during 1989 and 1990, whitefish and suckers outnunbered al
juveni | e sal nonids approximtely 10 to 1.

I ntroducti on

Thi s studﬁ was the first attenpt to calculate fish
densities in the | ower mainstem Cl earwater R ver (LMCR).

We used direct observation (snorkeling and SCUBA diving)
because the LMCR is |large and deep, has good visibility, and
Its low conductivity is not conducive to electrofishing
Petrosky and Hol ubetz (1987) denonstrated that direct
observation is an excellent nethod for censusing chi nook,

sal mon Oncor hynchus tshawytscha and steel head 0. Mykiss parr
in typical ldaho streans. Qur objective during 1989 and
1990 was to calculate relative seasonal densities of
anadronous and resident fishes in the LMCR.
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Met hods

D rect Obhservation Lane Assisnnent

Direct observation |anes were established within the
IMCR study sites using a nodification of the proportional
sanpl ing approach (Bain et al. 1982 cited in Bovee 1986).
Proportional sanpling requires the division of each study
site into finely del ineated habitat types (Appendix A Table
Al). W used a nodification of Bain’s approach because of
the large size of the LMCR  Pool and run habitat types
| ocated on bends were further divided into inside and
outside units to provide for habitat differences caused b
the triangular shape of the channel (Appendix A Table A 2).
We classified runs deeper than 4 m as deep runs.

We determ 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. internittent side channel capable of
stranding fish). W used a planimeter on aerial photographs
taken at a flow approximately equal to LMCR’s average annual
di scharge of 397 cms (14,000 cfs) to neasure habitat area
wi thin each site.

The lane lengths varied to achieve sanpling intensity
ﬁroportlonal to habitat type area. The single npbst abundant
abitat at all sites was represented with an arbitrarily
establ i shed distance of 366 m (Appendix A, Table A 3). Lane
lengths at all remaining sites were determ ned by dividing
the area of their respective habitat by the area of the npst
abundant habitat. W then nultiplied 366 mby this fraction
to determine the length of the lane. This also insured that
sanpling effort at each site was proportional to site area.
Larger sites received nore sanpling effort (in terms of |ane
l ength) than small sites.

During our 1990 sanpling, we corrected an error made in
the proportional sanpling strategy in 1989. An additiona
study |ane at Potlatch R ver site and two additional study
| anes at Bedrock Creek site were established during 1990.
Correction factors were applied to the 1989 data (Connor et
al. 1990) to make the 1990 fish densities directly
conparable. Corrected habitat tyge areas, |ane assignnments
and lengths are in Appendix A (Tables A 2 and A 3).

Corrected direct observation |anes are in Appendix A
(Figures a.1-a.4).

Lane widths were neasured to the mddle of the channel
thalweg. Therefore, as discharge increased, |ane wdth
increased and vice versa. The actual placenent of the |anes
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was done by superinposing a nunbered grid over site
phot ographs and drawi ng random nunbers.

In the field, study |anes were cross-sectionally
stratified based on water depth into snorkeling and SCUBA
corridors (Figure 6.1). 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. We used hand held range finders and survey tapes to
neasure distances from the shore to each of the four buoys
and total channel w dth.

Collection of Fish Density Data

During 1989, we sanpled each |ane at each study site
approxi mately bi-weekly from July through Novenber and once
in Decenber. During 1990, we sanpled the same |anes, plus
the three new lanes, once in July and August for sunmer
density estimates and once in Septenber and Cctober for fal
density estimates. W did not conduct density estimates in
the winter of 1990. Because of poor water visibility during
the 1990 sanpling period, SCUBA was only conducted during
t he August counts. W conducted one counting pass in each
study |l ane during each daylight sanpling period.

Two snorkelers conpletely sanpled the inshore shall ow
snorkeling corridor by creeping downriver (Figure 6.1). The
SCUBA team covered the deeper SCUBA corridor by drifting,
crawling, and wal king a diagonal downriver descent pattern.
Prior to the dive we assessed the maxi num underwater
visibility. We used the nmaxi num underwater visibility to
establish the observation distance within which to count
fish. To do so, we first multiplied the maxi num underwat er
visibility by a reduction factor of O0.6. Secondly, we cut a
piece of cable twice this calculated |ength and nmarked its
m dpoi nt with flagging. During the dive we held the cable
taut between divers to insure that spacing was kept
const ant. The cable also regulated the observation distance
within which fish were counted. Each diver counted fish
whi ch passed between hinself and the ribbon on the cable and
within half a cable length to his left or right (Figure
6.1). Fi sh species, size, nose depth, and association wth
other fishes were recorded inmediately on slates after
si ghting.

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 |lanes with bottom
vel ocities exceeding 1.2 m/sec (4.0 ft/sec). Ther ef or e,
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Figure 6.1. Direct observation lane divided into the SCUBA sublane, snorkeling sublane, and
observation area by technique (SCUBA = and snorkeling = B&&X).



swift water |anes were sanpled using a pass through
technique simlar to that described by schill and Giffith
(1984). W sanpled swift water |anes by dropﬁlng t wo
snorkelers off a support boat at the top of the SCUBA
corridor. These snorkelers counted fish within their
respective observation distance while floating downriver

t hrough the buoy marked boundaries of the corridor

Fish Density Data Analvsis

W calculated fish densities in each snorkeling
corridor by_d|V|d|ng the nunber of each species observed by
the snorkeling corridor area. SCUBA corridor densities were
cal cul ated by dividing the nunber of each species observed
on SCUBA or pass through by the observation area. W
cal cul ated observation area by nult|ﬁly|ng the total
observation distance (the sumof both divers observation
di stances) by the length of the nedian diagonal that bi-
sected the SCUBA corridor (Figure 6.1).

Once density estimates were cal cul ated for each species
and observation technique, a conposite |ane wei ghted nean
density was cal cul at ed bz conmbi ni ng the snorkeling and SCUBA
corridor (or pass through) data using the follow ng formula:

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

2
Snm2 + Scm

Wiere:  SnSp/m’

2
Snm

species density in snorkeling corridor

snorkeling corridor area

scsp/m’ = speci es density-in the SCUBA observation
area

scm® = SCUBA corridor area

Because of the simlarity of the upriver sites (North
Fork and Big Canyon), conposite |ane means were summed and
averaged by species, size, and season. W also calculated
average densities for the same categories on data from | ower
river sites (Bedrock Creek and potlatch River). Age for
si ze groupings of wild rainbow/steelhead trout was
determ ned using data collected during our tributary study
(Connor et al. 1990). Hatchery residualized rainbow
steel head trout were all age 1+ and identifiable fromwld
fish by a missing adipose fin. W classified redside
shiners Richardsonius balteatus < 5.0 cm as age 0+ and those
> 5.0 cmas age 1+. W did not separate nmountain whitefish
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Prosopium wi | I'i ansoni and | argescal e Catostonus nmacrocheil us
and bridgelip C.  colunbianus suckers into size classes.
However, we conbi ned both species of suckers during direct
observation to calculate total sucker densities.

Resul ts

Chi nook sal mon juveniles were nore abundant during the
summer and fall during 1990 than in 1989 at both the upper
and | ower river study sections (Tables 6.1 and 6.2, Figure
6.2). A total of 56 chinook juveniles were observed in
study lanes during 1990 conpared to only 1 in 1989. During
1990, chinook juveniles declined from19.0 to 1.8/ha at the
upriver sites and from4.9 to 1.3/ha in the |ower river
sites in the sumer and fall, respectively. W did not
observe any chinook salnon fry in either years.

Wl d rainbow/steelhead trout fry (age 0+) and juveniles
(age 1+), and residualized hatchery smolt densities were
hi ghest in the sunmmrer and declined in the fall during both
years at both study sections (Tables 6.1 and 6.2, Figure
6.3). Hi ghest 1990 summer densities were 14.5, 16.5, and
25.8/ha for wild rainbow/steelhead fry, wld juveniles, and
hatchery juveniles, respectively. Like chinook sal non parr,
densities of wild rainbow steel head er_and juveniles at
both study sections were considerably higher during 1990
than 1989. Hatchery rainbow/steelhead densities in the
upper river were higher in the sumer during 1990, however
declined bel ow 1989 densities in the fall (Table 6.1, Figure
6.3). Hatchery rainbow/steelhead densities were simlar in
the lower river in both the summer and fall conparing both
years (Table 6.2, Figure 6.3). W/ d rainbow/steelhead fry,
wild juveniles, and hatchery juveniles were nore abundant in
the upriver study sites than downriver sites during both
years. No rai nbow steel head trout were observed in the
W nter during 1989.

Age 0+ and age 1+ redside shiners were nore abundant at
both study sections during 1990 than 1989 (Tables 6.1 and
6.2, Figure 6.4). Densities were also higher during the
sumrer conpared to the fall with no age 1+ shiners observed
in the fall, 1990. Conversely to 1989 densities, age 0+
shiners were nore abundant downriver than upriver in 1990.
During both years, age O+ shiner densities were higher than
age 1+ densities. Age O+ shiner densities were as high as
24,966/ha in the sumer, 1990 and far outnunbered any other
species. Only a few age 0O+ shiners were observed in the
w nter during 1989.

Sucker densities were higher during the sumer than
fall at both study sections for both years (Tables 6.1 and
6.2, Figure 6.5). Sucker densities were |ower during 1990
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Table 6.1. Mean fish densities expressed as nunbers/ha and
standard error (#) for selected species at the
North Fork and Big Canyon Creek study sites,
| ower mainstem Cl ear-water River, |daho, 1989-90.

Speci es Sunmer Summer Fal | Fal | W nt er
1989 1990 1989 1990 1989

Chi nook 1+ 0.0(0.0) 19.0(10.3) 0.0(0.0) 1.8(1.8) 0.0(0.0)

WIld rai nbow

steel head 0+ 2.8(0.2) 14.5(6.9) 0.0(0.0) 0.0(0.0) 0.0(0.0)

WIld rai nbow

steel head 1+ 1.9(0.2) 16.5(13.2) 0.2(0.0) 3.7(2.5) 0.0(0.0)

Hat cher

rai nbo 7.6(0.5) 25.8(18.7) 5.6(0.7) 1.8(1.8) 0.0(0.0)

st eel head 1+

Redside 2006 (202) 5548(2302) 0.0(0.0) 372(325) 0.0(0.0)

shiners 0+

Redside 9.3(0.9) 1887(1272) 0.0(0.0) 0.0(0.0) 0.0(0.0)

shiners 1+

Suckers 160(11.6) 53.3(25.4) 19.2(2.8) 0.0(0.0) 2.5(0.5)

Mount ai n 51.7(3.7) 14.7(5.7) 65.8(8.1) 3.7(2.5) 8.8(0.7)

whi t ef i sh

than 1989 in the sumer and fall at both study sections.

The hi ghest sucker density was 160/ha at the upriver sites
in the sunmer 1989. During the winter 1989, sucker
densities declined considerably and were simlar to
whitefish densities when averaging the upriver and downriver
study sites.

Mount ai n whitefish densities were highest during the
fall than sumrer, 1989, however the opposite was observed in
1990 (Tables 6.1 and 6.2, Figure 6.5). The highest _
whi tefish density was 72.5/ha at the |lower river sites in
the fall 1989. Like sucker densities, overall whitefish
densities were higher in 1989 than in 1990. \Whitefish was
t he nost nunerous species observed during the w nter when
averagi ng both study sections.
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Table 6.2. Mean fish densities expressed as numbers/ha and
standard error (#) for selected species at the
Potlatch River and Bedrock Creek study sites,
| ower mainstem Cl earwater River, |daho, 1989-90.

Speci es Summer Summer Fal | Fal | W nt er
1989 1990 1989 1990 1989

Chinook 1+ 0.0(0.0) 4.9(3.3) ===——=x ® 1.3(1.3) 0.0(0.0)

WIld rai nbow

steel head 0+ 0.5(0.0) 5.7(4.3) 0.0(0.0) 0.0(0.0) 0.0(0.0)

WIld rai nbow

steel head 1+ 0.9(0.2) 3.0(2.3) 0.0(0.0) 0.1(0.1) 0.0(0.0)

Hat cher

rai nbo 2.1(0.2) 1.4(1.3) 0.2(0.0) 0.2(0.2) 0.0(0.0)

st eel head 1+

Redside 897(163) 24,966 0.0(0.0) 494(242) 1.6(0.2)

shiners 0+ (13, 292)

Redside 54.9(6.5) 157(132) 9.5(0.0) ©0.0(0.0) 0.0(0.0)

shiners 1+

Suckers 43.8(3.0) 36(11.1) 73.7(5.3) 25(10.4)10.9(0.9)

Mount ai n 26.9(3.2)31.7(19.8) 72.5(6.0) 5.6(2.8) 7.0(0.7)

whi t efi sh

a

Density was not calculated, only 1 fish was observed.

QG her fishes observed in the LMCR in | ow nunbers
i ncluded the northern squawfi sh Pytochelius oregonensis
smal | nrout h bass M cropterus dol omienui, dace Rhinichthys sp,
scul pi n cottus sp, kokanee 0. nerka, and conmon carp
Cyprinus carpio.
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Figure 6.3. Mean rainbow/steelhead trout wild fry (age 0+ , wild

juveniles (age 1+), and hatchery juveniles (hat3 by study
sites on the lower mainstem Clearwater River, 1989-90.
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Figure 6.4. Mean redside shiner fry (age 0+) and adult (age 1+)
densities by study sites on the lower mainstem
Clearwater River, 1989-90.
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Figure 6.5. Mean whitefish and sucker densities by study sites on
the lower mainstem Clearwater River, 1989-90.
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Di scussi on

~Anadromous fish densities in the LMCR were extrenely
low in both 1989 and 1990. Hi gher chinook sal mon densities
in the sunmer 1990 were probably slow outm grating or
residualized snolts from Dworshak National Fish Hatchery.
Al'so, alnost all of these snmolts were found in the upper
river study section which was closer to the hatchery.
Petrosky and Hol ubetz (1988) felt that "excellent"™ stream
habitat in |Idaho supported #uvenile chi nook sal non and
steel head trout densities of 108 and 20 fish/ha,
resgectlvely. Al though these estimates were for smaller
tributary streans, densities of chinook and steelhead in the
LMCR were far below these capacities. After Dworshak Dam
construction, Brusven and MacPhee (1976) reported the LMCR
was very rich in aquatic insects, however fluctuating flows
coul d potentially have an affect on insect inhabitants in
zones of fluctuations. Bjornn and Riser (1991) contend that
tenperature, productivity, suitable space, and water quality
(turbidity, dissolved oxygen, etc.) are sone paraneters
regul ating the general distribution and abundance of fish
within a stream O these paraneters, a limting factor for
rearing salnonids in the LMCR may be warm July and August
wat er tenperatures (Connor 1989). This is addressed In
greater detail in Chapter 12.

Suckers and whitefish were the second and third nost
abundant species present in the LMCR  Overall, suckers and
whi tefish outnunbered juvenile sal nonids approximtely 10 to
1 during the sumrer and fall when averaging both years.

Al though we did not separate out age classes, suckers and
whitefish were nostly observed as adults.

H gher densities of salnonids and | ower densities of
suckers and whitefish during 1990 than 1989 may have been a
result of sanpling dates and nunber of sanples taken. W
sanpl ed nore intensively throughout the sumer and fall in
1989, which woul d better represent the overall seasona
average estimate of density. Due to poor water visibilities
during our 1990 counts, we sanpled prinarily by snorkeling
whi ch may presented a bias in overestinmating salmonid
densities in the entire river. W found nore sal nonids
al ong the shoreline and nmore suckers and whitefish in mid-
channel . This woul d al so explain why densities of suckers
and whitefish were lower in 1990 conpared to 1989. Al so,
fish densities in the LMcrR may be sonmewhat variable from one
year to the next.

Study lanes differed in water depth, velocities, and
substrate and hence species abundances. Therefore
confidence limts on density estimates when averaging
different study lanes would be wide in some cases. Redside
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shiners densities, for exanple, varied considerably which
was partly due to differing study | ane habitats but was
mostly the result of their schooling nature. W observed
1,000 or nmore shiners in a single school and usually they
were found in slower pools. Rainbow/steelhead trout fry and
juveniles were al nost al ways encountered within riffle and
rapid/riffle study |anes and were sel dom found in slower
runs and pools.

Concl usi ons

Due to the lack of data on rearing anadromous fish
densities in large ldaho rivers, the LMcr could not be
directly conpared. Also, |ow anadronmous fish densities in
the IMCR may al so be a result of the declining nunbers of
wld fish in the Cearwater River Subbasin. A mgjor
difference in the LMCR and smaller tributary streans is the
| ack of shade, woody debris, and boul der cover in the LMCR
The LMCR may better exenplify a mgration corridor than an
"excellent" rearing river. However, based on the high
productivity, the LMCR should be favorable for rearing
sal nonids. = Al though water quality was found to be suitable
for salnonids in the LMCR (Connor 1989), hi gh water
tenperatures in July and August may be a limting factor for
rearing salnonids. Alternative discharge and tenperature
rel eases at Dworshak Dam during these nonths could
dramatically inprove salmonid rearing habitat in the LMCR
(Chapter 12).
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CHAPTER 7
SMOLT OUTM GRATION TIM NG AND SURVI VAL

Abstract-The original goal of this study was to
docunent outmgration timng of Snake River fall chinook
Oncor hynchus t shawyt scha $}¥pn's Ferr& Hat chery) from a
spring/ summer rel ease of PIT-tagged (Passive Integrated
Transponder% parr in the |ower mainstem Cl earwater River
(LMCR). Unfortunately, we were unable to obtain fal
chinook and al ternatively used spring chinook subyearlings
(parr) from Dworshak National Fish Hatchery (DNFH). W piT-
tagged and panjet marked 3,956 spring chinook parr and
rel eased theminto a side channel on the Mcr in Cctober.
Anot her 3,990 non-tagged parr served as a control to assess
effects of tagging on nortality and behavior. Tagging did
not contribute to any short-term nortality. Emgration of
parr out of the side channel was imediate. Snorkeling
counts resulted in only 106 parr observed one day follow ng
release. A total of 526 (13.3% of our PIT-tagged parr were
electronically detected the follow ng spring at Lower
Ganite, Little Goose, and MNary Dams. Peak migration was
April 14, April 25, and Nh¥ 4 at these danms, respectively.
Based on a fish guidance efficiency of 57.3% and turbine
nortality was 11% at all Snake River dans, overw nter
survival of PIT-tagged chinook parr in the LMCR and/or Snake
Ri ver pools was conservatively estimated at 25%

I ntroducti on

The original goal of this study was to docunent
outmgration timng of Snake River ftall chinook sal non
Oncor hynchus tshawytscha (Lyon's Ferry Hatchery) through a
spring/ summer release of PIT-tagged 8bassive | nt egr at ed
Transponder) subyearlings (parr) in the LMCR.  However
aut hori zation fromthe Idaho Departnent of Fish and Gane
(IDFG to obtain Lyon's Ferry fall chinook was not obtained
until after eggs hatched. Subsequently, hatched eggs were
not allowed to be brought to into the state. Therefore, we
opted to substitute Dworshak National Fish Hatchery (DNFH)
spring chinook parr which were released in the LMCR during
the fall. The objectives of this study were to: 1)
investigate the carrying capacity of physical habitat in the
si de channel based on parr emgration and distribution: 2)
obtai n m crohabitat preferences of hatchery chinook parr for
PHABSI M anal ysis; 3) explore the assunption that PIT tags do
not affect fish behavior in the natural environnment by
conparing mcrohabitat preferences of tagged versus non-
tagged fish; and 4? obtain a conservative estinmate of parr-
to-snolt survival tor outplanted chinook parr based on the
nunbers of fish interrogated through smolt collection
facilities at Lower Ganite, Little Goose, and MNary Dans.
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Met hods

On Septenmber 25 and 26, 1990, Wwe assisted experienced
| DFG personnel with PIT-tagging (Prentice et al. 1990) of
3,980 spring chinook parr at DNFH. | DFG personnel
anesthetized parr with M5-222 and injected PIT tags into the
body cavity using a 12-gauge hypoderm c needl e. ork length
was neasured to the nearest nmand fish were weighed to the
nearest 0.1 g using an electronic balance. After each fish
was PIT-tagged, we injected Al cian blue dye into the upper
caudal fin wth a panjet marker (Hart and Pitcher 1969).
The PIT-tagged and panjet nmarked fish were placed in a
holding tank inside DNFH. In an identical holding tank,
another 4,016 parr, that were not tagged or marked, served
as a control. Parr were held at the DNFH facility for two
weeks to examine nortality of the PIT-tagged and contr ol
grﬂ?ps, retention of PIT tags, and retention of panjet
mar ks.

On Cctober 9, 1990 we transported, via truck with
oxygen tanks, both groups of parr to the LMCR Potlatch River
study site (Hog Island conplex, river km 8) and rel eased
theminto a side channel (Figure 7.1). A total of 3,956
PI T-tagged and 3,990 non-tagged parr were released. Water
temperatures in the tank and the LMCR were neasured to see
if acclimation was required. W recorded transportation
and/ or handling parr nortalities and condition of both
groups before rel ease.

~PIT tag nunbers were catal oged under ten tag file names
ConSIStIB&BOf WPC90267.DW1 t hrough DWM and wpPc90268.DW1
through DW6. All ;agg|ng information was sent to the
Colunbia River Basin PIT Tag Information System (PITAGS).
We also provided PITAGS a nortality list of PIT-tagged fish
for extraction from their records.

W snorkel ed the side channel and main river channel
edPe (Figure 7.1) for two days (Cctober 10 and 11) foll ow ng
rel ease and counted parr. W also snorkeled on Cctober 31
22 days after parr release. Mcrohabitat preference data
were collected on all parr counted.

W collected outmgration timng on PIT-tagged parr the
followng spring at PIT-tag interrogation (detection)
facilities at Lower Granite and Little Goose Dams (first two
dams downstream on the | ower Snake River), and at McNary Dam
(first Colunbia R ver dam downstream from the Snake River
confluence). W cal cul ated percent recovery of PIT-tagged
fish at each dam Based on iInterrogation nunbers at the
dams, fish guidance efficiencies to collection facilities,
and estimated damturbine nortalities, we estimted parr-to-
snmolt overw nter survival
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We al so exam ned outm gration timng and growh rates
of PIT-tagged fall chinook on the Snake River during 1991
(Connor, unpublished data). W conpared thernograph data in
t he Snake and LMCR during 1990-91 and cal cul ated daily
tenperature units (pTu’s) for fall chinook enmerging fry
(Chapter 4). Using growth rates and outm gration data
observed on the Snake, we calculated anticipated fall
chinook growth rates and outmgration timng for the LMCR
Finally, we conpared projected fall chinook outm gration
timng on the tMcr with that observed for the Snake River
and discussed inplications.

Resul ts

Parr fork lengths ranged from77 mmto 139 nm and
averaged 98.8 mm for the PIT-tagged group. PIT tag and
panjet mark retention of parr in holding tanks were high at
99.8 and 93.5%, respectively. Mrtality of PIT-tagged parr
at DNFH was | ower (0.43% than the cqntrol_group (0.65%),
therefore PIT-tagging and panjet-marking did not contribute
to any added short-term nortality. Transportation nortality
the day of release accounted for only three PIT-ta?ged fish
or 0.04% \Water tenperature in the LMCR at tinme of rel ease
was 11.5 °c, no acclimation was required, and fish appeared
in excellent condition.

Em gration of parr out of the side channel fromthe
rel ease site was immediate. W observed only 106 parr the
day follow ng rel ease during snorkeling of approximately 1.4
km of side channel and main river channel edge (Figure 7.1).
Approxi mately 100 parr observed were in one school and the
rest were observed as singles, therefore sanple size for
m crohabitat preference data was inadequate. Panjet marks
were nearly inpossible to distinguish due to caudal fin
movenent. None of the 7,946 parr released into the side
channel could be found by snorkeling two days after release.
Snorkeling 22 days after rel ease a?ain produced no parr
observations. Carrying capacity of the side channel could
not be eval uated because of the unforeseen emgration
behavi or of the hatchery parr. No obvious water velocity or
food limtations were noted in the side channel habitat.

Only one PIT-ta?ged fish was collected in the spring at
the | DFG smolt trap located on the LMcR approximately 3 km
downstream from the rel ease |ocation.

PIT tag interrogati on began on March 25 at Lower
Ganite and McNary Danms and April 3 at Little Goose Dam A
total of 526 PIT-tagged parr (13.3% were interrogated at
Lower Granite, Little Goose, and MNary Dans (Figure 7.2).
No single PIT-tagged fish was interrogated at any two dams,
suggesting that captured snolts were subsequently
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transported to the lower Columbia River. Peak mgration was
April 14, April 25,  and May 4 at Lower Ganite, Little
Goose, and McNary Dans, respectively. Peak mgration was
nore than two weeks after interrogation start-up at the

dams. Very few snmolts were interrogated early (Figure 7.2).

Reported fish guidance efficiency (FGE) for yearling
chi nook snolts into collection facilities at Lower Granite
Dam averaged 57.3% during 1989 (Swan et al. 1990). No tests
on FGE were conducted since that time. Chapman et al.

(1991) reported that 1196nnrtalit¥ of smolts through the
turbines on the Snake River danms has received w de
acceptance. If this FeE’s and turbine nortalities were the
same in 1991 at all Snake Ri ver dams, parr-to-smolt

overwi nter survival could be conservatively estinmated at

25%  Assum ng non-tag?ed parr survival was the sanme as PIT-
tagged parr, a total of 1,987 parr out of 7,946 rel eased
sunvived and over-wintered in the tMCcr or Lower Ganite

pool .

PI T-tagged fall chinook presnolts on the Snake River
(between Hells Canyon and Lower Ganite Dan) during 1991
indicated this stock takes between 1 to 3 nonths to
outm grate as subyearlings (cCoennor, unpublished data).
Qutmgration of fall chinook to Lower G anite Dam began
approxi mately June 1, peaked July 25, and declined in
Sept enber. From our incubation timng study (Chapter 3),
cal cul ated Snake River fall chinook energence was May 2
conpared to May 22 observed for fall chinook in the LMCR
Cbserved growth rates fromrecaptured Pl T-tagged fal
chinook on the Snake River averaged 1.36 mmtotal grow h/day
(Connor, unpublished data). These PIT-tagged fish passed
Lower Ganite Dam at an average size of 127.9 mm  From our
I ncubation study on the 1Mcr, fall chinook energed at an
average total length of 39 mm Using this starting |ength
and the above growth rate, fall chinook on the rMcr would
reach 127.9 nm by July 26. Snake River PIT-tagged fal
chinook outm gration timng peaked at Lower Ganite Dam on
July 25 (connor, unpublished data).

Di scussi on

The original objectives of this study were not
acconpl i shed because we were unable to obtain Lyon's Ferry
fall chinook salnon for experinental purposes. A summer
rel ease of fall chinook presnolts may have provided better
estimates of our objectives. Fall chinook nar have
di spersed and stayed in the side channel or slowy
outmgrated. Since the released spring chinook em grated
out of the side channel inmediately, we could not
I nvestigate the carrying capacity of physical habitat,
obtain sufficient mcrohabitat preferences of chinook parr,
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or observe PIT-tagged fish behavior. Although a surviva
estimate for fall chinook age 0O+ outm grants in the LMCR
could not be obtained, we did obtain a conservative estimate
of parr-to-smolt survival for fall outplanted spring chinook
subyearlings fromPIT tag fish recoveries at the dans.

We concl uded that nost spring chinook parr overw ntered
in the lower portion of the LMCR or in Lower Ganite poo
since only 1 PIT-tagged fish was collected at the | DFG snol t
trap the next spring. However, PIT tag detection efficiency
was reported to be only 1.87% at the | DFG smolt trap during
1990 (Buettner and Nelson 1990). If 1991 detection
efficiency was the sane, there could have been approximately
60 PIT-tagged parr not detected by the |IDFG trap.

Since peak mgration of PIT-tagged spring chinook parr
was over two weeks after interrogation facilities began
operating at dans and few snolts interrogated early, it
appeared that outmgration did not occur earlier in the
spring. Unfortunately, interrogation facilities were not
operating dur|ng the fall and wnter and passage during that
time could not be nmonitored. Therefore, total survival past
Snake River dans could not be cal cul at ed. However, the
overwi nter survival estimate of 25% was relatively high for
the fall released spring chinook parr in the IMCrR. Keifer
and Forster (1991) estimated 5.2% parr-to-smolt survival
from Crooked River (a tributary of the South Fork C earwater
River) to Lower Ganite Dam for age O+ spring chinook parr
PI T-tagged in August, 1989. This estimate was based on a
55. 6% detection efficiency at Lower Ganite Damfrom pPIT-
tagged smolts rel eased at the | DFG smolt trap on the LMCR.
The U.S. Fish and WIdlife Service (Roseburg et al.
unPubllshed data) found that a 1988 experinmental fal
rel ease of spring chinook in the LMCR resulted in an average
| I -ocean adult return rate back to DNFH of only 0.034%
conpared to 0.125% for a spring release. However
overwi nter survival of parr was not readily available from
this study.

The FGE at Lower Granite Damduring April 1991 appeared
to be only around 41.8%efficient instead of 57.3% based on
the high nunbers of our PIT-tagged parr interrogated at
Little Goose Dam  Fish discrepancies cannot be attributed
to spill since it did not occur at Lower Ganite during
1991. However, there is a possibility that sone fish
overwintered in Little Goose Reservoir or outmgrated
earlier than interrogation start-up at Lower Ganite Dam
The total nunber of PIT-tagged parr interrogated at MNary
Dam (n = 70) was very close to what we predicted (n = 69),
based on 11%turbine nortality at Little Goose, Lower
Monumental , and I ce Harbor Dans and a 57.3% FGE at Little
Goose and McNary Dans.
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The 25% over-w nter survival estimate of our fal

rel eased spring chinook did not take into account other
factors such as predation at the dams, PIT tag detection
efficiency, PIT tag malfunction, percent tag retention, and
er cent garr residualization. Urenovich et al. (1980) and
igg (1988) reported that northern sguawfi sh Pytochelius
oregonensi s predation on chinook salnmon snolts at dans can
be extensive. Although Prentice et al. (1990) reported 100%
PIT tag retention in yearling chinook sal mon, we found 0.2%
tag loss within 2 weeks after tagging. Interrogation
facilities at dans can provide tag detection efficiency
above 95% and reading accuracy above 99% (Prentice et al.
1990). Residualization of parr in the reservoirs has not
been eval uated independently (Chapnman et al. 1991), however,
t he degree of residualization probably fluctuates year-to-
year based on differences in reservoir discharges and other
variables. Therefore, considering these factors, overw nter
survival of spring chinook parr was probably higher than the
25% esti mat ed.

Even though we calculated that fall chinook on the LMCR
woul d smolt about the same tine as peak outmigration on the
Snake River, tenperatures on the Snake were bel ow nor nal
during 1991 (connor, unpublished data). The average peak
outm gration usually occurs approxi mately three weeks
earlier than what was observed in 1991. Unlike the Snake,
which is subject to variation in water tenperatures
resulting fromtributary influence, the tMcr is relatively
simlar year to year. Therefore, in nost years, fal
chi nook produced naturally in the tMcr woul d nost |ikely
outmgrate after the Snake River peak. |f fall chinook
woul d outmgrate over a 1 to 3 nonth period in the LMCR as
in the Snake River, tenperatures and di scharges may be
limting factors in July and August in the tMcr and in the
rest of the Colunbia River system However, sunmer
conditions in the LMCR coul d be enhanced for fall chinook
juveniles by alternative Dworshak Dam rel eases (Chapter 12).

Concl usi ons

Based on survival estimates from our study, it appears
t he tMcr and/or | ower Snake River Bools coul d provide
overw ntering habitat with acceptable survival |evels for
age 1+ outmgrating spring chinook salmon. Survival of age
O+ outm grating Snake River fall chinook salnon in the LMCR
may be enhanced given alternative Daorshak Dam rel ease
scenarios outlined in Chapter 12. Additional research is
needed regarding fall chinook growth and outm gration timng
on the LMCR
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CHAPTER 8
HYDRAULI C MODEL

Abstract-Hydraulic nodeling was conducted on the | ower
mainstem Cl earwater River (LMCR) in order to predict the
velocity, depth, and substrate characteristics of the river
at discharges ranging from85 to 1,416 cms (3,000 to 50, 000
cfs). The PHAPSI M hydraulic sinulation nodel |FG4 was
enpl oyed for this purpose. Cross-sectional transect
nmeasurenments were obtained at three instream fl ow study
sites in the LMCR  Velocities neasurenents were obtai ned at
each transect for a single flow of approximately 11,400 cfs
whi | e six stage-discharge nmeasurements were obtained at each
transect at discharges ranging from 3,000 to 48,000 cfs.
Initial calibration and sinulation nodeling of the LMCR
hydraul i c nodel are described in our 1989 annual report
(Connor et al. 1990). The LMCR hydraulic nodel was
relatively conpl ex because two of the three study sites
included a | arge nunber of transects |ocated in islanded
reaches. Special nethods and procedures were devel oped for
t he tMcr hydraulic nodel to predict changes in the
apportionnent of flow among the multiple channels in
islanded reaches, as well as transect water surface
elevations in these reaches, over the entire range of tota
river discharges nodeled. These nodeling procedures
resulted in accurate predictions of hydraulic
characteristics of the LMCR over a wide range of flows. The
results of the hydraulic nodel were then enployed in habitat
simul ati on nodel i ng.

I nt roducti on

The Instream Fl ow I ncremental Methodol ogy (I FIM,
devel oped and_supForted bythe US. Fish and Wldlife
Service's National Ecology Research Center (NERC), provides
a conprehensive col |l ection of conputer nodels and anal yti cal
procedures to Predlct changes in hydraulic conditions and
corresponding fish habitat characteristics with increnental
changes in streanflow (Bovee 1982). PHABSIM the Physica
Habi tat Sinmulation System is the habitat anal ysis conponent
of IFIM and provides the conputer based hydraulic and
habitat sinulation programs required for analysis of
habi t at - di scharge relationships (MIlhous et al. 1989). The
obj ective of our hydraulic nodeling was to sinulate
hydraul i ¢ and habitat characteristics of the LMCR and to
quantify and anal yze rel ati onshi ps between anadromous fish
hol ding, spawning, and rearing habitat versus discharge.
Results of hydraulic and habitat nodeling were subsequently
used to evaluate effects of current Dworshak Dam operating
condi tions on anadromous fish habitat in the LMCR as well
as to explore alternative flow regi nes which m ght benefit
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exi sting and potential anadromous fish stocks.
Met hods

We nodel ed the hydraulic characteristics of our LMCR
study sites (Chapter 1) using |FG4 (MIlhous et al. 1989) for
a range of discharges from85 to 1,416 cms (3,000 to 50, 000
cfs). | F&4 simulates the distributions of velocities,
depths, and substrate across cross-sectional transects, and
prgvfdes the necessary hydraulic data for PHABSI M habit at
model i ng.

Vel ocity, depth, and substrate neasurenents were
obtained at 31 transects |ocated anong 3 IFIMsites on the
IMCR: the Potlatch, Bedrock, and Big Canyon study sites
(Connor et al. 1990). These study sites were selected to
represent hydraulic and habitat conditions of the Potlatch
Bedrock, and Bi g Canyon segnments of the LMcR (see Chapter 1
Figure 1.1). In addition, six pairs of stage-discharge
measurenments were acquired on the LMCR at each transect
| ocati on. Instream fl ow study segnentation, site selection,
transect placenment, field neasurement methods, hydraulic
nodel calibration, and results of |IFG4 hydraulic nodel
simulation runs are described in our 1989 annual report
(Connor et al. 1990).

Final hydraulic calibration procedures for the LMCR
i nvol ved three basic steps. First, errors in water surface
el evation and di scharge cal cul ations were identified and
corrected. Most hydraul i c nodel discharge errors were
corrected by inproving flow apportionment estimtes anong
multiple channels at islanded sites. Second, a linear
i nterpol ation procedure was devel oped to inprove predictions
of water surface elevations fromdi scharge, since the
default |o0g-linear nmethod used by |FG4 was not appropriate
for a substantial number of transects. This enpirica
model , based upon Iinear interpolation of sinulation
di scharges between the six neasured stage-discharge pairs,
was then used to determne river stage at each transect.
Third, velocitg predi ctions along the edges of the river
were inproved by nndifying roughness values in | F4 data
files on a cell by cell basis. This provided a nore
realistic simulation of velocities in overbank areas at
higher flows. Modifications to the stage-di scharge nodel
and in cell roughness val ues were incorporated in a final
set of IFG4 calibration data files.

The next two sections wll describe transect grouping
procedures and flow apportionment nethods for islanded
sites. Final calibration procedures of the instream f| ow
hydraul i ¢ nodel inplenented since the publication of the
1989 report are described in Appendix B.
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Transect Groupings at study Sites

The initial basis for grouping transects into separate
data files was the selection of 3 I'FIMstudy sites
representing 3 segnents of the rMcr: Potlatch, Bedrock, and
Big Canyon. A single |FG4 data file would nornmally be
sufficient for a study site having a single river channel
and uniform discharge conditions. For multiple channe
reaches, however, separate hydraulic input data files nust
be created for each channel (Ml hous et al. 1984).

Transects |ocated within the same channel in a nmultiple
channel |FIMstudy site can be grouped into the same | FG4
data file because they possess a commbn d|schar?e regi me.

An |FA data file was created for each channel [ocated
within multiple channel (islanded) sites of the Bedrock and
Potlatch segnents.

The Potlatch stud¥ site required the greatest nunber of
hydraulic nodel input files because of the relatively |arge
nunber of transects placed at this site and the extrene
conpl exity of islanded channels. The Potlatch study site
was divided into two sub-sites: Upper Potlatch and Lower
Potlatch. A total of 18 transects were grouped into 10
hydraulic data files due to the conplicated |ayout of this
study site $Table 8.1). The |l ower Potlatch site, |ocated
downstream from U. S. Hi ghway 95 Bridge, represented the nost
conpl ex islanded section on the IMcr and coul d be divided
into seven channel s undergoi ng different discharge
conditions (Figure 8.1). Because of these islanded

channels, 7 separate hydraulic simulation input files were
required for the | ower study site which quantified a nain
channel reach (LPMC), an intermttent left island channe
reach (LPLC), three center island channel reaches (LPccCl,
LPCcC2, LpPCcCc3), and two island right channel reaches (LPRC1,
LPRC2). The Upper Potlatch sub-site consisted of only a
single island wth a main channel reach, right channe

reach, and a left channel reach. Consequently, only 3 files
were required for the quer study site (Table 8.1). The
Upper Potlatch site included a main channel reach (UPMC), an
island left channel reach (UPLC), and an island right

channel reach (UPRC).

The Bedrock Segment contained 1 study site |ocated
upstream from Cherryl ane Bridge, which included 8 transects
grouped into 3 |IFG4 data files (Table 8.1). This study
site, although islanded, was considerably |ess conplex in
nmor phol ogy and hydrol ogy than the Potlatch Segnent sites.
| FA data files were devel oped for a main channel reach
(BcMc), an island left channel reach (BCLC), and an island
ri ght channel reach (BCRC).
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Table 8.1. Transect groupings enployed in IFG hydraulic
simulations for the | ower mainstem C earwater
Ri ver, |daho.

Code Description Cross-sections
LPMC Lower Potlatch Main Channel _ 1,8
LPLC Lower Potlatch Left Channel, upper section 10,11

LPCCl Lower potlatch Center Channel, upstream section 2,3
LPCC2 Lower Ppotlatch Center Channel, mddl 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 Ppotlatch R ght Channel, |ower section 12,13
UPMC Upper potlatch Mai n Channel 1,3
UPLC Upper Potlatch Left Channel 2
UPRC Upper potlatch Ri ght Channel 4
BRMC Bedr ock Mai n Channel 2,3,7
BRLC Bedrock Left Channel 8,9
BRRC Bedrock Right Channel 4,5,6
BCMC Big Canyon Main Channel and 1,2,3
North Fork Main Channel (conbined) 1

not e: Lower Potlatch transect |ocations 9 and 14 not
measur ed.

The Bi g Canyon Segnent had the sinplest channel
mor phol ogy and hydrol ogy of the three river segments, since
it only included single channel (i.e. non-islanded) habitat.
The Big Canyon Segment contained 2 study sites: BH? Cangon
and North Fork. The Big Canyon site was represented by
transects and the North Fork site was represented by 1
transect (Table 8.1). These transects were conbined into a
single |F&4 data deck (BCMC) due to S|n1lar|tY I n channe
structure and hydrol ogy and the cl ose physical proximty of
the 2 study sites.

Fl ow Apportionment at Multiple Channel Sites

Two steps were enployed to accurately apportion total
river discharge anong islanded channels. First, errors in
di scharge apportionnent for |ow flow conditions were
corrected. This was achi eved by neasuring di scharge at
mul tipl e channel sites during low flow conditions occurring
on August 8, 1990. Total river flow on this date was 96 cms
(3,380 cfs) at the USGS gaging station at Spalding. Field
crews obtained cross-sectional depth and velocity
nmeasurenments in the left and right channel of the Bedrock
study site, and the center and right channel of the Lower
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Figure 8.1. Hydraulic subdivision of lower Potlatch island complex on the lower mainstem
Clearwater River: MC = main channel; CC1, CC2, and CC3 = center channel
reaches; LC = left intermittent channel; and RC1and RC2 = right channel
reaches (arrows indicate direction of flow).



Potlatch study site during this period. The |eft channel of
the Lower Potlatch site was isolated fromthe main channel

at this low flow, but contained enough retention water to
provide limted fish habitat. Cross-section neasurenments
were used to calculate discharges for island channels.
Partial discharges were nmultiplied by a constant so that the
sum of discharges equaled the total river discharge obtained
from the gaging station

Partial island discharges at higher flows were
calculated by two different nmethods. First, discharge was
directly obtained from nmeasurenments of velocity and depth
al ong selected transects during velocity calibration
measurements.  Velocity calibration neasurements were
obtained at a total river discharge of 323 cms (11,400 cfs).
Second, Manning's equation was used to calculate flow
apportionnent anmong islanded channels for total river
di scharges of 453 cms (16,000 cfs), 1,019 ems (36,000 cfs),
and 1,303 cms (46,000 cfs) (connor et al. 1990). Partia
di scharge cal cul ati ons were based upon hydraulic radius and
channel sl ope val ues obtained from sel ected instream fl ow
transects |ocated within each islanded channel site. For
both direct measurement and Manning's equation methods,
cal cul ated di scharges were nultiplied by a constant so that
t he sum of individual channel discharges for a given island
equal ed the total river discharge obtained fromthe gagi ng
stati on.

A total of 5 partial discharges were cal culated at each
multiple channel site using the procedures described above.
Partial discharges intermediate to these 5 val ues were
calculated using a linear interpolation nethod. A conputer
programwas witten to calculate partial discharges, ich
were required for input in both calibration and production
of IF&4 data files. This program reads a data file
containing the 5 paired partial and total river discharges.
Total river discharges fromwhich partial discharge
predi ctions are required are then read fromthe sanme data
file. Partial discharge calcul ations, based upon |inear
i nterpolation between appropriate total and partial .
discharge pairs, are then witten to an output file. This
program enploys the following linear interpolation formula:

PQ = po1 + ((PQ - pPQ1) * (TQ - TQ1) / (TQR - TQ1))

Were: PQ = partial discharge to be cal cul ated
TQ = total discharge for which partia
di scharge is required
partial discharge neasurenent |ess than PQ
corresgonding total di scharge measurenent
l ess than TQ

PQ1
TQ1l
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PQ2
TQ

partial discharge neasurenent greater than
PQ

correspondi ng total discharge neasurenent
greater than TQ

In |F& hydraulic sinulations, partial discharges nust be
used instead of total river discharges in calibration and
production data files for channels within islanded sites.

Resul ts

Foll owing conpletion of the final calibration
procedures for the LMCR hydraulic nodel (Appendix B), the
| FG4 hydraulic sinulation program was used to sinmulate
velocities, depths, and substrates at the three study sites
forflows ranging from 85 to 1,416 cms (3,000 to 50, 000
cfs). A review of velocities and depths predicted by the
nodel over this range of flow reginmes was provided in our
1989 annual report (Connor et al. 1990).

Di scussi on

The hydraulic nodel devel oped for the LMCR provi ded
realistic predictions of velocities and depths across
transects located in the Potlatch, Bedrock, and Big Canyon
study sites for discharges ranging from 85 to 1,416 cms
(3,000 to 50,000 cfs). A nore detailed discussion of the
hydraulic nodel is provided in our 1989 Annual Report
(Connor et al. 1990). The LMCR hydraulic nodel was
relatively conplex because many of the transects enployed in
the instream flow study were located within islanded sites
with multiple channels. Changes in water surface
el evations, and in the apportionment of flow anmong island
channels, with increasing river discharge were conplex.
Complicated field measurenment and hydraulic nodeling
procedures were required to nodel the diversity of hydraulic
conditions in the river over a range of flows appropriate
for the habitat study. These neasurenents and nodeling
procedures, when conbined with fish habitat suitability
information, provided an accurate portrayal of habitat
conditions in the LMCR
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CHAPTER 9
FI'SH SU TABI LI TY CURVES

Abstract-Suitability curves were devel oped for salmonid
species and |life stages present in the | ower mainstem
Clearwater River (LMCR). Type Il suitability curves, or
"preference curves", were constructed for rainbow/steelhead
trout Oncorhynchus mykiss fry (age O-t) and juveniles (age
1+) from neasurenents of fish habitat utilization and
habitat availability obtained in the IMCR. Preference
curves for chinook salnon 0. tshawtscha fry were used from
the Trinity River, California, due to | ow nunbers in the
LMCR, Canosite preference curves were constructed for
chi nook sal non juveniles by combining |imted nmeasurenents
in the LMCR with appropriate literature sources. Due to the
| ow numbers of spawning fall chinook salnmon in the LMCR, we
measured spawning utilization of summer chinook sal non in
the South Fork Salmon River, Idaho and the \Wenatchee R ver
Washi ngton.  Conposite chinook salmon spawning preference
curves were constructed by conbining neasurenents on these
two rivers with appropriate literature sources. Suitability
curves for holding chinook sal nron were al so not avail able on
the LMCR and were constructed by conposing suitability curve
val ues obtained from appropriate literature sources.
Suitability curves for all rivers and life stages were
devel oped to characterize habitat of l|arge rivers.

I nt roducti on

~ Physical habitat selected for fish can be described
using suitability curves. Four types of curves are
general ly devel oped in instream flow studies for a given
species or life stage of fish: velocity, depth, substrate
and cover (Bovee 1982; MIhous et al. 1984). These curves
are scaled fromO to 1 wth a value of 0 corresponding to
zero habitat suitability and 1 corresponding to maxinmum
habitat suitability. The values are determned from
prof essional judgement, field neasurenents of fish habitat
utilization, or a conbination of both. M crohabitat
suitability criteria can be further refined by adjusting
utilization curves for habitat available during field
measurements.  Curves based on professional judgnent are
often referred to as Type | curves, while utilization curves
are referred to as &%pe Il curves (Bovee 1986). Finally,
utilization curves which have been adjusted for availability
are referred to as Type IIl or "preference" curves. The
purpose of this chapter is to describe preference curves we
assenbl ed for chinook sal non Oncorhynchus tshawytscha and
rainbow/steelhead trout 0. mykiss.
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Met hods

~Suitability curves were devel oped for a nunber of _

species and life stages of fish in the LMCR  Target species
i ncluded the chinook salmon, wth enphasis on the fall race
of this species, and rainbow/steelhead trout. M crohabit at
use of chinook salnon juveniles (age 1+) and rai nbow
steel head trout fry (age 0+) and juveniles was quantified on
t he LMCR by neasurenents nmade through direct observation
Esnorkeling and SCUBA diving) within established study Ianes

Chapter 6). Study |anes were chosen randomy using a
roportional sanplln? strategy (Connor et al. 1989).

wever, proportional sanpling during 1989 was unproductive
for the purpose of preference curve devel opnment due to the
| ow density of chinook sal non and rai nbow st eel head trout
observed in randomy placed study |anes. Therefore
addi tional observations of these species were obtained
during 1989 and 1990 on the LMCR by using a "blanket"
techni que (Bovee 1986).

The bl anket techni que involved extending established
observation | anes and creating additional |anes in higher
fish density areas. Direct observation surveys conducted
during 1989 indicated that juvenile salnmonids in the LMCR
preferred rapid and riffle areas dom nated by boul der
substrate, therefore we sanpled these areas extensively.
Cbservation reaches ranged from536 to 1,640 m (1,760 to
5,280 ft) in length. The majority of salmonid m crohabit at
measurenments on the LMCR were acquired at a river discharge
of 340 cms (12,000 cfs) in 1989 and 255 cms (9,000 cfs) in
1990. Snorkeling was the primary nmethod used for |ocating
Luvenlle sal noni ds and obtai ning mcrohabitat neasurenents,

ecause extrenely few observations of these species were
made whil e SCUBA di ving deeper sections of the LMCR.

Measur ement of depth, velocity, and substrate over fal
chi nook redds was inpossible due to extrenely | ow adult
escapenent. Only 35 redds were observed fromaerial redd
surveys on the tMcr from 1988 to 1990 (Chapter 2).
Consequently, mcrohabitat use criteria for spawni ng chi nook
sal non apPIied to the LMCR were devel oped from neasurenents
obt ai ned from mainstem spawni ng sunmer chi nook sal mon on the
Wenat chee River, Washington, and the South Fork Sal non River
(SFSR), ldaho. Nose velocity criteria were devel oped for
LMCR chi nook sal mon spawni ng habitat nodeling for reasons
di scussed in Appendix D. Nose velocity criteria for this
study were obtained only fromthe Wnatchee River, since
this was the only river fromwhich nose velocity utilization
and availability data could be obtained.

The Wenat chee River consisted of a single, continuous
2.5 kmreach where spawni ng densities of fish were known to
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be high. The downstream end of this study reach was |ocated
adj acent to the town of Leavenworth, Washington. The SFSR
consi sted of multiple reaches al ong approximately 65 km of
river, located downstream from Stolle Meadows, [daho. W
Snor kel ed and waded to obtain nmost mcrohabitat measurenents
for spawni ng chi nook sal non, however used SCUBA to neasure
deeper redds in the Wnatchee River. Location of spawning
fish in these rivers was feasible due to the clarity of
water.  Chi nook sal non spawni ng nmeasurenents were obtai ned
on the Wenatchee River from Cctober 16 to 18, 1990 at a .
consistent river discharge of 31 cms él,lOO cfs). Spawni ng
measur enents on the SFSR were obtained from Septenber 5 to

7, 1990 at a consistent river discharge of 23 cms (800 cfs).

M crohabitat measurenents on all rivers were obtained
just after undisturbed chinook sal non were |ocated on redds
within the observation reaches. A description of this
procedure was %lven by Bovee (1986) and crance and Shoemaker
(1986). M crohabitat variables neasured at each observation
poi nt included nean col um velocity, nose velocity, total
depth, nose depth (i.e. distance of fish above streanbed),
and substrate conposition. The Brusven substrate coding
system as nodified by Bovee (1982) was used to qualify
dom nant and subdom nant substrates, as well as surface
percent fines, at each position (Table 9.1).

Table 9.1. Brusven codes (as nodified by Bovee 1982? appl i ed
to visual substrate nmeasurenments on the | ower
mainstem Cl earwater and South Fork Sal non Rivers,
| daho and the Wenatchee River, Washington

Code Substrate description
(secondary axis dianeter)

1 Fines (<4 m
2 Smal | gravel (4-25 nm
3 Medi um gravel (25-50 mm)
4 Large gravel (50-75 mm
5 Smal | cobble (75-150 mm)
6 Medi um cobbl e (150-225 mm)
7 Large cobble (225-300 mm
8 Smal | boul der (300-600 nmm)
9 Large boul der (> 600 mm)

78



M crohabi tat neasurenents obtained in the LMR
Wenat chee River, and SFSR were used to construct utilization
(Type II% curves for all target species and life stages of
fish. These were then converted into preference (Type I11)
curves after adjusting for habitat availability measured at
each river. Preference curves devel oped fromthe different
study rivers were conbined to obtain a set of conposite
preference curves for each species and life stage. In
several cases, literature preference values were used to
extend our conposite preference curves to nake them nore
appropriate for large river conditions.

Resul ts

W generated a |ot of data, tables, and figures in the
process of suitability curve analysis. Wth clarity in
mnd, we restricted the results to high points of the
anal ysi s. Detailed information is presented in Appendix C.

1. Chinook Sal nbn sSpawning

Peak depth utilization by summer chinook sal non on the
Wenat chee River was 85 cm (2.8 ft). (Cbserved depths of
sumer chinook spawni ng ranged from24 to 145 cm (0.8 to 4.8
ft). Depth availability for the Wenatchee R ver peaked at
46 ¢cm (1.5 ft) and ranged from9 to 335 cm (0.3 to 11.0 ft).
The peak depth preference for spawners cal cul ated from
utilization and availability data was 85 cm (2.8 ft), the
same as the utilization curve. After snoothing, the
Wenat chee River preference curve extended from24 to 162 cm
(0.8 to 5.3 ft? wi th the highest preference (> 0.7) between
70 and 116 cm (2.3 and 3.8 ft).

Depth utilization by sumer chinook sal non on the SFSR
peaked at 37 cm (1.2 ft? and ranged from6 to 98 cm (0.2 ft
to 3.2 ft). Depth availability ranged from6 to 98 cm (0.2
to 3.2 ft). The depth preference curve for the SFSR ranged
from6 to 67 cm (0.2 to 2.2 ft) wth peak preference
occurring at 37 cm (1.2 ft).

The deﬁth preference curve devel oped for fall chinook
salmon on the Trinity River ranged from18 to 175 cm (0. 45
to 5.75 ft) with a peak value occurring at 46 cm (1.5 ft)
(Hanpton 1988). Hanpton's (1988) conputed preference val ues
QOEStP% Trinity River peaked between 23 to 69 c¢cm (0.75 and

. t).

The conposite depth preference curve for chinook sal non
pawni ng peaked between 38 and 84 cm (1.25 and 2.75 ft)
Figure 9.1). Preference val ues were highest (> 0.7)
etween 23 and 114 c¢m (0.75 and 3.75 ft). Depths of 130 cm
4.3 ft) and beyond were assigned a preference value of 0.37
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to reflect deep water spawning observed in the literature by
chi nook sal non (Swan 1989).

Peak nose velocity utilization on the Wnatchee River
peaked at 40 cm/sec (1.3 ft/sec) and ranged from9 to 116
cm/sec (0.3 to 3.8 ft/sec). Nose velocity availability
peaked at 9 cm/sec (0.3 ft/sec) and ranged from9 to 116
cm/sec (0.3 to 3.8 ft/sec). The resulting nose velocity
preference curve peaked at 55 cm/sec (1.8 ft/sec) and ranged
from9 to 131 cm/sec (0.3 to 4.3 ft/sec;, (Figure 9.1).

H ghest nose velocity preference (> 0.7) occurred between 40
and 85 cm/sec (1.3 and 2.8 ft/sec).

Peak substrate utilization for chinook sal non spawni ng
in the Wenat chee River occurred on small cobbles (Figure
9.1). Substrate use on this river ranged from medi um
gravel s to medium cobbles. The nost avail able substrate on
this river was also snall cobbles. Available substrates on
the Wenatchee R ver ranged from fines to |arge boul ders.
However, the najority of substrates available in this river
were those suitable for spamnin? (i.e. mediumgravels to
medi um cobbles). Substrate preference criteria calcul ated
fr&a1utilization and availability also peaked for medi um
cobbl es.

Spawni ng chi nook sal non on the SFSR used sim | ar
substrates to those on the Wnatchee River. Small cobbles
al so represented the dom nant substrate used by spawni ng
fish in the SFSR Salnon in this river utilized a w der
range of substrates from small gravels to medi um cobbl es.
Avai | abl e substrate sizes on the SFSR ranged from snal |
gravels to large boulders. Like the Wnatchee River, the
most avail able substrate on the SFSR was snall cobbl es.
Large gravel s had the highest cal cul ated preference val ue
for substrates in this river. High substrate preference
val ues (> 0.7) for spawning salmon on the SFSR were
cal cul ated for substrates ranging from nmediumgravels to
smal | cobbl es.

Substrate preference criteria devel oped on the Trinity
R ver (Hanpton 1988) were broader than those cal cul ated on
ei ther the Wenatchee or SF Salnon Rivers. Chinook salnon
spawni ng was observed on the Trinity R ver anong substrates
ranging from small gravels to |arge cobbles. Preference for
medi um cobbl es was nuch higher on this river than the
Wenat chee and SF Salnon Rivers. This is inportant because
the much of the LMCR is dom nated by medi um cobbl es.

The conposite substrate preference curve had a peak
value (1.0) for large gravels and small cobbles (Figure
9.1). Hgh preference values (> 0.7) were obtained only for
these two substrate sizes, although small gravel and nedi um
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Figure 9.1. Composite preference curves for chinook salmon spawning for
the lower mainstem Clearwater River, Idaho, based on the SF
Salmon River, Idaho, Wenatchee River, Washington, and the
Trinity River, California.
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gogbles had noderate suitability values of approxinately

2. Chi nook Sal non Hol di ng

Depth utilization by sunmmrer chinook sal non on the Kenai
River, Al aska (Burger et al. 1982) and spring chinook on the
Wnd River, Vﬂshington (Wanpl er 1986) peaked around 230 cm

7.5 ft) and extended from 46 to 350 cm (1.5 to 11.5 ft)

Figure 9.2). High depth suitability (> 0.7) occurred
between 137 and 259 cm (4.5 and 8.5 ft). Nose velocity
utilization curves obtained fromthese rivers peaked at 85
cm/sec (2.8 ft/sec) and ranged from24 to 146 cm/sec (0.8 to
4.8 ft/sec) (Figure 9.2). Habitat availability data was not
obtained in either of these studies, consequentl¥,
preference (Type I11) criteria could not be devel oped. Peak
depth and nose velocity suitability values for holding fish
were substantially higher than those devel oped for spawning
fish. Due to a lack of adequate substrate utilization data,
we assuned that all substrate sizes would be equally
suitable to holding salnon (Figure 9.2) for habitat
simul ati on nodel i ng.

3. Chinook Sal mon Juvenil es

Peak depth utilization for chinook sal non juveniles on
the LMCR occurred at 52 cm (1.7 ft). Depth utilization on
the LMCR ranged from 21 to 113 ¢cm (0.7 to 3.7 ft). Depth
availability, predicted at 255 ems (9,000 cfs) on the LMCR,
peaked at 82 cm (2.7 ft) and ranged from6 to 660 cm (0.2 to
21.7 ft). Preference values for chinook salnmn juveniles
peaked at 52 cm (1.7 ft), like the utilization curve. High
preference values (> 0.7) occurred at depths between 37 and
98 cm (1.2 and 3.2 ft). The highest depth preference in the
Trinity River study gkhnpton 1988) was observed at 68 cm
(2.2 £t). Depth preference criteria devel oped for the
Trinity River were extended with values of 1.0 assigned to
all depths beyond 68 cm W decided not to extend depth
preference criteria for the LMCRin this way, because few
j uveni | e chinook sal non were observed at depths greater than
145 cm (4.7 ft), even though depths of up to 660 cm (21.6
ft) occurred in the river when mcrohabitat measurenents
were obtained. Consequently, only LMCR preference criteria
were used in defining conposite curves for depths beyond 68
cm (2.2 ft). The conposite preference curve for depth
peaked (i.e. value of 1.0) from53 to 68 cm (1.7 to 2.2 ft)
(Figure 9.3%. Hi gh depth preference values (> 0.7) were
cal cul ated between 38 and 100 cm (1.2 to 3.2 ft). Depth
preference ranged from?7 to 145 c¢cm (0.2 to 4.7 ft).
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Velocity utilization for chinook sal non juveniles was
measured on the LMCR between 0 to 61 cm/sec (0.0 to 2.0
ft/sec). Peak utilization was observed at velocities
between 0 and 15 cm/sec (0 and 0.5 ft/sec). The
availability of nmean water colum velocity predicted at 255
cms (9,000 cfs) peaked at 76 cm/sec (2.5 ft/sec) and ranged
fromO to 253 cm/sec (0 to 8.3 ft/sec). Calculated velocity
preference for the 1McrR peaked at 0 cm/sec and decli ned
above 8 cm/sec (0.3 ft/sec) to a preference value of 0.0 at
76 cm/sec (2.5 ft/sec). The velocity preference curve for
the Trinity River ﬁkbnpton 1988) exhibited a very simlar
shape but with a slightly higher upper velocity l[imt. The
Trinity River curve peaked at 0 cm/sec and then
progressively declined to O preference at 100 cm/sec (3.3
ft/sec). The conposite velocity preference curve devel oped
for the LMCR had maxi num val ues for velocities fromO to 8
cm/sec (0 to 0.26 ft/sec) (Figure 9.3). Above this,
preference values forned a steadily declining curve,
reaching 0 at 100 cm/sec (3.3 ft/sec).

Measured substrate utilization for juvenile chinook
sal non on the LMCR occurred for substrates ranging in size
from smal |l cobbles to |arge boulders. Peak utilization was
observed for large cobbles. Substrate availability
measurenments indicated that the nost substrates on the LMCR
ranged from nedium gravels to large boulders. Small and
| arge cobbles were the nost dom nant substrates measured in
the tMcr. Calculated substrate preference val ues for
juvenil e chinook sal mon indicated the highest preference for
smal | boul ders, with high values (> 0.7) for substrates
ranging in size from medium cobbles to small boul ders. The
substrate curve for chinook sal non juveniles devel oped for
the Trinity River (thﬁton 1988) showed a nuch wi der range
of preference values than that calculated fromthe LMCR
data. This is nost Iikelﬁ caused by a much broader range of
avail abl e substrates on the Trinity R ver which possessed
substrates ranging in size fromfines to |large boul ders.
Li ke the LMCR, small boul ders were the preferred substrate
of juvenile chinook salmon. The conposite curves
consequentl¥ showed a broader range of substrates than that
calculated fromthe Mcr data al one (Fi?ure 9.3). The
conposite curve for juvenile chinook sal non indicated that
substrates rangi ng from nmedi um cobbles to small boul ders
were nost preferred (preference > 0.7). Al substrate sizes
had at |east a noderate preference (> 0.5).

4. Chinook Sal non Fry

Maxi mum dept h preference for chinook salnon fry
occurred at 34 cm (1.1 ft) and ranged fromO to 207 cm (0 to
6.8 ft) (Hanpton 1988) (Figure 9.4). H gh preference (>
0.7) was predicted for depths from12 to 60 cm (0.4 to 2.0
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ft). Velocity preference was highest at 0 cm/sec and

decl i ned ragldly with increasing velocity (Figure 9.4).

Vel ocities beyond 46 cm/sec (1.5 ft/sec) were found to be
unsui tabl e for chinook salnon fry.  The npst Ereferred
substrate predicted by this study was fines (Figure 9.4).
Preference val ues gradually declined for |arger substrates
with substrates larger than small cobbles having a
relatively | ow preference (< 0.2).

5. Rainbow/Steelhead Trout Juvenil es

_ Peak depth utilization by rainbow/steelhead trout
juveniles on the LMCR was 85 cm (2.8 ft). Juvenile _
rainbow/steelhead trout were observed using depths ranging
from24 to 137 cm (0.8 to 4.5 ft). Depth availability at
255 cms (9,000 cfs) was greatest at 82 cm (2.7 ft) and
ranged from6 to 660 cm (0.2 to 21.7 ft). The cal cul at ed
preference curve had a maximum value of 85 cm (2.8 ft)
éF|gure 9.5). Preference values were highest (> 0.7) for
epths between 45 and 100 cm (1.5 and 3.3 ft) and ranged
from24 to 177 cm (0.8 to 5.8 ft).

Peak velocity utilization was 40 cm/sec (1.3 ft/sec).
Juveni | e rai nbow steel head trout were observed using
velocities ranglng fromO to 152 cm/sec (0.0 to 5.0 ft/sec).
Mean colum velocity availability at a discharge of 255 cms
(9,000 cfs) peaked at 76 cm/sec (2.5 ft/sec) and ranged from
O to 253 cm/sec (0 to 8.3 ft/sec). Velocity preference was
hi ghest at 24 cm/sec (0.8 ft/sec) (Figure 9.5). Hi gh.
preference values (> 0.7) were calcul ated for velocities
ranging fromO to 55 cm/sec (0 to 1.8 ft/sec). Velocity
preference ranged fromO to 162 cm/sec (0 to 5.3 ft/sec).

Substrate utilization for rainbow/steelhead |uveniles
was highest for small boulders. Substrate availability
measurenents on the LMCR indicated that nost substrate
ranged in size frommediumgravels to large boulders, with
medi um cobbl es the nost available substrate class. Spmll
boul ders were the nost Preferred substrate class (Figure
9.5). Preference calculations for substrate indicated that
substrates ranging in size fromlarge cobbles to | arge
boul ders were the nost suitable (preference > 0.7) for
juvenile fish

6. Rai nbow Steel head Trout Fry

Peak depth utilization by rainbow steel head trout fry
on the IMCR was 24 cm (0.8 ft). Fry used depths that ranged

from9 to 100 cm (0.3 to 3.3 ftg. Depth availability at a
di scharge of 255 cms (9,000 cfs) was greatest at 82 tm (2.7

ft) and ranged from6 to 660 cm (0.2 to 21.7 ft). The
preference curve calculated for rainbow/steelhead trout fry
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peaked at 24 cm (0.8 ft) (Figure 9.6). Pref erence val ues
were highest (> 0.7) for depths between 24 and 40 cm (0.8
and 1.3 ft) and ranged from9 to 100 cm (0.3 to 3.3 ft).

Peak velocity utilization was O cm/sec. Fry were
observed using velocities ranging fromO to 55 cm/sec (0 to
1.8 ft/sec). Mean water columm velocity availability at a
di scharge of 255 ems (9,000 cfs) peaked at 76 cm/sec (2.5
ft/sec), and ranged fromO to 253 cm/sec (0 to 8.3 ft/sec).
The velocity preference curve peaked at 0 to 10 cm/sec (0 to
0.3 ft/sec) (Figure 9.6).

Substrate utilization for rainbow/steelhead fry was
hi ghest for medi um cobbl es. Substrate availability
nmeasurenments on the LMCR indicated that nobst substrates
ranged in size from nmedium gravels to large boulders, wth
medi um cobbl es the npbst avail able substrate cl ass. Smal |
boul ders were the nost preferred substrate (Figure 9.6)
after adjusting for substrate availability. Pr ef er ence
calculations for substrate indicated that substrates ranging
in size from nedium cobbles to |arge boul ders were the npst
suitable (preference > 0.7) for fry in the LMCR

D scussi on

Suitability curves for fall chinook sal nbn spawni ng
enphasi zed greater depths and higher velocities than
observed in other studies. W used nose velocity criteria
instead of mean column velocity criteria in devel oping
chi nook sal nobn spawni ng curves. This was necessary to
account for the larger differences between mean columm and
bottom vel ocities observed in the deep waters of large
rivers. Suitability curves for chinook sal non and
rainbow/steelhead trout fry indicated a preference for
relatively low velocities in shallow water. Suitability
criteria for juvenile chinook salnon and rainbow steel head
trout indicated a preference for higher velocities and
greater depths than that of fry, as well as a definite
preference for |arge cobble and boul der substrates. The
preference of large substrates by juvenile salnonids is
likely a result of velocity refuges provided by these |arger
substrates within the main channel habitat of the LMCR
Ma'in channel habitat velocities in the LMCR generally exceed
tolerated values for juvenile salnonids. Consequently, the
hi ghest densities of juvenile salnonids were found in
associ ation with boulders, though this habitat type is found
in relatively |ow abundance when conpared to medi um cobbl e
substrates which dom nate the LMCR
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CHAPTER 10
HABI TAT SIMULATION MCODELI NG

Abstract-Habi tat sinulation nodeling was conducted to
descri be habitat characteristics of the | ower mainstem
Clearwater River (mMcr) for river discharges ranging from 85
to 1,416 cms (3,000 to 50,000 cfs). The PHABSI M habi t at
simul ation nodel was used for this purpose. The program
enmpl oyed hydraulic information obtained fromthe LMCR
hydraul i c nodel and habitat suitability criteria devel oped
for the tMcr to simulate habitat conditions for chinook
sal non Oncor hynchus tshawytscha adult hol di ng and spamn|n%,
and chinook sal non and rainbow/steelhead trout 0. mykiss fry
and juvenile rearing. Habitat simulation nodeling was used
to describe changes in weighted usable area (WJA) and
habi tat area (ng as a function of total river discharge. A
habitat tinme series analysis was then enployed to describe
habitat conditions on the LMCR on a nonth-to-nonth basis.
This habitat time series was devel oped fromdaily discharge
i nformation obtained fromthe LMCR  WJUA and HA val ues for
chi nook sal non and rainbow/steelhead trout fry and 6uvenlles
were highest at relatively low flows (85 cms or 3,000 cfs),
a result of high velocities which domnate the LMCR at
moderate and high discharges. WJA and HA val ues were al so
hi ghest at these same |ow flows for spawning chinook sal non,
also a result of higher velocities. WA and HA val ues for
chinook sal non and steel head trout adult holdlng wer e
hi ghest at noderate di scharges (453 cms or 16, 000 cfs).

I nt roducti on

A typical instream fl ow study generates an enornous
volume of data, which at first glance, is overwhel mng and
presents and unclear picture. The objective of this study
segment was to interface our fish population periodicity,
hK raulic, and fish habitat preference data to define
changes in fish habitat with fluctuations in discharges from
Dwor shak Dam

Met hods

Habi t at Versus Di scharqge Rel ati onshi ps

We used our calibrated hydraulic sinulation nodel
(Chapter 8) to predict velocity, depth, and substrate
conditions at the Potlatch, Bedrock, and Big Canyon study
sites for discharges ranging from85 to 1,416 cms (3,000 to
50,000 cfs). Results of hydraulic simulations at these
sites were then enployed in HABTAT (M I hous et al. 1989).
HABTAT defined wei ghted usable area (WJA) versus flow
rel ationships for each species and |ife stage in each
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segment of the LMCR

Habitat nodeling for the LMCR consisted first of
caIcuIating WUA versus di scharge rel ationships for the
Pot | atch, Bedrock, and Big Canyon |FI M study sites (Appendix
D). Habitat-discharge relationships were devel oped for
chi nook sal non Oncorhynchus tshawytscha hol di ng, spawni ng,
juveniles, and fry, and rainbow/steelhead trout 0. mykiss
juveniles and fry. WUJA versus discharge curves were
cal cul ated using the HABTAT habitat sinmnulation nodel which
i ncorporated the hydraulic sinmulation data and m crohabit at
preference curves devel oped for the LMCR

~ W converted WUA versus discharge relationships into
habi tat area (HA) versus discharge relationships for the
three river segnents (Appendix D). HA values reflect the
total weighted habitat provided to fish for giyen sinulation
flpws and were expressed in hectares (10,000 m or 107,639
ft%) . HA values for chinook sal non and rainbow/steelhead
trout fry and juveniles were nodified u5|n% sumer critical
tenperature criteria for predicting total habitat in the
IMcR for July and August (Appendix D). Relatively high
wat er tenperatures have been observed during these nonths
coinciding with periods of low flowin the LMCR. Resulting
HA versus discharge relationships for the three river
segnents were then used to identify optimal flows for target
Sp%CIQS and |ifestages and used for the habitat tinme series
anal ysi s.

Habitat Tinme Series Analvsis

A habitat tine series analysis was enployed to quantify
and anal yze habitat conditions on the LMCR resulting from
existing flow conditions. The nonth-to-nonth use of the
LMCR by each target species and life stage was first defined
before proceeding to the tine series analysis, since
nodel i ng habitat conditions for nonths in which a given
speci es was not present would be neaningless. Habitat
statistics were devel oped on a nonth-to-nonth basis for key
life stages of species on this tineline. Based upon this
timeline, habitat statistics were calculated for tal
chi nook sal non sFamning from Novenber through m d-Decenber
whi | e chi nook sal non hol ding habitat was cal cul ated from
June to Septenber. Habitat statistics for spring chinook
sal mon juveniles were calculated from January to June.
Habitat statistics for steel head trout hol ding were
cal culated from August through March. Finally habitat
statistics for rainbow steel head trout rearing were
cal culated from January to Decenber, since they are present
in the river throughout the entire year.
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The habitat area curves devel oped for target species in
the Potlatch, Bedrock, and Big Canyon segments of the LMCR
were used to calculate daily habitat values fromriver
di scharge data. W deveIoPed a mcroconputer programto
cal cul ate daily habitat values, since |FI M prograns
devel oped by the U S. Fish and Wldlife Service cal cul ates
habitat values using a nonthly tinme-step ﬁBovee 1982). A
monthly time-step would be too long to realistically access
effects of flows on habitat val ues, because flows in the
ILMCR vary considerably during any given nmonth. This
variable flow pattern is caused by variable rel ease
schedul es of Dworshak Damto neet short-term energy demands
(e.g. hot sumer periods), as well as by natural runoff
Patée{ns_of the upper mainstem Clearwater R ver and its

ributaries.

_ Files of daily discharge values were first read by our
m croconputer program for each the three segnents of river
Di scharge files contained daily discharge records from 1973
to the present. This corresponds to the time period when
flows in the tMmcr were influenced by Daworshak m oper ation
Dwor shak Dam was conpleted in 1972, with normal reservoir
operation attained in March, 1973 (UsAackE 1986). Separate
di scharge records were devel oped for each segnent to account
for differences in flow due to tributary inflows,
groundwater accretion, and irrigation diversions and
returns. Di scharge records for the potlatch Segnent were
obtai ned fromthe Spal ding gaging station, while those for
the Big Canyon Segnent were obtained fromthe Peck gaging
station. A discharge record was sinulated for the Bedrock
Segnent from wat ershed area based interpolation of daily
di scharge val ues recorded at the Spal ding and Peck gagi ng
stations.

A file containing coordinates of the habitat area (HA)
versus di scharge curve for each species and life stage was
also read by our mcroconputer program  The programthen
converted each daily discharge value in the 17-yr record
into a daily habitat value using the appropriate coordinates
in the habitat versus discharge curve file. A l|inear
i nterpolation algorithmwas used to cal cul ate habitat val ues
when daily discharge values fell between those provided in
the HA versus discharge coordinate data file. Habitat
val ues were calculated in separate programruns for each
target species. The output of this procedure was a database
of daily habitat values tor each target species and life
stage for each of the three river segnents.

The resulting databases of daily habitat val ues were
anal yzed using a mcroconputer statistics package.
Frequency val ues, including 10oth, 50th, and 90th percentile
values, were used to characterize daily habitat conditions
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existing in the river as influenced by reservoir rel eases
and natural runoff patterns. Daily habitat values were
cal culated on a nonth-to-nonth basis to identify those
mont hs in which habitat conditions were the best, and those
which were the poorest, under current reservoir operating
conditions. The 50th percentile (median) value was used to
describe the center of the habitat frequency distribution
resulting under historic conditions. This value is the nost
intuitive for conparing differences in habitat fromnonth to
month, since it describes whether the center of the
frequengY distribution is relative high or low The 10th
ercentile value gives a good indication of the poorest
abitat conditions occurring for any given nonth, while the
90t h percentile value describes the best habitat conditions
occurring for the sane nonth

Resul ts

Habi tat Versus D scharge Relationships

WUA val ues cal cul ated for main channel habitat at the
Pot | atch, Bedrock, and Big Canyon study sites were highest
at the |lowest discharges nodeled (Figure 10.1). The highest
WUA val ues occurred at 85 cms (3,000 cfs). WA val ues
declined at higher discharges. WJA values for chinook
sal nron spawni ng habitat for potlatch Site nmain channels
peaked at 85 cms (3,000 cfs) while WJA val ues for side
channel s were nmaxi mum at approxi mately 283 cms (10, 000 cfs)
and WUA values for intermttent channel s were nmaxi num at
about 708 cms (25, 000 cfs).

A simlar pattern was observed for rainbow steel head
trout juveniles. WJA values for these fish were highest at
85 ems (3,000 cfs) and declined rapidly at flows above this
at the Potlatch site main channel. WUJA values in the side
channel s were greatest at aﬁproxinately 453 cms (16, 000
cfs), while WJA values in the intermttent channel were
greatest at 120 cms (36,000 cfs) (Figure 10.2).

HA versus discharge relationshigs for chinook sal non
spawni ng were hi ghest at 85 cms (3,000 cfs) for the
Potlatch, Bedrock, and Big Canyon segnents (Figure 10.3).
The ﬁreatest area of spawni ng habitat (120 ha) was provided
by the Potlatch Segment. This results from a_ higher
availability of suitable spawning substrates in the potlatch
Segnent . so, this segnment contains the highest density of
islanded channel s on the tMcr. Nearly maxi mum spawni ng
habi tat values were maintained in the pPotlatch and Bedrock
segnents to about 170 cms (6,000 cfs). HA values for
spawni ng declined to 45 and 15 ha in the potlatch and
Bedrock segnents, resPectiver, at about 850 ems (30, 000
cfs). Spawning HA val ues for the Bedrock Segment were
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relatively | ow and declined rapidly bel ow maxi mum val ues of
35 ha for discharges above 85 cms (3,000 cfs).

HA val ues for hol ding chinook sal non peaked at nuch
hi gher flows at all segments: 453 cms (16,000 cfs) in the
Potlatch and Bi g Canyon segnents, and 340 cms (12, 000 cfs)
in the Bedrock Segment (Figure 10.4). Maxi mum hol di ng
habi tat val ues occurred at nmuch higher discharges as a
result of greater depth and nose velocity suitability
criteria when conpared to spawning habitat. The Potlatch
Segnment provided the nost holding habitat in the IMCR. A
maxi mum habi tat value of 130 ha was predicted for the
Potlatch Segnent, while values of 60 and 55 ha were
predicted for the Bedrock and Big Canyon segnents,
respectively. Holding habitat values in all segnents were
relatively Iow at discharges of 85 ems (3,000 cfs), but
increased rapidly at higher discharges. HA values at al
sites progressively declined beyond peak val ues attained
from 340 and 453 cms (12,000 and 16,000 cfs) (Figure 10.4;.
Hol di ng habitat values at a flow of 1,416 cms (50,000 cfs),
t he highest flow nodel ed, were 60, 22, and 20 ha for the
Potl atch, Bedrock, and Big Canyon segnents, respectively.

HA val ues for chinook salnmon fry were extrenely | ow
wi th maxi mum habitat values of only 1.2 ha attained in the
Potlatch Segnent (Figure 10.5). Maxi num HA val ues for the
Bedrock and Big Canyon segnents were 0.5 and 0.7 ha,
respectlvety._ The magni tude of these val ues becone apparent
when considering that the LMCR has a total wetted area of
approximately 1,000 ha at 85 cms (3,000 cfs). These val ues
are only about 1/100th of the total habitat value for al
segment s conbi ned and are greatest at the |owest nodel ed
flow of 85 cms (3,000 cfs) (Figure 10.5). Habitat values
then rapidly declined until about 198 cms (7,000 cfs),
beyond which the response of habitat to discharge is
relatively flat. Habitat values slightly increased beyond
963 cms (34,000 cfs) in all segments, sug?est|ng t hat
greater anounts of critical edge habitat for fry may be
provided at these flows.

The summer HA versus discharge relationships for fry
resenbl e those cal cul ated for non-summer periods except that
val ues were |ower for discharges between 85 and 283 cms
(3,000 and 10,000 cfs) (Figure 10.6). Habitat values for
| ower di scharges were reduced because of decreased
suitability of river tenperatures provided by these flows
during nonths of July and August (Chapter 12). Maxi num HA
val ues of approximately 0.4 ha occurred at the Potlatch Site
at 85 ems (3,000 cfs), 736 cms (26,000 cfs), and again at
1,189 cms (42,000 cfs). HA values for the Bedrock and Big
Canyon segnments decreased slightly at flows above 85 cms
(3,000 cfs).
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HA val ues for chinook sal non juveniles were
approximately ten tinmes greater than those observed for fry
(Figure 10.7). Maxi mum HA val ues for all segnents occurred
at the |owest simulated discharge of 85 cms (3,000 cfs). HA
val ues at this discharge were 22, 24, and 12 ha for the
Potlatch, Bedrock, and Big Canyon segnents, respectively.

HA val ues decreased rapidly at discharges above 85 cms
(3,000 cfs), but leveled at approximately 425 ems (15, 000
cfs) in all segments. HA values increased in the Potlatch
Segment from 425 to 793 ems (15,000 to 28,000 cfs),
suggesting the inportance of island habitat at higher flows.
Habitat val ues also increase slightly in the Bedrock Segnent
from510 to 680 cms (18,000 to 24,000 cfs).

_ Tenmperature-nodi fied (Chapter 12) HA val ues for
juvenil e chinook sal non were substantially reduced from

t hose predicted under non-critical climtic conditions for
di scharges between 85 and 283 cms (3,000 and 10, 000 cfs)
(Figure 10.8). As with fry, this reduction was the result
of high water tenperatures which occur during low flows in
Jul'y and August.  The HA versus discharge curves were

i dentical to those ﬁred|cted under non-critical tenperature
conditions for discharges above 283 cms (10, 000 cfs),
|nd|cat|n%_that fl ows above this |evel provided tenperatures
that are highly suitable for chinook sal mon juveniles.

The HA versus discharge curves for rainbow/steelhead
trout fry (Figure 10.9) in the LMcr resenbled those for
chinook salnmon fry, except that HA val ues are approxi mately
5 times higher for the same discharges. HA val ues for
rainbow/steelhead trout fry were greatest at the Potlatch
Segment, with a maxi num HA val ue of 10 ha occurring at 85
cms (3,000 cfs). Habitat conditions in the Bedrock and Big
CanKon segments were al so greatest at 85 ems (3,000 cfs)
with values of 7 and 8 ha, respectively. Like the chinook
fry curve, the rainbow/steelhead trout fry HA versus
di scharge curve declined rapidly from85 ems (3,000 cfs) to
approxi mately 283 cms (10,000 cfs). HA values for
rainbow/steelhead trout fry then slightly increased from 283
to 510 ems (10,000 to 18,000 cfs) in the Big Canyon Segnent,
and from 283 to 566 ems (10,000 to 20,000 cfs) in the
Patl atch and Bedrock segnents. HA val ues under sunmer
habitat conditions were also reduced considerably for
rainbow/steelhead trout fry for discharges between 85 and
283 cms (3,000 and 10,000 cfs) (Figure 10.10). This
reduction occurred for the same reasons explained for
chinook salnon fry and juveniles.

Habi tat val ues for rai nbow steel head trout juveniles
were higher than those predicted for rainbow steel head trout
fry, as well as for chinook salmon juveniles and fry. At 85
cms (3,000 cfs), HA values for rai nbow steel head trout
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juveniles attained a maxi mumvalue of 22 ha in the Potlatch
Segment, 12 ha in the Bedrock Segment, and 42 ha in the Big
Canyon Segnent (Figure 10.11). The HA versus discharge
curve for critical sunmmer conditions resulted in | owered HA
val ues for discharges between 85 and 170 cms (3,000 and
6,000 cfs) (Figure 10.12).

Total HA versus discharge rel ationships were obtained
by adding the HA values for the three segnents of the river
at every flow  These curves resulted in an overal
description of the relationship between habitat and flow in
the IMCR. Total habitat curves are expressed as a
percentage of maxi num possible habitat.

Maxi mum habitat in the river was provided at 85 cms

3,000 cfs) for chinook sal nmon spamm|n8 (Figure 10.13).

lows from85 to 198 cms (3,000 to 7,000 cfs) provide 90% or
more of maxi mum habitat. The 70 and 50% | evels of maxinmum
habitat were provided by discharges of 312 and 481 cms
(11,000 and 17,000 cfs), respectively. The chinook sal mon
iﬁﬁ“ﬂ'”g curve flattened out beyond 850 cms (30,000 cfs)

ich provides about 30% of maxi mum possible habitat.

_ Unli ke spawning habitat, the holding habitat versus
di scharge rel ati onship had a shape which is skewed to the
right (Figure 10.14). Maxi mum hol di ng habi tat was provided
by a river discharge of 453 cms (16,000 cfs). Discharges
bet ween 283 and 566 cms (10,000 and 20,000 cfs) provided
habi tat val ues that equal or exceed 90% of maxi mum possi bl e
habitat. Discharges between 198 and 878 cms (7,000 and
31,000 cfs) provided 70% or nore of maxi mum possible
habi t at . Finally, discharges between 142 and 1,218 cms
(5,000 and 43,000 cfs) provided habitat values equalling or
exceedi ng 50% of maxi mum habit at

~The total habitat curve for fry shows that habitat
conditions were nore beneficial to fry in the LMCR at the

| owest discharges nodel ed. Maxi mum habitat occurred at 85
cms (3,000 cfs?.and dropped rapidly to about 340 cms (12, 000
cfs)| beyond which habitat changed relatively little with

di scharge (Figure 10.15). D scharges between 85 and 142 cms
(3,000 and 5,000 cfs) provided habitat values which equal or
exceed 50% of maxi mum values. The total habitat curve for
critical summer conditions resulted in higher habitat val ues
for all flows than those under the non-critical curve
(Figure 10.16).

The total habitat versus discharge curves for chinook
sal mon juveniles closely resenbled that calculated for fry,
except that higher habitat val ues were provided by higher
di scharges (Figure 10.17). Maxi num possi bl e habitat was
provi ded by a discharge of 85 cms (3,000 cfs). Discharges
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Figure 10.11. Habitat area versus discharge relationships for rainbow/
steelhead trout juveniles at Potlatch, Bedrock, and Big Canyon
Segments, lower mainstem Clear-water River.
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Figure 10.12. Critical temperature habitat area versus discharge relationships
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Big Canyon Segments, lower mainstem Clearwater River.
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Figure 10.13. Total habitat area versus discharge curve for chinook salmon
spawning in lower mainstem Clearwater River.
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Figure 10.14. Total habitat area versus discharge curve for adult chinook
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River.

104



100
§ 903 !
8 804 \\
I 3
S ool &
E E
5 203
2 404
2 304 =
£ 103
0 Frrrer et

0
5000

10000
15000
25000
30000
35000

40000
45000
50000

o
o
o
o
QJ
Discharge (cfs)

Figure 10.15. Total habitat area versus discharge curve for chinook salmon fry
in lower mainstem Cleat-water River.
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Figure 10.16. Critical temperature total habitat area versus discharge curve for
chinook salmon fry in lower mainstem Clearwater River.
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Figure 10.17. Total habitat area versus discharge curve for chinook salmon
juveniles in lower mainstem Clearwater River.
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Figure 10.18. Critical temperature total habitat area versus discharge curve for
chinook salmon juveniles in lower mainstem Cleat-water River.
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l ess than 127 cms (4,500 cfs) provided 70% or nore of

maxi mum habitat, while discharges |ess than 198 cms %7,000
cfs) provided 50% or nore of maxinum habitat. For the
summer critical tenperature total habitat curve, naxi mum
possi bl e habitat was still provided by a discharge of 85 cms
(3,000 cfs) (Figure 10.18).

~ Maxinumtotal habitat for rainbow/steelhead trout fry
Figure 10.19) was al so provided at a discharge of 85 cms
3,000 cfs). Flows less than 113 cms §4,000 cfs) provided
0% or nore of maxinum habitat, while flows |less than 198
cms (7,000 cfs) provided 50% of maxi num habitat.  Maxi mum
habi tat under critical sunmer tenperature criteria also
occurred at 85 cms (3,000 cfs) (Figure 10.20).

Total habitat values for rainbow/steelhead | uveniles
(Figure 10.21) were considerably higher for the same flows
conpared to those for fry. Flows |ess than 170 cms $6,000
cfs) provided 70% or nore of maxi mum habitat, while' flows
l ess than 283 cms (10,000 cfs) provided 50% or nore of
maxi mum habitat. For the summer critical tenperature
habi tat versus dlscharge relationship, maxi mum possible
habi tat was al so grOV| ed by a discharge of 85 cms (3,000
cfs) (Figure 10.22).

Habitat Tine Series Analvsis

Habi tat val ues were generated on a daily basis for each
life stage and calculated fromdaily flows neasured in the
LMCR from 1973 to 1990. Under the influence of Dworshak
Dam river discharges in January and February have a nedi an
fl ow val ue of 283 cms (10,000 cfs) (Figure 10.23). Flow
ﬁrogressively i ncreased through March and April until yearly

igh flows were achieved in May and June. These latter two
mont hs had a nedian flow value of 906 ecms (32,000 cfs). By
inspectinﬁ 90 and 10% exceedance statistics, it is aﬁparent
t hat disc ar?e variation was greatest during nonths having
high median flow values (Figure 10.23). Flows ra idly
dropﬁed in JuIY to a nedi an val ue of 255 ems (9,000 cfs).

Di scharge was | owest during August and Cctober, in which
both nonths had a nedian flow val ue of about 142 cms (5, 000
cfs). Septenmber flows and had a nmedi an val ue of 255 cms
(4,000 cfs). Higher flows in Septenmber resulted from

i ncreased reservoir releases, which were used to reduce pool
el evations in Dwrshak Reservoir for flood control purposes.
Mont hly fl ows Progressively i ncreased from Cctober to a
medi an val ue of 283 cms (10, 000 cfs) in Decenber.

The habitat time series analysis conducted for target
species and |ife stages resulted 1 n a database of daily
habi tat values for the Potlatch, Bedrock, and Big Canyon
segments.  Median (i.e. 50% exceedance) values define the
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Figure 10.19. Total habitat area versus discharge curve for rainbow /steelhead
trout fry in lower mainstem Clear-water River.
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Figure 10.20. Critical temperature total habitat area versus discharge curve for
rainbow/ steelhead wout fry in lower mainstem Clearwater River.
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Figure 10.21. Total habitat area versus discharge curve for rainbowkteelhead
trout juveniles in lower mainstem Cleat-water River.
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Figure 10.22. Critical temperature total habitat area versus discharge curve for
rainbow/steelhead trout juveniles in lower mainstem Clearwater
River.
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Figure 10.23.  Monthly statistics of daily flows for the lower mainstem
Clearwater River; 1973 - 1990. Line represents median flow
values; bars represent range of discharges between 90 percent
and 10 percent exceedance values (source: Spalding USGS
gaging station records).

center of frequency distribution and was used to describe
average habitat conditions. The 90% exceedance |eve
describes the |ower end of a frequency distribution, and was
used to describe poor habitat conditions. Exceedance val ues
were only calculated if a species or |ife stage was ﬁresent
or potentially present in the LMCR for a given nonth. A
monthly |ifestage timeline for target species in the LMCR isS
provided in Figure 10.24.

Medi an habitat val ues for chinook sal non spawni ng were
relatively high for Novenber and Decenber (Table 10.1).
Habitat val ues were highest at the potlatch Segnent and
| owest in the Big Canyon Segnent. Total habitat provided by
all three segnents was 181.9 ha in Novenber and 151.3 ha in
Decenber.  These val ues represent 88 and 73% of the maxi mum
possi ble value for spawning, indicating that flows during
these nonths were highly suitable for s?‘avvnl ng. N nety
percent exceedance val ues were also highest for the potlatch
Segnent and |owest for the Big Canyon Segnent. Total 90%
exceedance val ues for Novenber and Decemper were 135.9 and
102.9 ha, respectively. These values correspond to 66 and
50% of maxi num possi bl e habitat and suggest that habitat
conditions for spawning is better in Novenber than Decenber.
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Figure 10.24. Monthly timeline for target species in the lower mainstem Clear-water River.



Table 10.1. Habitat exceedance values for chinook salmon spawning;
lower mainstem Clearwater River.
MEDIAN VALUE (HECTARES) Percent of
Month Potlatch Bedrock  Bio Canvon Total Maximum
October 119.5 53.4 27.8 200.7 0.97
November 114.9 48.4 18.7 181.9 0.88
December 96.9 38.1 16.3 151.3 0.73
90 PERCENT EXCEEDANCE VALUE (HECTARES) Percent of
Month Potlatch Bedrock __ Bia Canyon Total Maximum
October 112.4 49.3 19.7 181.4 0.88
November 86.8 33.4 15.7 135.9 0.66
December 61.7 26.7 145 102.9 0.50
Table 10.2. Habitat exceedance values for holding adult chinook salmon;
lower mainstem Clearwater River.
MEDIAN VALUE (HECTARES) Percent of
Month Potlatch Bedrock _ Bia Canvon Total Maximum
June 93.5 32.6 315 157.6 0.67
July 93.0 50.5 44.3 187.8 0.80
August 47.3 34.8 335 115.6 0.49
September 93.7 56.1 47.1 196.8 0.84
90 PERCENT EXCEEDANCE VALUE (HECTARES) Percent of
Month Potlatch Bedrock _ Bia Canvon Total Maximum
June 58.6 21.7 19.7 100.0 0.42
July 48.5 32.8 31.9 113.3 0.48
August 30.0 20.8 26.5 77.3 0.33
September 33.2 23.9 31.3 88.5 0.38
Table 10.3. Habitat exceedance values for chinook salmon juveniles;
lower mainstem Clearwater River.
MEDIAN VALUE (HECTARES) Percent of
Month Pot l:g.8 Bedrock  Bia Canvon Total Maximum
January 8.8 5.0 8.6 22.4 0.39
February 5.2 9.1 23.1 0.40
March 8.0 3.8
April 7.9 3.5 4460 BT 031021
May 7.9 35 3.0 14.4 0.25
June 7.7 3.5 3.0 14.2 0.24
90 PERCENT EXCEEDANCE VALUE (HECTARES) Percent of
Month Potlatch Bedrogk B Canyon Total Maximum
January 6.5 31 4.3 13.9 0.24
February 6.6 3.1 4.2 13.8 0.24
March - 3.0 3.0 12.6 0.22
April 6.6 3.0 2.9 12.4 0.21
ay 6.7 3.0 2.3 12.0 0.21
June 6.6 3.0 2.3 12.0 0.21
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Medi an habitat val ues for chinook sal non hol di ng were
relatively high during July and Septenber, but considerably
| ower during June and August (Table 10.2). Total nedian
habi tat val ues ranged from 115.6 ha in August to 196.8 ha in
Septenber. These val ues corresponded to 49 and 84% of
maxi mum possi ble habitat. In referring to the LMCR fl ow
hydrpgraph (Figure 10.23), it is apparent that Septenber
provi des the highest habitat val ues because flows during
this nonth are closest to those which provide optiml
habitat area (HA). In the case of chinook sal non hol ding,
this corresponds to a discharge of 453 cms (16, 000 cfs).

Di scharges 1n July are simlar to those in Septenber and
consequently provide simlar habitat values. Low values in
August result fromflows which are considerably |ower than
the optinmal discharge, while | ow values in June result from
flows which are considerable higher than the optinal

di scharge. Evaluation of 90% habitat exceedance val ues

i ndi cate that the poorest habitat conditions occur during
August and Septenber (Table 10.2).

Medi an habitat values for chinook sal non juveniles were
consistently low in every nonth (Table 10.3). Median
habi tat values ranged from14.2 to 23.1 ha, relatively |ow
nunbers conpared to those obtained for spawning and hol di ng
chinook salmon. The best habitat conditions occurred within
t he Potlatch Segnment while the poorest occurred within the
Bedrock Segnent. The best habitat conditions occurred in
January and February, which had nedian habitat val ues which
were 39 and 40% of maxi num possible habitat, respectively.
The poorest habitat conditions occurred in My and June.
After referring to daily flow statistics for each nonth
(Figure 10.23), the best flow conditions occurred during
nmonths having the lowest flows. This seens reasonable
consi dering that maxi num habitat area is provided by a
di scharge of 85 cms (3,000 cfs). The 90% exceedance val ues
al so indicate that the poorest habitat conditions occurred
during nmonths having the highest daily flows (Table 10.3).

Habi tat val ues for steel head trout hol ding were
relatively high during nost nonths with total nedian habitat
values ranging from 99.7 to 204.7 ha (Table 10.4). The
hi ghest habitat values were from January to March and during
Septenber and Novenber. These nonths provide habitat val ues
which were 79 to 87% of maxi num possible habitat. Poorest
habitat conditions were observed during August and Cctober
whi ch provi ded habitat val ues which were 49 and 42% of
maxi mum respectively. The 90% habitat exceedance val ues
were al so | owest during these two nonths with val ues
corresponding to 33 and 29% of maxi mum habitat.
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Table 10.4. Habitat exceedance values for holding adult steelhead trout;
lower mainstem Clearwater River.
MEDIAN VALUE (HECTARES) Percent of
Month Potlatch Bedrock  Bia Canyon Total Maximum
January 97.4 49.2 47.1 193.7 0.82
February 95.4 47.1 42.9 185.4 0.79
March 104.4 46.1 43.8 194.4 0.82
August 47.3 34.8 33.5 115.6 0.49
September 93.7 56.1 47.1 196.8 0.84
October 39.1 29.1 31.5 99.7 0.42
November 72.1 47.2 40.9 160.2 0.68
December 101.8 54.4 48.4 204.6 0.87
90 PERCENT EXCEEDANCE VALUE (HECTARES) Percent of
Month Potlatch Bedrock _ Bia Canvon Total Maximum
January 34.0 23.5 28.3 85.8 0.36
February 36.5 25.9 28.6 91 .0 0.39
March 56.6 29.8 30.9 117.3 0.50
August 30.0 20.8 26.5 77.3 0.33
September 33.2 23.9 31.3 88.5 0.38
October 26.6 18.1 24.8 69.5 0.29
November 31.2 21.7 29.7 82.6 0.35
December 37.0 26.0 30.9 93.8 0.40
Table 10.5. Habitat exceedance values for rainbow/steelhead trout juveniles;
lower mainstem Clear-water River.
MEDIAN VALUE (HECTARES) Percent of
Month Potlatch Bedrock  Bia Canvon Total Maximum
January 135 8.8 15.8 38.1 0.50
February 13.6 9.4 17.0 40.0 0.52
March 9.3 7.1 14.6 3l.0 0.41
April 8.7 6.0 10.0 24.8 0.32
May 8.6 6:0 8.4 23.0 0.30
June 8.6 6.2 18.4 390232 0.30
July 14.0 8.9 0.51
August 154 8.9 22.2 46.4 0.61
September 14.7 9.6 16.7 41.0 0.54
October 20.8 11.7 33.2 65.6 0.86
November 16.9 10.8 19.3 47.1 0.62
December 12.8 8.6 15.7 37.1 0.49
90 PERCENT EXCEEDANCE VALUE (HECTARES) Percent of
Month Potlatch Bedrock  Bia Canvon Total Maximum
January 7.7 5.7 9.6 23.0 0.30
February 7.7 5.6 9.6 22.9 0.30
March 7.6 5.4 9.3 22.3 0.29
April 7.6 5.3 8.4 21.2 0.28
May 7.6 5.4 75 20.6 0.27
June 1.7 5.6 75 20.8 0.27
July 7.8 5.7 9.6 23.2 0.30
August 13.7 8.0 16.2 37.9 0.50
September 11.2 7.9 15.0 34.0 0.45
October 16.4 11.0 21.3 48.7 0.64
November 10.6 75 14.3 32.4 0.42
December 8.6 6.2 10.4 25.1 0.33




Habi tat val ues for rainbow/steelhead trout juveniles
were | ow when conpared to val ues obtained for chinook sal non
spawni ng and hol ding, and steel head trout holding, and were
nore conparable to those obtained for juvenile chinook
sal mon.  Medi an habitat values for rainbow/steelhead trout
juveniles ranged from23.0 ha in May to 65.6 ha in Cctober
(Table 10.5). H ghest habitat values were observed in the
Bi g Canyon Segment except for May and June, when slightly
hi gher habitat values were observed in the Potlatch Segnent.
The best habitat conditions were provided by flows in
Cct ober resulting in nmedian habitat val ues which were 86% of
optimal. H gh habitat values in Cctober were the result of
low flows, since the flows in that nonth are the |owest
during the year (Figure 10.23). Habitat values were
ggng;derably | ower during other nonths of the year (Table

Di scussi on

Wi ght ed usabl e area versus discharge curves predicted
by habitat simulation nodeling substantially differed anong
singl e channel sites and islanded channel sites on the LMCR
Wi ght ed usabl e habitat values for chinook sal mon spawni ng
wer e generall¥ hi ghest in main channel sections at the
| owest river tlows nodeled. However, the WJA val ues for
side channels and intermttent channels of the Potlatch and
Bedrock sites peaked at nuch higher values. Sinilar
patterns in WJA versus di scharge curves were observed for
chi nook sal non and rainbow/steelhead trout fry and
juveniles. H gher WUA val ues for islanded channels resulted
fromtwo factors: 1) the wetted area of islanded channel s
i ncreased nore than in the main channel at higher flows: and
2) islanded channel s provi ded nuch | ower velocities and
depths than nmain channels at higher flows.

Habi tat nodel ing was used to predict the response of
the entire ILMCR to discharge. Because main channel habitat
represented much nore of the LMCR by area than islanded
habitat, the WJA versus di scharge curves obtained at the
Potlatch and Bedrock sites were highly weighted towards main
channel habitat. |f the WJA versus discharge relationships
had been sol ely devel oped fromthe hydraulic conditions
occurring within side channels and intermttent channels,
maxi mum WUA val ues for all species and |life stages would
have corresponded to considerably higher discharge val ues.
This is apparent after reviewng intermttent and side
channel WUJA val ues for the potlatch and Bedrock sites.

Devel opi ng WUA versus discharge functions for islanded
channel s woul d be reasonable if they were identified as
critical habitat to target species. 1Islanded Sites in the
Potlatch and Bedrock segnments have sone of the best

115



hydraul i c and substrate conditions for sBamning chi nook
salmon in the LMCR  However, spawning observations on the
LMCR have been extremely [imted and chi nook sal mon have
been observed spawning in main channel areas of the river
(Chapter 2). Therefore, there is currently insufficient

evi dence that island channels in the tMcr are critical
habitat for spawning fish. Habitat Area (HA) versus _

di scharge relationships, which are calculated fromconposite
WJA val ues for islanded sites, indicate that the majority of
habitat in the tMcr is located in the main channel of the
river.

HA val ues for sPamning chi nook sal non were hi ghest at
the |owest range of flows nodeled. This was mainly a result
of higher than preferred velocities that characterize the
LMCR at all but low flows. HA values for chinook sal non and
steel head trout adult holding were nmuch higher than those
for SFaMﬂln?_fISh, a result of the greater depths required
by hol ding fish.

Two concl usions can be reached from HA versus discharge
rel ationships for chinook salmon fry in the LMCR 1) HAis
extremely limted for fry throughout the entire range of
flows nodeled for the river; and 2) the best habitat
conditions, however limted, are provided by the |owest
flows. HA values for salnon juveniles were considerably
higher than values for fry at the same flows. This is
because the relatively high velocities and depths on the
LMCR are nuch nore suitable for juveniles than for fry.

Habi tat val ues are highest for the Bedrock Segnent, a |ikely
result of the large proportion of cobble and small boul der
substrates within this segnent which are preferred by
juveni |l e sal non.

Relatively flat or slightly increasing HA val ues at
hi%her di scharges enphasi ze the inportant role of edge
habitat in the LMcr for both chinook salmon fry and
juveniles. Mst habitat in the LMCRis provided at the
edges of the river, since velocities occurring throughout
nost of the channel usually exceed the velocity criteria of
both juveniles and fry. Velocities are typically low al ong
the edges of the river relative to the rest of the channel
As discharge increases, edge habitat on the LMCR apparently
remai ns constant or slight i ncreases as indicated by the
HA versus discharge curves for these fish.

Habi t at area val ues for rainbow steel head trout
juveniles were consistently highest in the Big Canyon
Segnent.  The Big Canyon Segnment contai ned hi gher amounts of
smal | and | arge boul der domnated riffle and rapid/riffle
habitat which is preferred by rai nbow steel head trout
juveniles in the IMcr. The greater velocities and depths
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associated with |arger substrates in the Big Canyon Segnent
are within the suitabilitK range of rainbow/steelhead trout
juveniles, but not chinook sal non juveniles and rai nbow
steel head trout fry. HA values for rainbow steel head
juvenil es are higher under critical summer tenperatures than
HA val ues for rainbow/steelhead fry and chinook sal non
juveniles. This is because the upper limt of tenperatures
sui tabl e for rai nbow steel head juveniles is higher than that
for fry and chinook sal non juveniles.

Fl ow conditions in Novenber ﬁrovide better habitat
conditions than in Decenber for chinook sal mon spawning.
Cccasional high flows, IIikeIY a result of hydropeaking,

woul d explain |ower habitat [evels during Decenber. _
Spawni ng conditions coul d be inproved by decreasing flows in
Decenmber as well as avoiding high flow conditions. Habitat
val ues for hoIdin? chinook sal non are |owest during the late
summer and ear | all in the tMcr. This is likely the
result of low flow events during these nonths. _leding

habi tat woul d be inproved by providing higher mnimm | ows
during August and Septenber. Habitat conditions would be

i mproved for juvenile chinook sal mon by providing | ower
flows during all nonths, especially April through June

After conparing habitat values with the yearly
hydrograﬁh for the LMCR, it can be concluded that the
poorest habitat conditions for steel head hol ding results
fromlow flows in August and Cctober. Habitat conditions
woul d be inmproved by increasing flows in the LMCR during
t hese nont hs.

The poorest habitat conditions for rainbow/steelhead
trout rearing occurred during April through June and
resulted from high flows during these nonths. Al though
habitat conditions for rainbow steel head trout rearing would
be inproved by reducing flows in the LMCR during this
period, we realize that reduced flows during this tine would
not be conpatible with salmonid smolt mgration timng.
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CHAPTER 11
SPAVNI NG HABI TAT QUANTI FI CATI ON

Abstract-We cal cul ated the total nunber of chinook

sal non Oncorhynchus tshawtscha redds the | ower 57.3 km of
the | ower mainstem Clear-water River (LMCR) could potentially
support.  The [FIM hydraulic sinulation nodel SChapter 8)
was used to define transect verticals where velocities,
depths, and substrate were suitable for spawning. Spawning
criteria used were 15 to 122 cm's for velocity, 15 cmto
infinity for depth, and dom nant substrate of 50 to 150 nm
These criteria along with hydraulic sinulation results were
input into the HABTAT habitat sinulation nodel to obtain
total area of habitat suitable for spawning. , The tota
sui tabl e spawni ng area was divided by 20.1 m°, the area
required for each spawning pair, to obtain 95,489 redds.
Based on one pair of spawners per redd, the LMCR could
potential |y support an estimated 190,978 spawni ng chi nook
salnon.  This redd nunber is probably an overestimate since
it does not consider downwelling hydraulics in the sPamnlng
substrate and all biol ogi cal or behavioral aspects o
production potential . limting factor for chinook sal mon
iﬁamnlng on the LMCR may be arnoring of substrate particles

ich typically occurs below dams. A possible spamnln?
substrate enhancenent strategy may be to mechanically [oosen
or break up the arnor layering in key spawning areas to
i ncrease spawning habitat quality.

I nt roducti on

Since the construction of Dworshak Dam and the
el imnation of the Washi ngton Water Power Dam at Lew ston,
t he anadromous fish production potential of the | ower
mainstem Cl earwater River (LMCR) has been dranati cal
changed. | ce flows that once may have scoured the L
streanbed are now prevented by warner water discharges from
Dwor shak Dam during the winter. Fish could also pass freely
after the Washi ngton Water Power Dam was renoved on the
LMCR. However , imted chinook salnon Oncorhynchus
t shawyt scha restoration efforts have been concentrated in
nore pristine headwater tributaries of the Cl earwater
drai nage and none incorporated the %roduction potential of
the mainstem river (Connor 1989). arkhurst (1950) did note
t hat spawni ng gravel was abundant in the LMCR and
recomended t he mainstem river berestocked (Connor et al.
1990). Qur objective was to calculate the total habitat
area suitable for chinook sal non sFamning and estinmate the
total number of redds the LMCR could potentially support.
W al so describe the LMCR spawni ng substrate characteristics
and expl ore possi bl e enhancenent strategies fromliterature
sour ces.
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Methods

We cal culated the quantity of chinook sal non spawni ng
habitat on the LMCR to estimate redd nunmbers that potenti al
SEamnlng ar eas cpuld_suPport based on physical habitat area.
The 1FIM hydraulic simulation nodel, devel oped for the LMCR
(Connor et al. 1990), was used to define transect verticals
where velocities, depths, and substrate met spawning
criteria. Spawning criteria were based on m crohabitat
preference curve data developed from this study (Chapter 9).

We assuned that spawning site selection by chinook
sal ron woul d occur over a range of mcrohabitat conditions
(i.e. spawning sites could be selected in |ess than optinal
habitat conditions). To nmeet this assunption, binary
suitability criteria were devel oped for spawning site
selection.  Binary criteria provide for two possible
conditions for each mcrohabitat variable: that each
variable is either suitable or not suitable for fish (Bovee
et al. 1986). Relatively broad criteria were devel oped for
aPpllcat!on to the mMcr and were based upon observed ranges
of spawning in large rivers (Chanmbers et al. 1956; Swan
1989). The depth criteria used for this analysis had a
| oner range of 15 cm (0.5 ft). Al depths greater than this
value were assumed to be suitable for spawning. Swan (1989)
reported the maxi mum depth of fall chinook spawning at the
Hanford Reach on the Colunbia River was 9.1 m and averaged
6.5 m Mst depths on the LMcr, especially wthin spawning
areas, are much shallower than this. Mean colum velocities
of 15 cm's (0.5 ft/s) to 122 cnm's (4.0 ft/s) were al so
assuned to be suitable for spawning. Finally, transect
| ocations having dom nant substrate sizes ranging from50 to
150 nm were assuned suitable. Substrate codes used provided
that subdom nant substrates larger or smaller than this
woul d be suitable, given that dom nant substrates were
within the range specified.

_ Spawning site selection criteria, along with hydraulic
simulation results, were then input to the HABTAT habitat
simul ation nodel (M lhous et al. 1989) to calcul ate total
habitat area at each IFIM study site suitable for spawning.
Spawni ng habi tat sinulation nodeling was conducted for a
river discharge of 113 cms (4,000 cfs), a discharge
identified by PHABSI M habitat sinulation nodeling as being
near optimal for chinook sal non spamnin? in the LMCR
(Chapter 10). The total area suitable for spawning
cal cul ated bg this programfor each site was expressed as
wei ghted usable area (WUA) in units of sg-ft spawning
habi tat per 1000 |inear £t of river. The WJA val ues for
mul tiple channel sections at the Potlatch and Bedrock study
sites were multiplied by appropriate weighting factors
(Chapter 10), and added to obtain a single WJA val ue for
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each site. WUJA values for the Potlatch, Bedrock, and Big
Canyon sites were then nultiplied bK the length of each
segnment to obtain a total spawning habitat area val ue,
expressed in hectares (ha), for each segment.

The total nunber of potential redds in each segnment was
obtained by dividing the total habitat area suitable for
spawni ng in each segment by the area required for a redd.

Bur ner %1951) suggested a conservative estinmate of redds an
area coul d support may be obtained by nultiplying the
average area of a redd (5.1 mfor fall and sumer chi nook)
by four to allow for spacial requirenments between spawning
pairs. W used thjs approach to obtain a spawning area
estimate of 20.4 required for each spawning' pair. This
was simlar to Swan's (1989) estimate of 21.7 m for each
redd observed in concentrated fall chinook spawni ng areas at
Vernita Bar on the Columbia River. Swan's estinate was
based on transect interval observations with the assunption
that the distribution of redds wthin the site were
representative of the average redds/transect.

During our freeze-core study (Chapter 4), we observed
nmoderate arnoring of the spawning substrate which typically
occurs in rivers below dans. Therefore, the estinmate for
potential redds in the LMCR is based on arnoring not being a
factor. W reviewed literature sources to assess spawni ng
sHbstrate enhancenent nethods that nay be appropriate for
t he LMCR.

Resul ts

We cal cul ated 95,489 as the total nunmber of chinook
sal non redds the Mcr coul d potentially support assum ng
full seeding (Table 11.1). The Bedrock Creek and Potlatch
River study segnents possessed substantial areas of
substrate suitable for spawning. These two segments
accounted for 86% of the total available spawning area. As
mentioned earlier, nobst islanded reaches occur in these
segments. Based on one pair of spawners per redd, the LMCR
could potentially support approximtely 190,978 spawni ng
chi nook sal non.

The degree of arnoring occurring in the LMCR spawni ng
substrate may be substantial. During our freeze-core study
(Chapter 4), we observed sone_spamnlng areas that were
conpacted and difficult to drive the tfreeze probes in.
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Table 11.1. Estimated redd nunbers at each study segment on
the [ ower mainstem Clearwater River, |daho based
on a total river discharge of 113 cms (4, 000

cfs).
_ Segnent Total spawning Tota
Ri ver segnent length (km area (ha) no. redds
(estimated)
Big Canyon 21.8 27. 4 13, 431
Bedrock Creek 16.0 57.8 28, 333
Potlatch Ri ver 19.5 109.6 53,725

Total 95,489

D scussi on

The total nunber of redds calculated for the LMCRis
probably |iberal, since PHABSIM tends to overestimate the
spawni ng val ues for chinook salnon (Shirvell, 1990). This
total redd estimate did not consider other factors not
i ncluded in PHABSIM analysis. Velocity, depth, and
substrate may not be the only parameters regul ating
spawning. It has long been known that many sal nonids prefer
to spawn in transitional zones where downwel Iing hydraulics
occur between pools and riffles (Stuart 1953). However
during aerial redd surveys éChapter_z), we observed al nost
hal f of all fall chinook redds not in association wth a
pool -riffle interchange, although total sanmple size was |ow
These redds were located i n honbgeneous mai n channel runs
with noderate water velocities. Also, this redd estimte
does not consider all biological or behavioral aspects of
production potential

Swan (1989) reported an estimated fall chi nook adult
escapenment of over 76,000 fish to the Hanford Reach on the
Col unbia River during 1986. Along this 47.3 km stretch
spawni ng area utilization was estimated to be only 22% of
availability (Swan 1989). Based on MNeil substrate
sanples, Vernita Bar of the Hanford Reach contained a higher
per cent age of nedi um cobbl e than what we found on the L
(Chapter 4). Chapnman et al. 1986) reported 32-35% of
particles were greater than 76 mm conpared to 20-30% found
on the LMCR  However, we sanpled the best spawning areas on
the LMCR  If we had sangled spawni ng areas randonly, the
percentage of nedi um cobbles may have been simlar to
Vernita Bar. If hydraulic conditions are simlar to the
Col unbia River at Vernita Bar, fall chinook shoul d have no
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probl ems constructing redds in the LMCR substrate, provided
armoring is not a problem

Qur shear velocity study §Appendix F) suggested that
spawni ng substrate noves at a fairly lowflow w thin the
islanded sections. However, in the main channel areas,
substrate does not seemto nobilize until a relatively high
flowis reached, which nay be a result of the armoring.
There has been a nunber of techniques used to clean spawni ng
substrate, however these studies concentrated nostly on
renoving excess fines within the gravels. Andrew (1981)
suggested the use of heavy equi pment with a bucket
attachment or a rotary drum screener as a neans to clean
spawni ng areas. Chapman et al. (1983) used a bulldozer with
a front-nmounted rake deS[?ned for cleaning gravel in a
spawni ng channel to scarify a spawning substrate site at
Vernita Bar on the Colunbia River. This technique
satisfactorily | oosened the substrate, however, it did not
adequatel y cleanse the substrate of fines %Chapwan et al.
1983). Al though percent fines should not be a limting
factor for incubating chinook sal mon on the rMcr (Chapter
5) , this technique may prove useful to |oosen and break the
arnoring in key spawning areas.

Bai | ey and Rimbach (1991) report the use of various
instream structures in the Umtilla River Basin to enhance
spawning habitat quality and quantity. Sinilarly, Espinosa
and Lee (1991) report the use of |og weirs or woody debris
to collect and enhance spawning habitat in smaller tributary
streans of the LMCR  This technique nay benefit spamninﬁ
chi nook sal non by breaking up higher velocity areas on the
LMCR, but may not be technically feasible because of the
IMCR’s | arge size and high water velocities.

Concl usi ons

We made a sonmewhat |iberal estimate of the number of
redds the LMCR coul d ﬁotentlally support. It is apparent,
however, that other ysical and biological factors wll
effect the total nunber of spawners the LMCR can support
besi des adequate spamnln? substrate size. The fact that
fall chinook are currently using both island riffles and
mai n channel areas on the LMCR suggests that both habitat
tyﬂes can support spawnln% A Bossible spawni ng substrate
enhancenent strategy may be to break up the arnor |ayer by
mechani cal ly |oosening the substrate particles. 1o
structures and woody debris to enhance spawni ng congitions
are probably less feasible due to the high water velocities
on the LMCR  However, concentrating spawning substrate
enhancenent in key side channels of islanded areas may be
feasible and prove beneficial for chinook sal mon spawning.
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CHAPTER 12

TEMPERATURE ANALYSI S

Abstract-We devel oped a streamtenperature nodel to
predict tenperature conditions in the | ower mainstem
C earwat er ver (LMcR) for several Dworshak Dam di scharge
and tenperature release alternatives. The Stream Network
Tenperature Mbdel (SNTEMP) was used to identify the
potential for inproving tenperature conditions for salmonid
fish by modifying flow and tenperature rel eases from
Dawor shak Dam ~ After calibration procedures were conpleted
the nodel was used to predict average tenperatures in the
LMCR on a | ongitudinal basis under different reservoir
di scharge and tenperature release alternatives. W nodel ed
tenperature rel eases during hot climatic conditions in July
and August to assess the potential for inproving habitat
conditions for rearing rainbow steel head trout Oncorhynchus
mykiss and chinook salnon 0. tshawytscha. W al so nodel ed
tenperatures in Novenber and Decenber to determne if |ow
tenperatures coul d be increased for advancing chinook sal non
i ncubation timng. Results of tenperature nodeling indicate
t hat Dworshak Reservoir can be used to dramatically inprove
tenperature conditions for salmonid fish in the sumrer and
advance incubation timng only slightly. A 57 ems (2,000
cfs) release of 7.2 °c water fromthe dam would benefit fish
by reducing summer water tenperatures to nore optimal for
rearing salnonids. These same benefits could be obtained by
a 113 cms (4,000 cfs) release of 12.8 °c water (the
approxi mate tenperature released under existing conditions).
A 113 cms (4,000 cfs) release of 10 °c water may not be
possi bl e during all of Novenber and Decenber to effectively
advance chinook sal non incubation timng.

| nt roduction

The Stream Network Tenperature Mdel (SNTEMP),
devel oped and supported by the National Ecol ogy Research
Center (NERC), was used to nodel tenperatures on the |ower
mainstem Cl earwater River IMcr under a nunber of Dworshak
Reservoir release alternatives. SNTEMP is a physica
process nodel used to predict average daily water
t enper atures using neteorol ogi cal, stream geonetry, and
hydr ol ogi cal input data (Theurer et al. 1984; Barthol ow
1989).  SNTEMP consi sts of several conponent prograns, the
nost inportant being a heat flux nodel and a heat transport
model .  The heat flux nodel predicts the energy bal ance
bet ween water and the surroundi ng environnent and is based
upon influx of solar radiation and radi ant heat exchange
bet ween the water, atnosphere, surrounding terrain, and
streanbed.  The heat transport nodel predicts nean_daily
wat er tenperatures as a function of distance and tinme o
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travel, and requires hydrol ogical and stream geonetry

i nformati on. M ni mum and nmaxi nrum daily tenperatures are

al so Predicted by the heat transport nodel and are
calculated froma regression nodel which is applied to
average daily tenperature estimates. The heat transport
nodel i s based upon steady flow conditions and is not
suitable for changing flow conditions within a daily tinme
frame. In addition to heat flux and heat transport nodels,
SNTEMP al so includes a solar nodel, shade nodel,

met eor ol ogi cal nodel, and tenperature and hydrol ogy
regression model .  The solar, shade, and neteorol ogica
nmodel s provide input data required by the heat flux program
The regressi on nodel provides sinulated hydrol ogy and
headwater tenperature data to the heat transport program
when required due to lack of field data. Data required by
SNTEMP i ncl udes baseline water tenperatures at headwaters
and reservoir structures, meteorological values, daily nean
di scharge information for specified |ocations, and stream
geonetry data for specified stream reaches. W used SNTEMP
I'n our LMCR study to: 1) characterize the river's
temperature regime;, and 2) identify the potential for

i mproving conditions for existing and potential anadronous
salmonid popul ati ons.

Met hods

We calibrated the SNTEMP nodel to realistically predict
tenperatures in the 1McrR under a wi de range of flow and
met eor ol ogi cal conditions (Appendix E). Appropriate globa
calibration coefficients were devel oped to mnim ze dai
and nean nodeling errors for the two time periods nodele
June 1 to Cctober 31, and Novenber 1 to Decenber 31. Sunmer
wat er tenperature nDdeIin? was conducted in order to
identify conbined river flow and neteorol ogical conditions
that result in critical water tenperatures for salnonids.
Average daily tenperatures can exceed 22 °c and naxi mum
daily tenperatures can exceed 23 °c in the LMCR (Chapter 1).
These tenperatures, although below critical |ethal values
for juvenile rainbow/steelhead trout Oncorhynchus mykiss
(Ral eigh et al. 1984) and juvenile chinook sal non 0.
tshawytscha (Ral eigh et al. 1986), substantially exceed
those tenperatures required for optimal growth and health
Early winter tenperature nndeling was conducted to identify
the potential for advancing incubation timng of fal
chinook in the LMCR  Fall chinook sal non energed
approximately 3 weeks later on the LMCR than on the Snake
R ver which was mainly due to col der Novenmber water
temperatures in the LMCR (Chapter 3). Later energence of
fall chinook and hence snolt timng in the LMCR may coi nci de
w th unfavorable summer tenperatures and |ow fl ows,
therefore earlier emergence timng nay be advantageous.
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The SNTEMP nodel was used to predict tenperatures in
the Potlatch, Bedrock, and Big Canyon segnents (see Chapter
1, Figure 1.1) of the LMCR under a nunber of flow and
reservoir tenperature release alternatives. The SNTEMP
model predicted average and maxi mumdaily tenperatures at a
number of |ocations in the LMCR including the upper end of
the LMCR at the North Fork Clearwater R ver (NF
confluence, the Big Canyon study site, the Bedrock study
site, the pPotlatch study site, and the |ower end of the LMCR
at Lewiston. Due to the conplexity and volune of nodel
outputs, this report focuses on tenperatures predicted at
upper end of the LMCR at the NFCR confluence and the | ower
end of the tMcR at Lew ston. These |ocations effectively
bracket the entire LMCR and provide upper and lower limts
of the predicted average daily water tenperatures.

The tenperature nodel was initially calibrated to
simul ate tenperatures under baseline discharge and
tenperature release conditions at Dworshak Dam  Baseline
condi tions closely approximated existing di scharge and
tenperature conditions from June 1 to Septenber 30, 19809.
Sinul ation of baseline conditions varied somewhat from
actual conditions due to hydropeaking that occurred for a
nunber of days (20) during this nodeling period. Because
SNTEMP is a steady state discharge nodel PTheurer et al.
;984),_stead% flow conditions in nodeling runs were assuned
in defining baseline tenperature conditions. These baseline
temperatures in turn were used as a benchmark fromwhich to
ne?sure potential benefits derived fromalternative flow
rel eases.

For the June 1 to Septenber 30 period, LMCR
tenperatures were sinulated under reservoir releases of 57,
113, 170, and 227 ems (2,000, 4,000, 6,000, and 8,000 cfs).
In addition, two release alternatives proposed by the U.S.
Arnmy Corps of Engineers was nodeled: a 283 cms (10,000 cfs)
rel ease from August 7 to August 27, and a 708 cms (25, 000
cfs) release from August 7 to 22. River water tenperatures
for each of these six flow regi nes were nodel ed under three
tenperature release alternatives from Dworshak Dam 1
baseline conditions (approximately 12.8 °c or 55 °F); 2) a
7.2 € (45 By tenperature release; and 3) a 10 °c (50 °F)
tenperature rel ease.

For the Novenber 1 to Decenber 31 period, LMCR
temperatures were nodeled for: 1) 1989 baseline reservoir
di scharge conditions; 2) a 113 cms (4,000 cfs) reservoir
rel ease; and 3) a 170 cms (6,000 cfs) reservoir rel ease.

For each discharge alternative, river tenperatures were
simul ated under selective reservoir tenperature rel eases of
7.2 °c and 10 °c. Since Dworshak reservoir typically |ooses
thermal stratification during |ate Novenber or early
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Decenber, tenperature releases of 10 °c may not be
atéall né;lble during the entire early winter tine period
nodel ed.

Resul ts
June 1 throush Septenber 30

Under baseline conditions, average daily water .
tenperatures at the confluence of the NFCR ranged from 10 “c
in early June to 19.0 °c during the first week of August
(Figure 12.1). Duri ng this same period, average daily water
temperatures predicted in the L at Lewiston ranged from
11.0 to 20.2 c. Water tenperatures were between 10 and 15
°c throughout the entire length of the LMCR during the
nmonths of June and Septenber. Average daily water
temperatures in July and August were typi ca?/ly bet ween 15
and 20 °c at Lewiston. Average daily water te gratures at
t he NFCR confluence were generally l'ess than 17 “c during
July and August. Average daily water tenperatures at
Lewiston exceeded 18 °c for 7 days in July and 4 days in
August. water tenperatures in the LMCR at Lewiston were
generally 1 € warner than the NFCR confluence during nost
of June and Septenber, and from1 to 2.5 °c during July and
August (Figure 12.1).
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Figure 12.1. Clearwater River temperatures under baseline Dworshak
Reservoir release discharge and temperature conditions, June
1 to September 30, 1989.
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Under a 57 cms (2,000 cfs) Dworshak Damrel ease
alternative at baseline rel ease tenperatures (approximtely
12.8 © from June through Septenber, predicted tenperatures
at both the NFCR confluence and at Lewiston are generally
hi gher than those observed under 1989 baseline conditions
(Frgure 12.2). Flows rel eased from Dworshak Dam were hi gher
than 57 cms (2,000 cfs) during all of June, during the |ast
two weeks of July, and during all of Septenmber. Flow
rel eases greater than 57 ems (2,000 cfs) occurred
intermttently in August. Tenperature reductions in the
LMCR from June through Septenber only occur during periods
m?ep reservoir discharges are greater than 57 cms (2, 000
cfs).

A 57 cms (2,000 cfs) Dworshak Damrel ease at 7.2 °c
woul d | ower wat er terTTperature at the NFCR confluence from1
to 2 °cin July, and from1 to 3 °c in Aﬂgust (Figure 12.2).
Tenperatures at the NFCR confluence woul d typically be |ess
than 17 °c in July and 15 °c in August under this release
alternative. Mean daily tenperatures at Lewiston Woul d be
reduced by 1 to 1.5 °c in July, and by 1 to 2 °c in August
under this release alternative. This would have a _
significant inmpact on LMCR maxi num water tenperatures, which
woul d not be expected to exceed 19 °c during the sumrer.

A 57 cms (2,000 cfs? Dwor shak Dam rel ease at 10 °c
woul d provide slight cooling benefits when conpared to the
1989 basel i ne rel ease tenperatures of apprOX|nateIY 12.8 °c
(Figure 12.2). Tenperatures would not substantially differ
fromthat provided by a 12.8 °c rel ease during June and

Sept enber . Durin% July, water tenperatures at the NFCR
confluence woul d be reduced by about 0.5 °c, and between 0.5
to 1.0 °c in August. Water tenperatures at Lewiston woul d
be reduced up to 1.0 °c during July and August.

A 113 cms (4,000 cfs) Dworshak Dam rel ease at baseline
rel ease tenperatures woul d considerably |ower high water
tenperatures in the wMcr during July and August ?Flgure
12.3). Reductions in seasonal peak water tenperature would
be substantially greater under this alternative than that
predicted for a 57 cms (2,000 cfs) release. Water
tenperatures at both the NFCR confluence and at Lewiston
woul d be | ess variable under the 113 cms (4,000 cfs) rel ease
alternative than baseline flow conditions. Wth a 113 cms
(4,000 cfs) discharge alternative at baseline release
temperatures, average daily water tenperatures would not
exceed 17.0 °C at the NFCR confl uence and not exceed 18.5 °c
at Lew ston. Tenperatures in the LMCR woul d not be notably
affected by a 113 cms ?4,000 cfs) release in June due to the
overriding influence of high inflows fromthe upper mainstem
Cearwater Rver during this nonth. Tenperatures in
Septenber woul d increase in relation to existing conditions
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Figure 12.2. Clearwater River water temperatures under Dworshak Reservoir
release of 2,000 cfs, June 1to September 30, 1989.
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at both locations by about 2 °c (Figure 12.3).

A 113 cms (4,000 cfs) Dworshak Damrelease at 7.2 °c
woul d substantially | ower water tenperatures throughout the
entire LMCR during July and August conpared to existing
conditions (Figure 12.3). Under this alternative,
tenperatures in July would range from12 to 15 °c at the
NFCR confluence, and from 15 to 17 °c at Lewiston. In
August, tenperatures would range from11l to 13 °c at the
NFCR confluence, and from 13 to 16 °c at Lewiston. A 113
cms (4,000 cfs) release at 10 °c woul d provi de_temperature
reductions simlar to those predicted under a 7.2 °C refease
except at the NFCR confluence. Tenperatures at the NFCR
confluence  would be from1l to 2 °c higher in July and August
under at a 10 °c release (Figure 12.2). Tenperatures in
July under a 10 °c release ai 113 cms §4,000 cfs) would
range from 15 to 16 °c at the NFCR confluence, and from 15
to 18 °c at Lewiston. Tenperatures in August under this
alternative would range from 11l to 13 °c at the NFCR
confluence, and from I3 to 16 °c at Lewi ston.

Reservoir releases of 170 cms (6,000 cfs) (Figure 12.4)
and 227 cms (8,000 cfs) (F|%ure 12.5) woul d reduce average
daily tenperatures beyond that attained by a 113 cms (4, 000
cfs) release. Increasing flows would greatly reduce
variation in tenperature as well. Under baseline rel ease
tenperature (12.8 °c) and a 170 cms (6,000 cfs) rel ease,
tenperatures in July and August would vary between 12 and 15
°c at the NFCR confluence, and vary between 13 and 17 °c at
Lewiston. A 7.2 °creservoir release at 170 cms (6,000 cfs)
woul d result in tenperatures between 10 and 13 °c at the
NFCR confluence, and 12 and 16 °c at Lewiston (Figure 12.4).
A 10 °c rel ease woul d provide val ues internediate to those
obtained from the baseline and 7.2 °c rel ease tenperatures.
A 227 cms (8,000 cfs) release would result in tenperatures
at the NFCR confluence and Lewiston only slightly |ower (<
0.5 °c) than those attained fromthe 170 cms (6,000 cfs)
rel ease (Figure 12.5).

Under a U.S. Arny Corps of Engineers alternative to
rel ease 283 cms (10,000 cfs) at a baseline release of 12.8
°c from August 7 to 27, tenperatures in the IMCR woul d drop
rapidly from baseline conditions but only durin? this
relatively short period. High tenperatures would persist in
the river during the rest of July and August not wthin the
specified release period (Figure 12.6). Tenperatures would
drop to 14 °c at the NFCR confluence and 15 C at Lewiston
during the 20-day period in August. A 283 (10,000 cfs)_
rel ease at 7.2 °c woul d reduce water tenperatures to 9 C at
the NFCR confluence and 11 °c at Lewiston. Under a 10 °c
rel ease, tenperatures of 12 °c woul d be expected at the NFCR
confluence and 13 °c at Lewiston (Figure 12.6).

130



Baseline Release Temperature

25 .
-2 04
O
@15 AN,
3 g -/ SNV~
8 Y IO A
A o M
g 10
E 4
q) -
o 5
] -~ NF Confluence —— Lewiston
1-Jun [-dul 1 -Aug 1-Sep
25 -7.2” C Release Temperature
__ 20
S
(<) h A
R ZAN\ANg Vo Y
© ]
33_ 10 A LNA o~
£ -
)
F 5
~ee . NF Confluence —— Lewiston
0 i
I
1-Jun 1-Jul 1-Aug 1-Sep
10.0°
o5 : 0.0° C Release Temperature
203
S
® 15 AN\
2 3 RS VAN
[ %W
g W
8 102
£ ]
q) -
- 5'
i ~ NF Confluence —— Lewiston
0+ AALLAL L et atnd |
1-Jun 1-Jul 1-Aug 1-Sep

Figure 12.4. Clear-water River water temperatures under Dworshak
Reservoir release of 6,000 cfs, June 1 to September 30, 1989.
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Reservoir release of 8,000 cfs, June 1 to September 30, 1989.
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Figure 12.6. Clearwater River temperatures under U.S. Army Corps of
Engineers Alternative 24: Dworshak Reservoir release of
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133



The Corps alternative to release 708 cms (25,000 cfs
woul d create even greater tenperature extremes in the L
(Figure 12.7). Under a baseline release tenperature,
average daily water tenperatures at the NFCR confluence
woul d be expected to drop as much as 5 °c, resulting in
average daily tenperatures of about 13 °c. Tenperatures
coul d drop by about 10 °c during the initiation of this
alternative discharge at a reservoir release of 7.2 °c.
Temperatures Woul d drop to 8 °c at the NFCR confluence and
to 9 T at' Lewiston under a 708 cms (25,000 cfs) reservoir
release at 7.2 °c (Figure 12.7).

Novenber 1 throush Decenber 31

~Under 1989 baseline discharge and tenperature rel ease
conditions, tenperatures at the NFCR confl uence ranged from
5to 8 °cin Novenber, and from3 °c to 5 °c in Decenber
(Figure 12.8). Under these sane conditions, water
tenperatures at Lewiston ranged from4 to 9 € in Novenber,
and from3 to 6 °c in Decenber (Figure 12.8). \ater
tenperatures did not change fromthe upper to the | ower
section of the LMCR except during relatively warm
condi ti ons when tenperature increased by as nuch as 1 °c.
During relatively cold conditions, water tenperature
declined by as much as 0.5 °c in the lower river.

The rel ease of 10 °c water fromthe Dworshak Reservoir
under baseline release discharges would result in river
tenﬁeratures at the NFCR confluence which are up to 1 °c
hi gher than those observed under existing conditions (Figure
12.8). Tenperatures at Lewiston would not increase as nuch
because of down-river cooling due to cold climatic
conditions during these nonths.

A release alternative of 113 cms (4,000 cfs) at 7.2 °c,
woul d_provide tenperatures at the NFCR confluence between 5
to 7 "c in Novenber, and from4 to 5 °c in Decenber (Figure
12.9). Water tenperatures at Lewiston would range from5 to
8 °c in Novermber, and from4 to 6 °c in Decenber. This
di scharge rel ease substantially reduced tenperature
variation in both the upper and |lower river during this tine
period over 1989 baseline conditions $F|gure 12.8). A 10 °c
rel ease at 113 cms (4,000 cfs) would further raise
temperatures throughout the entire LMCR over baseline
conditions (Figure 12.9). Tenperatures at the NFCR
confluence woul d range from?7 to 9 °c in Novenber, and from
5to 8 °cin Decenber. Tenperatures at the Lewiston woul d
range from6 to 9 °c in Novenber, and from6 to 7 °cin
Decenber. As noted earlier in this chapter, tenperature
rel eases of 10 °c woul d not be possible after the reservoir
beconmes thermally uniform
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| ncreasing discharge to 170 cms (6,000 cfs) would
further reduce variation in tenperatures (Figure 12.10). At
this discharge, tenperatures between 6 to 8 C-and 4 to 6 °c
could be maintained in the LMCR during Novenber and
Decenmber, respectively. By increasing release temperatures
to 10 °c, tenperatures in the LMCR between 7 and 9 °c woul d
be expected in November, and between 6 and 8 °c in Decenber.

Di scussi on

Under baseline conditions existing fromJune 1 to
Sept enber 30, 1989, water tenperatures in the LMCR mainly
varied according to three factors: 1) neteorol ogica
conditions; 2) flow releases from Dworshak Dam and 3)
i nfl ow tenperature fromthe upper mainstem Cl earwater River.
Met eor ol ogi cal conditions varied considerably during this
period, wth relatively cool conditions occurring in June,
and very hot conditions occurring in August. Releases from
Dwor shak Dam varied, with high rel eases of 255 cms (9, 000
cfs) throughout nost of Septenber, and | ow rel eases of |ess
than 42 ems (1,500 cfs) during several days in August.
Tenperatures in the uEper mainstem Cl earwater R ver were
consi derably higher than those in the LMCR during the
sunmer, ranging in average daily tenperatures from11.0 °c
in early June to 23.5 °c in nmid-August. The highest
tenperatures in the IMCR were observed when hot climatic
conditions coincided wth |ow Dworshak Dam rel eases.

During the sunmer, |ower Dworshak Dam rel eases can
result in increased tenperatures in the LMcr for two
reasons: 1) warnmer upper mainstem Cl earwater River flows
constitute a larger proportion of water in the IMcrR under
| ow reservoir releases; and 2? decreased travel time of
water in the LMCR during low flows provide greater heat
transfer potential fromthe warmer air during hot sunmer
condi tions.

Under a Dworshak Dam rel ease alternative of 57 cms
(2,000 cfs) at baseline conditions (12.8 °c), water
tenperature during nost of the sunmer woul d exceed those
that existed during extrene low flow condition in 1989
Tenperature increases result fromflow rel eases which are
| ower than those that occurred during 1989. This
alternative would only slightly | ower peak summer
tenperature in the LMCR and woul d provide m nimal benefits
to salnmonids. The selective release of cooler waters from
Dwor shak Dam coul d provi de consi derably greater tenperature
benefits to salnmonids in the LMCR under the 57 ems (2, 000
cfs) release scenario, but only if these rel eases were
substantially colder than 12.8 °c.
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A 7.2 °c Dworshak Damrel ease at 1989 baseline
di scharges woul d nainly inprove habitat conditions in the
upper reaches of the LMCR, as average daily water
t emperatures woul d generally not exceed 18 °c. Because of
rapid downriver heating of water during |low flows during the
summer, the |ower end of the LMCR at Lewiston woul d not
recei ve the same cooling effects, however, average daily
wat er tenperatures woul d not be expected to exceed 19 °c
during July and August.

A 113 cms (4,000 cfs) Dworshak Damrelease at 12.8 °c
woul d consi derably reduce highest sumer water tenperatures
in the IMcrR during July and August. Average daily water
tenmperatures in July and August woul d be expected to range
between 15 and 18 °c in the entire IMcr. Benefits to
rearing salmonids are prinmarily attained by reduced peak
water tenperatures during hot sumrer days. These cool er
river tenperatures would fall within the range preferred by
rearing salnonids, unlike those that occurred during 1989

A 113 cms (4,000 cfs) Dworshak Damrel ease at 7.2 °c
woul d substantially reduce water tenperatures throughout the
entire LMCR during July and August. Average daily water
tenperatures in July and August woul d not exceed 15 °c in
t he upper reaches of the mmMcr and not exceed 17 °c in the
| oner reaches of the LMCR At this same discharge at a 10
°c rel ease, tenperatures would range from15 to 16 °cin the
upper river and 15 to 18 °c in the lower river. Under both
tenperature release alternatives, LMCR tenperatures would be
more optimal for rearing sal nonids.

A rel ease of 170 cms (6,000 cfs) and 227 cms (8, 000
cfs) would reduce average daily tenperatures beyond that
attained by a 113 cms ﬁ , 000 cfs) release. These relatively
hi gh reservoir flow rel eases woul d greatly reduce daily
variation in river tenperature and be even nore in the range
of optimal tenperatures for rearing sal nonids.

Under the proposed U S. Arny Corps of Engineers
alternative to rel ease 283 cms (10,000 cfs) from August 7 to
27, tenperatures in the LMCR would drop rapidly from 1989
baseline conditions. Under this alternative, sudden
reductions in water tenﬁerature of up to 10 € woul d occur
in the tMcr. Thermal shock to fish would be possible under
t hese conditions and could adversely result in reduced

rowh rates. Tenperatures would remain high in the LMCR
uring hot summer days before and after the proposed rel ease
period. Consequently, the relatively short period of this
alternative would not benefit salnonids to the extent

provi ded by a nore continuous and reduced di scharge
alternative. The proposed rel ease of 708 cms (25,000 cfs)
from August 7 to 22 would pose even greater tenperature
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problems to salnonids in addition to reducing habitat area
for fry and juveniles (Chapter 10).

For the period of Novenber 1 to Decenber 31, al
rel ease tenperatures and di scharges nodel ed may not be
possible during this entire period, depending on Dworshak
Reservoir pool levels and tenperatures. Water tenperatures
i n Dwor shak Reservoir tyBécaI y beconme vertically uniform
during late Novenber to Decenber. Early seasonal m xing of
thermally stratified waters in the reservoir would limt
benefits in advancing the incubation timng of fall chinook
Benefits to incubating fall chinook for all alternatives
nodel ed are discussed in Chapter 3.

Concl usi ons

Results of tenperature nodeling indicate that Dworshak
Reservoir can be used to inﬁrove tenperature conditions for
salnonids in the Mcr. Hi gh water tenperatures present
occurring during low flow periods during the sunmer in the
IMCR can be effectively reduced by rel easing higher flows or
by selecting lower release tenperatures from Daworshak Dam
A 57 cms (2,000 cfs) release of 7.2 °c water fromthe dam
woul d substantially benefit sal nonids by reducing summer
water tenperatures to nore optimal |evels for growth. At
t he Fresent time, however, a 7.2 °c rel ease would reduce
steel head trout growth at Dworshak National Fish Hatchery
whi ch takes water direcﬂkg fromthe North Fork C ear-water
River (Wlliam Ml ler, FWS personal communication).

Consi derabl e benefits to rearing sal nonids on the LMCR coul d
be obtained by a 113 cms (4,000 cfs) release of 10 °c or
12.8 °c water.” A release of higher discharges at these
tenperature alternatives would provide only slightly

i ncreased benefits to salnonids. As warm as possible
tenmperature rel eases in Novenber and Decenmber may advance
fall chinook emergence in the LMCR and thus snolt timng to
more favorable early sumer flow and tenperature conditions.
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CHAPTER 13
CONCLUSI ONS AND RECOMVENDATI ONS

The success of augnenting chinook sal mon Oncorhynchus
t shawyt scha natural reproduction in the lower 61 km of the
| oner mainstem Cl earwater River (LMCR) will depend on a
nunber of variables which are outlined in this study. W
st udi ed chi nook sal non spawni ng, incubation, and rearing
potential of the LMCR and nodel ed habitat conditions for al
l'ife stages and considered alternative discharge and
tenperature release strategies from Dworshak Dam W al so
consi dered rainbow/steelhead trout 0. mykiss habit at
conditions in these alternative releases.

The physical habitat for either summer or fall chinook
sal non spawning in the McrR was found to be excellent in
both quality and quantity. Arnoring of the main channe
caused by controlled flow rel eases at Dworshak Dam may
decrease the usability of sPamning substrate in certain
areas. Analysis of critical shear stress val ues using
Shields criterion indicated that nost spawni ng substrate
particles would not nove until relatively high discharges in
the LMCR are reached (Appendix F). Hi gh spring discharges
of 50,000 cfs and greater naK pronote spawni ng substrate
nmovenment and redd scouring thereby decreasing chinook sal non
i ncubating success. However, incubating success of chinook
sal nron woul d be expected high based on the relatively | ow
intrusion of fines into redds over incubation and favorable
E&ggtrate tenperature and oxygen conditions found in the

Based on the incubation timng results, either upEer
Col unbi a River (UCR) summer or Snake River fall chinoo

sal non woul d be conpatible stocks for the LMCR. Energence
at the beginning of May for UCR sunmmer chinook and the third
week in May for Snake River fall chinook would be nore
conduci ve to higher survival than m d-w nter energence of
South Fork Salnmon River summers. Both the UCR summer and
the Snake River fall chinook outm grate as subyearlings,
however the UCR summers may have an advantage of earlier
energence timng. The Snake River fall chinook nmay snolt
and outmgrate during unfavorable |ow flow and tenperature
conditions in July and August. However, given alternative
flow and tenperature rel eases from Dworshak Dam incubation
and outmgrating conditions may be inproved in the LMCR.
Addi tional research is needed on growmh rates and
outmgration timng of fall chinook salnmon in the LMCR

Because limted fall chinook spawni ng has been o
docunented in the LMCR in recent years and because declining
nunbers in lIdaho has caused this stock to be proposed as
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t hreatened or endangered by the Federal Endangered Species
Act of 1973, the Snake River fall chinook sal mon should be
considered a prine candidate for natural reproduction
devel opnent in the LMCR

Habi tat Area (HA? val ues versus flow rel ati onshi ps
devel oped for the Potlatch, Bedrock, and Big Canyon segments
of the LMCR were evaluated to identify the optiml flow and
temperature regime for target species and |life stages.
Optimal flows were defined as those resulting in the
greatest HA value achieved in the HA versus discharge
relationships. Optimal flows for maximum habitat were
designated irrespective of flow availability or Dworshak Dam
operating criteria. Optimal discharges were identified on a
mont h-t o-nonth basis for target species and |ife stages
currently present in the river, or potentially present as a
result of enhancement or supplenentation efforts. Chinook
sal non spawni ng had a maxi rum HA val ue of 207 ha at 85 cms
(3,000 cts); chinook sal nmon and steel head trout hol di ng had
a maxi mum HA val ue of 236 ha at 453 cms (16,000 cfs);
chi nook sal non guveniles had a maxi num HA val ue of 58 ha at
85 cms &3,000 cfs); chinook salnmon fry had a maxi mum HA
value of 2.5 ha at 85 cms (3,000 cfs); rainbow steel head
trout juveniles had a maxi num HA value of 76 ha at 85 cms
(3,000 cfs); and rai nbow steel head trout fry had a maxi mum
HA val ue of 26 ha at 85 cms (3,000 cfs).

FI ow recommendat i ons based upon the above criteria
al one woul d be inadequate for four reasons. First, life
stages of chinook sal non and steel head trout |ife stages
have di fferent maxi num habit at dischargﬁ val ues but would
occupy the LMCR at simlar times (see Chapter 10, Figure
10.24).  For exanpl e, sPring chi nook staging occurs during
the same nonths as steelhead trout fry and juvenile rearing.
Al'so, steelhead trout staging occurs at the same tine as
steel head trout fry and juvenile rearing, spring chinook
salmon fry rearing, and fall chinook sal non spawning
Consequently, flow recomrendations are nore effectively
devel oped on a nonth-to-nonth basis to optimze habitat for
all target species and their critical life stages. Second,
fl ows recommendations must be based upon inportant
bi ol ogical criteria not analyzed in this study, including
i ncubation flows for chinook salnon from Novenber to April
and smolt outmgration flows for salnon and steel head trout
in My and June. Third, flows should not affect other
ongoi ng fisheries such as the growh of steel head trout at
Dwor shak National Fish Hatchery which receives water
directly bel ow Dworshak Dam fromthe North Fork C earwater
River. Finally, flows should be attainable with respect to
the operation of Dworshak Dam and with regard to patterns
of unregulated inflow fromthe upper mainstem Cl earwater
River tributaries.
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~ Potential Dworshak Damrel ease alternatives for fish
habi t at enhancenent were eval uated using a reservoir rel ease
model . This nodel was devel oped to assess the feasibility
of flow release alternatives for Dworshak Dam A conputer
programwas Wwitten to calculate the total reservoir storage
volune required on both a nonthly and yearly basis to neet
alternative instream flows in the tMcrR. This programfirst
read daily discharge records fromthe u?per mainstem river
(Oofino gaging station) to determne if natural inflows
fromthe upper river were sufficient to nmeet m ni num
instream flow requirenents in the lower river. Gven that
flows were insufficient to nmeet an instream flow target in
t he 1Mcr, the volune of water from Dworshak Reservoir needed
to nmake up the difference was calculated. This vol unme of
water was converted into units of acre-feet, and accrued on
a nonthly and yearly basis. This analysis was carried out
on the 25 year period of record available fromthe O ofino
gaging station which started nmeasuring flows in 1965.

M ni num instream flows from 28 cms to 283 cms (1,000 to
10, 000 cfs) were evaluated using this approach. The
feasibility of alternative flow rel eases was determ ned on a
yearly basis, and was based upon 700,000 acre-ft of storage
avai | able in Dworshak Reservoir at the end of each sumer.
This volume of water is presently released fromthe _
reservoir during the nonth of Septenber to | ower reservoir
pool elevations for required flood protection. Alternative
flow rel eases to neet mnimum instream flows in the LMCR
were regarded as attainable if total volumes of water
rel eased for this purpose durln% the nonths of July, August,
and Septenber did not exceed 700,000 acre-ft.

The reservoir release nodel indicated that a 198 cms
(7,000 cfs) mninmum flow for July 1 to Septenmber 30 would
provi de the approxi nate break-even point above which the
700, 000 acre-ft storage in Dworshak Reservoir coul d not
sustain (Figure 13.1). Further analysis indicated that this
| evel of storage could provide mninum flows of 28 to 142
cms (1,000 cfs to 5,000 cfs) for all 25 years for which the
model was run (Figure 13.2). A 170 cms (6,000 cfs) _

di scharge could be attained fromthis anmount of reservoir
storage in only 21 of 25 years. The number of years which
coul d sustain high m nimum di scharges dropped progressively
to 255 cms (9,000 cfs), which only 1 year in 25 could be
provided for by reservoir storage.
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Figure 13.1. Average Dworshak reservoir storage required to meet minimum
flows in the lower mainstem Clearwater River from July 1 to
September 30, 1965-1 989.
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Figure 13.2. Number of years in which July 1 to September 30 minimum
flows are attainable from 700,000 acre-ft storage in Dworshak
Reservoir (based on discharge records from 1965 to 1989).
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| n consi deration of Dworshak Dam and Dworshak Nati onal
Fi sh Hatchery operations and unregul ated ianOM/Fatterns
fromthe upper mainstem Cl earwater River, the follow ng LMCR
t ot al steadﬁ-state di scharges at the Spal ding Gaging Station
and Dworshak Reservoir tenperature rel eases woul d provide
optimal habitat for critical target species and their life
stages in the LMCR

1) 142 cms (5,000 cfs) fromJuly 1 through August 31
for spring chinook salnon adult holding and juvenile
rearing, all chinook rearing, and rainbow/steelhead
trout rearing;

2) A Dworshak Reservoir release of 10 °c (50 °F) water
fromJuly 1 through Septenber 15 for rearing
salmnids. A 7.2 °c (45 °c) rel ease woul d be
opti mal provided a Daorshak Reservoir water supply
Is available to Dworshak National Fish Hatchery:

3) 142 cms (5,000 cfs) from Septenber 1 through Cctober
31 for rainbow/steelhead trout rearing and adult
steel head trout and fall chinook holding;

4) 142 cms (5,000 cfs) from Novenber 1 through Decenber
15 for fall chinook spawning and rai nbow steel head
trout rearing and adult steel head trout holding;

5 A Dworshak Reservoir release of the warmest water
possi bl e from Novenber 1 through Decenber 31 for
fall chinook salnon incubation:

6) flows from Decenber 15 through ril 31 be
mai nt ai ned at nmaxi num sustai ned fl ows that existed
during fall chinook spawni ng (Novenber 1 through
Decenmper 15) for fall chinook incubation; and

7) higher flows that naturally occur in the LMCR during

May and June woul d be required for steel head trout
and spring chinook salmn snmolt outmgration
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APPENDI X A
DI RECT OBSERVATI ON

Table a.1. Description of habitat types used to classify and
identify the typical hydraulic and norphol ogic
characteristics of the | ower mainstem Cl earwat er
Ri ver, |daho.

Habi tat types Description

Run Snooth hydraulics, |ow gradient, no
channel scour, depth between 2 and
S5 nmeters

Rapid run Standi ng waves, higher gradient, no
channel scour, depth between 2 and
S5 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

Side channel Secondary channel in islanded areas

Intermttent Secondary channel in islanded areas

si de channel whi ch dry up periodically
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APPENDI X A (conti nued)

Table A 2. Habitat type area for study sites within the
Potl atch, Bedrock Creek, and Big Canyon segnents
of the |lower mainstem Cl earwater River, |daho

Site' Habitat type Ar ea Site area
(HA) (HA)

PL Run 49.8 91.0

PL Side channel riffle 17.4

PL Deep run 16. 4

PL Intermttent side 7.4

channel

BDR Deep run 31.8 90.8

BDR Run 17.6

BDR I nside bend run 11.6

BDR Qutside bend run 10. 4

BDR Side channel riffle 7.7

BDR Rapid run 5.8

BDR Rapid riffle 3.2

BDR Intermttent side 2.7

channel

BGC Rapid riffle 23.0 60. 2

BGC I nsi de bend pool 14.2

BGC Pool 13. 4

BGC Qut si de bend pool 9.6

NF Rapid riffle 14. 6 27.7

NF Pool 10.9

NF Rapid run 2.2

® Habitat area cal cul ated by conbining upper and | ower

Potlatch R ver site area.
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APPENDI X A (conti nued)

Table A 3. Lane assignnents, length, and total conbined
| engths by site and habitat type for the Potlatch
River, Bedrock Creek, and North Fork segnments,
| ower mainstem Cl earwater River, |daho.

Per cent Lane Tot al
_ _ of habitat | ength  conbined
Site Habitat type conposition (m | ength
at the site (m)
PL Run 55 366 669
PL Side channel riffle 19 128
PL Deep run 18 121
PL Intermttent side 8 54
channel
BDR Deep run 35 234 667
BDR Run 19 129
BDR I nside bend run 13 85
BDR Qutside bend run 11 76
BDR Side channel riffle 8 57
BDR Rapid run 6 42
BDR Rapid riffle 4 24
BDR Intermttent 3 20
si de channel
BGC Rapid riffle 38 168 440
BGC I nsi de bend pool 24 104
BGC Pool 22 98
BGC Qut si de bend pool 16 70
NF Rapid riffle 52 106 186
NF Pool 39 80
NF Rapid run 8
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Figure A. 1.

Scale in meters (approx)
500 0 500

Assignment of direct observation lanes ( Il ) in relationt 0 hydraulic cross-
sections (1 -—) within the Potlatch River Site of the Potlatch River Segment
lower mainstem (Clearwater River (LMCR) project area.
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Figure A.2.

Scale in meters (approx)

500 0 500
L ——

Assignment of direct observation lanes ( Il ) in relation to hydraulic cross-
sections ( —within the Bedrock Creck Site of the Bedrock Creel; Segment,
lower mainstem Clearwater River (LMCR) project area.
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Scale in met ers (approx)
500

S —

Figure A.3. Assignment of direct observation lanes (Illl) in relation to hydraulic cross-sections
(——) within the Big Canyon Creek Section of the North Fork Creek Segment, lower
mainstem C1learwater River (LMCR) project area.
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Scale in meters (approx)
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Figure A.4. Assignment of direct observation lanes (Il ) in relation to hydraulic cross-sections

(+—) within the North Fork Site of the North Fork Creek Segment, lower mainstem
Clearwater River (LMCR | project area.



APPENDI X B
HYDRAULI C MODEL CALI BRATI ON

Final calibration procedures for the |ower mainstem
Clearwater River (LMCR) IFXA hydraulic nodel involved three
st eps. First, the initial IF&4 data set (Data Set 1)
described in the 1989 Annual Report (Connor et al. 1990) was
revised to produce an internediate calibration data set
(Data Set 2) which incorporated corrections in water surface
el evations and di scharges. Second, the nodeling procedure
used in IFG4 to describe the stage-discharge relationship at
each transect was revi ewed. Since the default |og-1linear
relationship provided a bad fit for the stage-discharge
relationship, a linear interpolation procedure was devel oped
for this purpose. Finally, edge roughness problens were
identified by review ng output fromthe Data Set 2.

Roughness values were nodified on a cell by cell basis to
provide a nore realistic sinulation of velocities in
overbank areas at higher flows. Modi fications to the

st age-di scharge nodel and in cell roughness values were
incorporated in a final set of IFG4 calibration data files
(Data Set 3).

This deck was then reviewed to determne if water
surface elevation and velocity distribution predictions were
realistic over the entire range of discharges neasured on
the tMcr. A final production data deck was then produced by
turning off the diagnostic output options on Data Set 3, and
by specifying a range of sinulation discharges to be
nmodel ed. A BASIC conputer program was witten to provide
the water surface elevations, based upon a |inear
interpol ation technique, for each simulation discharge.

Calibration Data Set 1

Data Set 1 contained uncalibrated |F&4 data files which

were used to check for data entry errors. It also provided
hydraulic geometry information used to predict flow
apportionment anong islands using Manning' s equation. | FG4

data files were first checked for data entry errors using

t he program CK14. Qutput from this program provides a
conveni ent nmethod for checking distance, depth, substrate,
and velocity input values contained in IF&4 data files.

Data file input values were conpared to those entered in
field notebooks (distance, substrate), as well as those

cal cul ated by a spreadsheet program prior to file assenbly
(el evation, reach gradient, stage of zero flow, nean colum
vel ocity). This program al so checks for file format errors,
an inportant consideration because IFG4 data files have a
very rigid FORTRAN file structure which is very susceptible
to mistakes in data entry.
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APPENDI X B (conti nued)

After checking and correcting data entry and file
format errors, the IFG4 data files were run through the
hydraulic review program REV14. This program was initially
used to provide hydraulic geometry neasures at islanded
transect sites which would latter be used to calculate
partial dischar?es using Manning's equation. Hydraulic
geonetry vari abl es obtained from REV14 out put included
Manning's N (cal cul ated fromthe REV14 "conveyance factor")
and the hydraulic radius for each of 6 water surface
el evations neasured on the LMCR

Data Set 1 files were finally run through IF& to
identify input data errors not recognized by the CKl4 and
REV14 programs. Two nmmjor data errors were identified with
| FG4:  out-of -sequence transect verticals; and water surface
el evati ons exceedi ng headpin and tailpin el evation (transect
end) neasurements. Qut-of-sequence transect verticals were
corrected by sorting raw data files, and then generating new
| FG4 data files with I4TEXT. Bed elevations were
extrapol ated beyond the headpin and tailpin | ocation along a
transect when water surface el evations exceeded headpin and
tailpin el evations. A spreadsheet program was used to
extrapol ate bed elevations when required. A |inear
extrapol ation formula, based upon the slope of the previous
transect bed elevations, was used for this purpose, and is
defined as follows:

Elev3 = Elev2 + ((Dist3 - Dist2) * (Elev2 -~ Elevl) /
(Dist2 - Distl))

wher e: El ev3

extrapol ated bed el evation past
transect end

Dist3 = transect distance where bed el evation
I's extrapol at ed

El ev2 = last neasured bed elevation along a
transect

Dist2 = transect distance at Elev2

El evl = neasured bed el evation i mediately
precedi ng Elev2

Distl = transect distance at El evl

Extrapol ated bed el evations were added to transect
spreadsheet files when necessary. Input data for

probl ematic transects in [F& Data Set 1 were then repl aced
with nodified transect data. Once corrected for data input
and bed elevation errors, the revised |FG Data Set 1 was
renamed IFG4 Data Set 2.
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APPENDI X B (conti nued)
Calibration Data Set 2

~Two major calibration problens where identified in
running Data Set 2 through the hydraulic review program
REV14, and through the hydraulic sinulation program |F&.
The first probleminvolved flow apportionment anong nul tiple
channel s at islanded study sites In the Bedrock and potlatch
segnents. This problemwas identified early in the review
process from unusual 'y high conveyance factor val ues
calculated in REV14 for low flows. More inportantIY,
velocities predicted at | ow discharges, approximately 100
cms (3,530 cfs), by IFA for certain island side channe
transects were unrealistically high. Predicted velocity
val ues exceeding 3 m's (10 ft/secg at low calibration
di scharges indicated a severe overestimtion of side channel
di scharge. The nost IlkeIY cause of discharge
overestimation was the failure of the Manning' s equation
met hod to predict partial channel discharges for total river
di scharges | ess than 340 cms (12,000 cfs). Failure of this
met hod was attributed to rapid and unpredictable changes in
channel gradient at ow flows at islanded transect sites.
Channel gradient, or slope, is one of three input variable
used in Manning's equation to predict discharge. Changes in
channel slope were caused by |ocalized deviations in the
| ongi tudinal profile of the channel corresponding to water
surface el evation changes between riffles and pools. At
di scharges hi gher than 340 cms (12,000 cfs), channel
gradient along a given reach approached a uniform condition
apd was no | onger influenced by |ocalized changes in channel
el evation.

The second probleminvolved the interpolation of water
surface elevations at instream flow transect |ocations.
Water surface elevations for transects were calculated from
wat er surface el evation neasurenents obtained at rebar
pl aced at water's edge upstream and downstream from each
transect. This method was based uPon channel gradi ent
cal cul ati ons obtained fromrebar placed along the river at
each of 6 calibration discharges. This problemwas nost
pronounced for transects located a relatively large distance
(> 300 m) from adjacent water surface el evation rebar.
Errors in interpolating water surface el evations were
attributed to | ocal breaks in the water surface slope
between rebar |ocations, and were nost evident at steep
riffles. The linear interpolation method assumes a uniform
wat er surface slope between adjacent upstream and downstream
rebar |ocations.

The interpolation error for each transect was
cal cul ated by subtracting a known water surface el evation
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APPENDI X B (conti nued)

measured at the transect fromthe water surface el evation

Eredicted by interpolation at the same discharge. This
nown water surface elevation was obtained from survey

measurenments obtained during the velocity calibration

di scharge (approximately 340 ems or 12,000 cfs).

| nterpol ation error values were then added to each of
six water surface elevations previously calculated at each
transect to obtain corrected values. Transect water surface
el evations in Data Set 2 files were replaced with corrected
values using a text editor. These adjusted water surface
el evation val ues were also enployed in both Data Set 3 and
the Production Data Set.

An addi tional interpolation Eéoblen1mas revealed at a
few transects after running |F& Data Set 2 through the
REV14 and |F&. Unusual ly high channel conveyance factor

val ues and unrealistically high velocities were predicted at
these transects at low flows, indicating that water surface
el evations had been underestimated. This error was observed
at three transect sites: Lower Potlatch Transect 13 and 16,
and Bedrock Transect 6. These problem transects were all

| ocated within riffles which were |ocated a substantial

di stance (> 500 nm) from adjoining water surface elevation
rebar. Errors at these transects were apparently the result
of high bed elevations occurring between rebar [ocations. A
wat er surface el evation nodel ing program MANSQ was used to
provi de better estinmations of water surface elevations at
these three transects for low flow conditions. MANSQ
provides water surface elevations estimates for specified

di scharges using Manning's equation. These inproved water
surface el evation estimates were then placed in Calibration
Data Set 2 with a text editor, and used in all subsequent
data sets.

Data Set 2 represents an internmediate set of files
whi ch were used to identify the best conbination of
hydraulic nodeling options to be incorporated in |FGA
modeling runs. W assunmed that the best conbination of
options would be that which nost realistically predicted
wat er surface elevations and velocities at transect sites
for discharges ranging from85 to 1,416 ecms (3,000 to 50, 000
cfs). This range of discharges reBresents the range of
values in the LMCR from which calibration stage neasurenments
wer e obtai ned.

~Calibration Data Set 2 enployed |IF& input-output (10C
settings which specified the use of a |og-Ilinear
stage-di scharge regression to predict water surface
elevations for sinulation discharges (Table B.l). The use
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TableB. 1. IFG4 Input-Output settings employed in Calibration Data Set 2 for lower
mainstem Cleat-water River.

OPTION STATEF RFSUIT

1
2 | WSL and velocity calculation details printed in IFG4 output
1 Calibration details printed in IFG4 output

3 0 Line printer graphics not printed (REV 14 used instead for this

purpose)

4 0 Additional line printer graphics not printed (REV 14 used instead)

5 1 Stage-discharge relationship determined from discharges provided

on CAL lines, and not from transect discharge calculations. Log-
linear regression relationship used to predict stage for QARD
discharges.

6 0 Option turned off; applies to multiple velocity calibration sets only

7 0 Use stage of zero flow provided in input deck

8 0 Turned off, since Option 5 = 1.

9 0 Option turned off; applies to multiple velocity calibration sets only
10 0 Option turned off; applies to multiple velocity calibration sets only
11 0 Adjust simulated velocities with velocity adjustment factor (VAF)
12 0 N (roughness) calculated for dry cells when not provided in input

deck
13 1 Print VAF summary plot
0 Option turned off; applies to multiple velocity calibration sets only
18 0 BMAX or BMIN not used to limit N (roughness) values
16 0 Roughness not adjusted according to depth
0 TAPE4 written in HABTAT format
19 0 Option not implemented by NERC
20 01 Print CALQ table in IFG4 output
Width multiplier not applied to transect verticals (river width < 1000
ft)
21 0 Option not yet implemented by NERC
22 0 IFG4 run aborted if velocity -discharge regression exponent
exceeds 3.0
23 0 Option turned off; applies to multiple velocity calibration sets only

of this regression relationship is specified setting option
5 to 1, and option 8 to O. I nput - out put options in this
data set also specified for lengthy |line printer output
containing water surface elevation and velocity
calculations, as well as other calibration details. out put
of velocity adjustnent factor (VAF) plots and discharge
calibration (CALQ tables was specified in 10C settings.

Cal cul ated roughness (N) values were not nodified in
this data set, since an initial review of calculated
roughness val ues should precede the nodification of these
val ues. Roughness val ues should be nodified when cell
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velocity predictions are unrealistically high or low This
frequently occurs along the edges of the channel, especially
for transect verticals which are dry during calibration
velocity measurenents. Underestimation of channel margin
velocities often results in a severe overestination of
velocities in the center of the channel

Review of hydraulic geometry calculations in REV14
output, and velocity predictions in |FG output, indicated
that data input errors had been corrected in Data Set 2.

Not abl y, values for wdth, depth, hydraulic radius, and
conveyance factor changed in a predictable manner over the
full range of calibration discharges. Mre inportantly,
velocity predictions in IFG4 nodeling runs were realistic
over the entire range of calibration discharges. However

i nspection of REV14 output did indicate unusually high edge
roughness val ues for many transects at di scharges exceedi ng
the velocity calibration discharge of 323 ems (11,400 cfs).

St age-di scharge calibration details in | F&4 out put
reveal ed an inportant nodeling problem  Specifically, the
| og-linear regression provided a relatively poor fit to the
stage-di scharge curve. Predicted discharge values from
specified water surface el evations overestimted or
underestimated di scharges by as much as 25 percent from
observed values. This relationship was also reviewed with a
m croconputer statistics program which also suggested a
relatively poor fit of the regression |og-linear nodel to
observed stage-discharge data. A poor fit was indicated by
unusual |y low regression R-square values. Stage-discharge
regressi on ﬁlots produced by this statistics program
di scl osed that the |og-linear nodel poorly estimted stage
val ues at | ow and hi gh discharges for sone transects, and at
i ntermedi ate discharges for other transects.

Data Set 3

Data Set 3 was the final calibration set used to node
hydraulic conditions for Cearwater River study sites. The
hydraul i c nodeling options applied to Data Set 3 were the
sane as Data Set 2 with two inportant exceptions. First, a
| i near |nterﬁolat|on met hod enploylng nmeasured data was used
instead of the default |og-linear nodel to predict water
surface elevations from simulation discharges. Second,
roughness val ues were entered into the IFG data files on a
cell by cell basis when appropriate to provide a nore
realistic estimate of channel velocities.

~ Water surface elevations were estimated for sinulation
di scharges using a linear interpolation method based upon
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measured stage-discharge pairs. A conputer program was
witten for this purpose, and was very sinmlar fo that used
to predict partial discharges fromtotal river discharges at
islanded sites. The programfirst reads stage-discharge
pairs nmeasured at calibration discharges on the river

Di scharges for which water surface elevations are required
are then read fromthis same file. \Water surface elevations
are then calculated for specified discharges, and are based
upon linear interpolation between neasured stage-di scharge
pairs. Predicted water surface elevations are then witten
to an output file. This program enploys the foll ow ng
l'inear interpolation formula:

WSL = sTGcl + ((ST& - STG1l) * (QARD - Q1) / (Q2- Q1))

Were: WSL = water surface elevation to be cal cul ated
QARD = sinulation discharge provided on QARD
l'ine
STG1 = stage neasurenent |ess than WSE

Q1 = di schar ge corresponding to STG1
ST& = stage elevation greater than WSE
Q2 = discharge corresponding to ST&

Water surface elevations provided fromthis program

were then entered into Data Set 3 files using WSL |ines.
For each sinulation discharge entered on a QARD line in |F4
data files, a corresponding water surface el evation val ue
was entered on a WL |line. QARD and WAL |ines were added to
each Data Set 3 file using the PHABSIMfile nodification
Progran1wsm14n. Water surface el evations provided on W5L

ines were used for hydraulic calculations by setting Option
5to 0, and option 8 to 1 (Table B.2). This conbination of
options specifies the use of given water surface elevations,
instead of those predicted from a |og-linear stage-discharge
regression, in all hydraulic calculations.

In its default setting, |FG4 carries the value of the

last wetted cell in a transect over to all dry cells for
sinmul ation di scharges exceeding the velocity calibration
discharge. If the last wetted cell has a high val ue

unrealistically low velocity predictions will occur at
channel margins. To provide a nore realistic simulation of
vel ocities at higher discharges, roughness val ues were
entered into |F&4 data files for cells which were dry, or
whi ch had an unusual |y high or [ ow cal cul ated roughness
value. The roughness value entered for a given cell was
cal cul ated by averaging the values calculated by I F&XA for
the previous four wetted cells. For estimating roughness
values for dry cells, we assuned that an average of channe
roughness val ues provided a better sinulation of channel
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Table B.2. IFG4 Input-Output settings employed in Calibration Data Set 3 for lower
mainstem Clearwater River.

OPTION STATE RESULT

1 1 WSL and velocity calculation details printed in IFG4 output

2 1 Calibration details printed in IFG4 output

3 0 Line printer graphics not printed (REV 14 used instead for this

purpose)

4 0 Additional line printer graphics not printed (REV 14 used instead)

5 0 Log-linear regression relationship not used to predict stage for

QARD discharges.

6 0 Option turned off; applies to multiple velocity calibration sets only

7 0 Use stage of zero flow provided in input deck

8 1 Use water surface elevations provided on WSL lines for each QARD

discharge. Default log-linear stage-discharge regression calculations
overridden.

9 0 Option turned off; applies to multiple velocity calibration sets only
10 0 Option turned off; applies to multiple velocity calibration sets only
11 0 Adjust simulated velocities with velocity adjustment factor (VAF)

12 2 N (roughness) supplied in IFG4 in data deck for certain cellson NS
lines

13 1 Print VAF summary plot

14 0 Option turned off; applies to multiple velocity calibration sets only

15 0 BMAX or BMIN not used to limit N (roughness) values

16 0 Roughness not adjusted according to depth

17 0 TARE4 written in HABTAT format

18 0 Option not implemented by NERC

19 1 Print CALQ table in IFG4 output

20 0 Width multiplier not applied to transect verticals (river width < 1000
ft)

0 Option not yet implemented by NERC

2P 0 IFG4 run aborted if velocity -discharge regression exponent
exceeds 3.0

23 0 Option turned off; applies to multiple velocity calibration sets only

margin velocities than that provided by a single wetted
cell. This approach was substantiated by the observation
that the last wetted cell wusually had a relatively |ow

vel ocity, and corresponding high roughness val ue, conpared
to adjacent wetted cells. Entered roughness values were
used in hydraulic calculations by setting input-output
option 12 to 2 (Table B.2).
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Production Data Set

Production |F4 data files were created by nodifying
Calibration Data Set 3. Sinulation discharges ranging from
85 to 1,416 cms (3,000 to 50,000 cfs) were entered on RD
lines in IF&4 data files for single channel reaches. rom
3,000 cfs to 10,000 cfs, sinulations discharges were entered
in increments of 1,000 cfs. For discharges exceeding 10,000
cfs, sinulations discharges were entered in increments of
2,000 cfs. A smaller increment was used for | ower
di scharges to better define the hydraulic response of study
transects to low flow conditions. For side channel data
files devel oped for islanded sites, partial discharges were
entered on QARD lines instead of total river discharges.

The sanme hydraulic nodeling options used in Data Set 3

were applied to the Production Data Set. However, options
pFOVIdIn? for output of length calibration details were
turned off in the production run. [|nput-output options

enpl oyed in final production IF4 runs are listed in Table
B. 3 As with Data Set 3, water surface el evations for

simul ation discharges were estimated with a |inear
interpolation method. Water surface el evations were entered
on WL lines of IF4 data files.

Transect and Reach Wi ghting

Transect reach length and wei ghting val ues enpl oyed in
production data files were based upon a conbination o
several methods, but fundanentally followed the "habitat
mappi ng" method (Bovee 1986). The habitat mapping nmethod is
based upon first identifying habitat types (i.e. riffles,
runs, pools) within a given river or stream segnent, and
then neasuring the length or area of river provided bY each
habi t at tgpe within the segnment. The latter is usually
acconplished by measuring habitat lengths with a map wheel
or habitat areas with a planinmeter from aerial photographs.
Aerial photographs of the LMCR (scale 1:10,000) were
acquired for this purpose. The |lengths or areas neasured
were then summed to determine the proportion of stream or
river provided by each habitat type. Resulting habitat type
proportion values were then assigned to transects in IFG4
data files representing the sane habitat type. |F&4 data
files require two input paraneters which are used to
cal culate the weighting assigned to each transect: _
downstream | ength and upstream weighting. Wth the habitat
mappi ng method, all transects are assigned an upstream
melahtlng value of 1. The downstream |l ength assigned to
each transect is based upon the proportion of habitat
represented by the transect in the stream or river segnent.
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Table B.3. IFG4 Input-Output settings employed in Production Data Set for lower
mainstem Clear-water River.

OPTION STATE RESUILT

1 0 WSL andvelocitycalculationdet ai | s not pri nt edi n IFG4 output
2 0 Calibration details not printed in IFG4 output
3 0 Line printer graphics not printed (REV 14 used instead for this
purpose)
4 0 Additional line printer graphics not printed (REVI4 used instead)
5 0 Log-linear regression relationshipnot used to predict stage for
QARD
discharges.
6 0 Option turned off; applies to multiple velocity calibration sets only
7 0 Use stage of zero flow provided in input deck
8 1 Use water surface elevations provided on WSL lines for each QARD
discharge. Default log-linear stage-discharge regression calculations
overridden.
9 0 Option turned off; applies to multiple velocity calibration sets only
0 Option turned off; applies to multiple velocity calibration sets only
10 0 Adjust simulated velocities with velocity adjustment factor (VAF)
12 2 N (roughness) supplied in IFG4 in data deck for certain cellson NS
lines
13 0 VAF summary plot not printed
14 0 Option turned off; applies to multiple velocity calibration sets only
15 0 BMAX or BMIN not used to limit N (roughness) values
16 0 Roughness not adjusted according to depth
0 TAPE4 written in HABTAT format
13 0 Option not implemented by NERC
19 0 CALQ table not printed in IFG4 output
20 0 Width multiplier not applied to transect verticals (river width ¢ 1000
ft)
0 Option not yet implemented by NERC
22 0 IFG4 run aborted if velocity -discharge regression exponent
exceeds 3.0
23 0 Option turned off; applies to multiple velocity calibration sets only

The length value assigned to the transect is based upon a
total segment |ength which has been scal ed by convention to
1,000 ft. For example, if riffles account for 33 percent of
the habitat in a segment, than a single transect crossing a
riffle would be assigned a length of 333 ft (i.e. 33 percent
of 1,000 ft). I f more than one transect represents a given
habitat type, then the total length assigned to the habitat
type is divided equally anmong the transects (e.g. three
riffle transects in this exanple would each be assigned a
value of 111 ft to total 333 ft).
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The habitat mappi ng approach was originally devel oped
to nore accurately reﬁresent the habitat of an entire stream
or river segment (Mrhardt 1983). However, this approach
beconmes nuch nore conpl ex when applied to multiple channel
situations. The habitat mappi ng approach works well in
singl e channel situations because all transects in a_se?nent
can be included in the sane 1FG4 data file. The habita
mappi ng approach cannot be directl* applied to nmultiple
channel situations (Bovee 1986). his is a consequence of
transect wei ghting val ues which cannot be held in correct
proportion to one another when multiple channel conditions
require the use of two or nore |FG4 data files in a segnent.

~In order to apply the habitat mapping approach to
mul tiple channel situations, we devel oped a stratified
naPplng procedure which involved two | evels of habitat
delineation. The first level of nappinﬂ applied to
i ndi vi dual channels within a multiple channel conplex. Each
channel was essentially regarded as an entire stream or
segnent in this situation: transects |ocated wthin each
channel were assigned | ength val ues based upon the
proportion of habitat tyﬁes nmeasured only within that
channel . This level of habitat mapping was used to
determ ne transect melghtlng val ues within islanded channel s
in the Potlatch and Bedrock study sites (Table B.4). Thi s
procedure resulted in the devel opnment of a separate habitat
mapped | F&G4 hydraulic nmodel input file for each channel
| ocated within these study sites. A conventional habitat
mappi ng procedure was applied to the Big Canyon site because
It possessed a single channel

The second | evel of habitat mapping determned the
proportion of habitat represented by each channel within the
entire |IFIMsite. The area of each channel in the potlatch
and Bedrock sites was first measured with a planinmeter to
determne the proportion of habitat provided by the channel
within the respective site. Channel weighting factors were
then cal cul ated by dividing the area of each channel by the
total area provided by the IFIM study site. Resulting
channel weighting factors for the pPotlatch and Bedrock sites
(Table B.5) were not used until habitat sinulation nodeling
had been conpleted. Habitat weighted usable area (WA
val ues obtained from habitat simulation nodel runs for each
channel were multiplied by these channel weighting factors.
This procedure resulted in habitat values which were
correctly weighted by the proportion of habitat provided by
each channel within a nultiple channel [FIM study site.

Site habitat values were finally calcul ated by adding the
Mﬁlghted habitat values obtained fromall channels wthin
the site.
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Table 8.4.  Transect weightings for islanded reaches of lower mainstem Cleat-water
River study sites based on the habitat mapping approach.

Reach Transect Area (sq in) Weiaht __ Assianed Lenath (ft)
LPMC 1 0.50 0.500 500
0.50 0.500 500

TOT Az 1.00 1 .000 1,000

LPRC1 15 1.69 0.690 690
16 0.76 0.310 310

TOTAL 2.45 1 .000 1.000

LPCC1 2 0.69 0.408 408
3 1.00 0.592 592

TOTAL 1.69 1 .000 1,000

LPCC2 4 0.33 0.333 333
5 0.33 0.333 333

6 0.33 0.333 333

TOTAL 0.99 1 .000 1,000

LPCC3 7 1.00 1 .000 1,000
LPRC2 12 0.42 0.365 365
0.73 0.635 635

TOT:: 1.15 1 .000 1,000

LPLC 10 0.61 0.370 370
11 1.04 0.630 630

TOTAL 1.65 1 .000 1,000

UPMC 1 1.40 0.386 386
3 2.23 0.614 614

TOTAL 3.63 1 .000 1,000

UPRC 4 1.00 1.00 1,000
UPLC 2 1.00 1.00 1,000
BRMC 2 18.08 0.815 815
3 2.24 0.101 101

7 1.87 0.084 84

TOTAL 22.19 1 .000 1,000

BRRC 4 1.55 0.245 245
5 1.55 0.245 245

6 3.23 0.510 510

TOTAL 6.33 1 .000 1,000

BRLC 8 1.60 0.620 620
9 0.98 0.380 380

TOTAL 2.58 1 .000 1,000
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Table B. 5. Wighted usable area curve weighting val ues
applied to islanded sites on the |ower mainstem
Cl earwater R ver.

Potlatch Site weightings

Reach Ar ea WUA Curve
(sq in) Area W
LPMC 23.15 0. 57
LPCC1 1.71 0. 04
LPCC2 1.84 0. 05
LPCC3 1.66 0. 04
LPRC1 2.46 0. 06
LPRC2 2.10 0. 05
LPLC 1.90 0. 05
UPMC 3.63 0.09
UPRC 0. 85 0.02
UPLC 1.38 0.03
Tot al 40. 68 1.00

Bedrock Site weightings

Reach Ar ea WJA Curve
(sq in) Area Wt

BRMC 22.19 0. 67

BRRC 6. 90 0.21

BRLC 4.13 0.12

Tot al 33.22 1.00
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SU TABI LI TY CURVE DEVELOPMENT

Utilization curves were first calculated fromfish
m crohabi tat neasurenents obtained fromthe LMCR, Wnatchee
R ver, and South Fork Sal non River. Utilization curves were
devel oped usinﬁ t he hi stogram approach (Bovee 1986; Sl auson
1988). Wth this approach, mcrohabitat nmeasurenments are
used to construct frequency distributions of m crohabitat
suitability. Oobservations are conbined into intervals or
"bins" having increasing value. The bin width used in
hi st ogram construction can have an inportant effect on the
shape of the resulting utilization curve (Bovee 1986;
Sl auson 1988; Cheslak and Garcia 1988). too narrow bin
width can result in an erratic or "noisy" curve which is
hard to define and has nultiple peaks and troughs, while a
too broad bin width can result in a over-honogeni zed curve
whi ch portrays a broad, unrealistic response of fish to a
given mcrohabitat variable.

~ The effect of varying bin widths for each m crohabitat
variabl e on every species was eval uated using a frequency
distribution conmputer program To elimnate bias in bin
w dth selection, Sturges Rule (Sturges 1926 cited in Cheslak
and Garcia 1988) was used to determ ne proper bin widths for
hi stogram construction. Sturges Rule consists of a
relatively sinple equation which defines the optimal bin
wi dth (class interval) by range of a given variable, and b
the nunber of observations made for that variable. Optinm
bin wdths of 15 cm/sec (0.5 ft/sec) were enployed for
velocity. Bin widths between 15 and 30 cm (0.5 and 1.0 ft)
were used for depth, depending upon the life stage

To devel op preference curves fromutilization curves
devel oped by this study, availability curves were cal cul ated
for the LMcr, Wenatchee River, and South Fork Sal non River
Availability curves on all three rivers were 'constructed
using a habitat mappi ng approach (Bovee 1986), which was
based upon transect measurenents of habitat availability.
Wth the habitat mapping approach, each transect is assigned
a weighting factor ich is defined by the proportion of
habitat types (e.g. riffles, runs, pools) napped out in the
river using aerial photographs, ground surveys, or other
met hods. Weighting factors for transects on the C earwater
and Wenatchee Rivers were obtained fromai:10,000 scale
aerial photographs, while those for the South Fork Sal non
River were obtained from ground neasurenents. For the
Clearwater River availability data, only transects |ocated
within or adjacent to observation reaches were used. All
Wenat chee River and South Fork Sal mon River transects were
used to provide availability data since all were |ocated
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within the observation reaches of these rivers.

The thrauIic simul ati on program IFG4 was used to
simulate the velocities and depth availability data on the
Clearwater and Wenatchee R vers. It was not possible to
conduct both utilization and availability measurenents in
these rivers at the same time because of |ogistica
constraints. Sinulation discharges used in IF& sinulations
corresponded to river discharges under which m crohabitat
observations were obtained in the C earwater and Wenatchee
Ri vers. Predi cted velocities, depths, and substrate val ues
generated by | F&4 nodel runs were inported into a
statistical package for devel opment of availabilitK
frequency histograns. Transect neasurenents for the South
Fork Salmon River were inported directly into the
statistical package, since utilization data on this river
were obtained at the same time as availability data.

Depth, velocity, and substrate frequency histograns
were defined using optimal bin wi dths selected during
utilization curve construction. These frequency
di stributions were generated on an individual transect
basis. Transect frequency distributions for each variable
were then entered into a mcroconputer spreadsheet program
This programwas then used to conbine the transect frequency
di stributions according to weighting factors defined for the
transects by the habitat mapping procedure. Resulting
spreadsheet cal cul ations provided a total availability curve
for each river

Utilization and availability curves were finally used
to construct preference curves for target species and life
stages. Velocity, depth, and substrate preference curves
mggg)calculated using the follow ng relationship (Bovee
1 )

where:  p; = unnormalized index of preference at x,,
U, = relative frequency of fish observations at
X.
1 . . . .
A, = relative frequency of x, availability

during the observation period
x. = the interval of the variable (x).

Resul ting preference curves were then snoothed using a
3-point running nmean technique to reduce random error
associated with utilization and availability measurenments
(Chesl ak and Garcia 1988). This techni que was preferred
over other nmethods since it did not "force" the data to
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assume a theoretical distribution or non-linear function
Runni ng mean cal cul ati ons were not applied to the |ower end
of preference curves, since this tended to unrealistically
extend these curves. Follow ng snoothing, preference curves
were scaled fromO to 1 by dividing each value of the curve
by the maxi num observed val ue (Bovee 1986).

Conposite preference curves were devel oped for both
chi nook sal non spawners and juveniles. Conposite curves
were constructed by comnbining preference curves produced
fromthis study with selected preference curves obtained
fromthe literature. This was done for two reasons. First
chi nook spawni ng curves developed in this study were
collected on rivers other than the LMCR for reasons
mentioned earlier. Curves developed on the Wnatchee and
South Fork Sal non Rivers, however well obtained, were not
acqui red under the range of velocity, substrate, and depth
conditions existing in the LMCR Second, chinook sal non
juvenile preference curves for the LMCR were devel oped from
a relatively small number of observations (65). Because of
a limted nunber of observations due to underseeding of fish
inthe river, it was concluded that the chinook juvenile
curves did not realistically portray the full range of
environnmental conditions which the fish potentially use. In
order to broaden the chinook sal non spawni ng preference
curves into "big river™ curves nore appropriate for use on
the LMCR, literature curve values were reviewed to find
those suitable for extending the curves developed in this
study. Spawni ng preference curves fromthe Wnatchee and
South Fork Salnmon Rivers were conbined with Type |11 fal
chi nook sal non curves devel oped by Hanpton (1988) on the
Trinity River, California. Al though Hanpton's curves were
obtained on a nmuch smaller river than the Cearwater River
curves obtained fromthe relatively large fish measured
during this study were broad, especially for substrate use.
Because of this, they were concluded to be very applicable
to large river situations. Conparable preference
measurenents for large rivers were not found in our search
of published literature. Conposite curves were devel oped by
usinﬂ the maxinum suitability value from the \Wenatchee,
South Fork Salmon, and Trinity River curves for each
interval of a given variable. ‘

Studi es of spawning by Chanbers et al. (1955) and Swan
(1989) in the Colunmbia River, Washington indicated that fal
chi nook sal non coul d spawn at depths considerably deeper (>
15 m than indicated by preference curves we devel oped, or
for that matter any curves in the literature. For this
reason, we extended the deEth preference curves for spawning
chi nook salnon to reflect known spawning of these fish in
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deep water.

Suitability curves for adult chinook sal non hol di ng
habitat were also identified as necessary for the LMCR
instream fl ow study. Holding habitat is inportant to both
adult chi nook sal non and steel head trout because both
species mgrate into the LMCR and hold in deeper waters for
several nonths before spawning. Gven that hol di ng habitat

is so inportant, it is unfortunate that relatively little
information exists with respect to holding or stagin
habitat requirements. Two studies were identified which

have resulted in su[tabilitY curves for chinook sal non

hol ding:  summer chi nook sal mon hol di ng curves obtai ned by
Burger et al. (1982) on the Kenai River, Al aska; and spring
chi nook sal non hol di ng curves obtained by Wanpl er (1986) on
the Wnd River, Washington. Holding criteria Produced in
both studies were in the formof utilization (Type 11)
curves. Curves from both studies were conbined into a
conposite set of curves before being applied to the LMCR.
Ve decided to nodify the Wnd River curves (Wanpler 1986)
curves using a running mean smoot hing technique prior to
conbining them with Kenai R ver curves (Burger et al. 1982)
because they seemto have been devel oped using a too narrow
g!n mggth and consequently had an erratic frequency

i stribution.

Hol ding criteria were not identified fromany published
source for adult steelhead trout. W decided to apply the
hol di ng curves devel oped for chinook salnmon for this
purpose, as steel head and chi nook sal mon are known to
general |y seek out the same types. of hol di ng habit at
conditions (i.e. deeper runs and pools) in the LMCR
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HABI TAT MODELI NG PROCEDURE

HABTAT nodel s fish habitat quantity by cal culating the
wetted area of river provided by a specified discharge. _
Wetted area information is provided to HABTAT by a hydraulic
simul ation nmodel such as IFG4. More specifically, HABTAT
eval uates instream flow transect data at a nunber of cells,
with cell area defined in terms of width by transect
verticals, length by transect reach length, and weighting
criteria provided in the hydraulic nodel input data file.

To define habitat quality, HABTAT eval uates each cell
according to mcrohabitat suitability criteria.

- Mean colum velocities are nmost commonly used in
habitat simulation nodeling, and were used for the mpjority
of habitat sinulation conducted wth HABTAT for the LMCR.
There are several reasons for this, but the nost inportant
Is that nost hydraulic sinulation nmodels (including IFGA;
only predict mean colum velocities (MIlhous et al. 1989
Consequent |y, nost published suitability criteria for
velocity are in the form of mean colum velocity. Certain
species or life stages of fish, however, are consistently
| ocated at a certain position in the water colum. One
obvi ous exanple is spawni ng sal non, which are typically
| ocated about 15 cm above the bottom of the streanbed. Mean
colum velocities can be used in sone cases to nodel habitat
of fish which consistently select a certain position in the
wat er colum, but only when the velocity conditions which
fish prefer are highly correlated to nean colum velocities.

Several problens can occur when nean colum velocity
suitability curves are obtained fromone stream and applied
to another. One problemresults from using nean col um
velocities froma relatively shallow river and applying them
to a deeper river. This problemis a result of bottom
velocities decreasing with respect to nmean colum velocities
in deeper water, a condition typical of nost rivers.
Consequently, suitability measurenents of nean columm
velocities for spawning sal non obtained fromshallow rivers
tend to underestimate spawni ng habitat suitable in deeper
rivers. This is because bottomvelocities in a deeper river
are lower than that of a shallowriver for the sane nean
colum velocity values. This was the case for the LMCR as
habitat suitability data for spawni ng chi nook sal non was
obtai ned fromthe Wnatchee and South Fork Sal mon Rivers
(Chapter 9). Both of these rivers were considerably
shal | ower than the LMCR

Gven this situation, it was preferable to use bottom
velocity criteria (i.e. "nose velocities") rather than mean
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colum velocity criteria when nodeling spawni ng habitat on
the LMCR  HABTAT is capable of calculating bottom or "nose"

velocities fromthe nean colum velocities acquired fromthe
habitat sinulation nodel. A logarithmic velocity

di stribution equation was used I n HABTAT nodel runs of

chi nook sal mon spawni ng habitat for the IMcr. This equation
Bredlcts velocities at a given position in the water colum
ased upon nean columm velocity, depth, and the D65 (65th
percentile diameter) of the bed material (MIlhous et al.
1989). Use of this procedure in conjunction with nose

velocity utilization curves rather than nean colum velocity
curves resulted in nore realistic sinmulations of chinook

sal ron spawni ng habitat for the LMCR.

Thi s Problen1did not pertain to curves devel oped for
chi nook sal non juveniles and rainbow/steelhead trout
juveniles and fry, since suitability criteria for these fish
were obtained fromutilization nmeasurenments in the LMCR.
Mean colum velocity criteria were consequently applied to
these species and |ife stages in habitat sinulation

nmodel i ng.

- HABTAT cal cul ates habitat quality on a cell by cel
basis through the use of a joint suitability function (Bovee
1982; M1l hous et al. 1984). This function Is defined by:

SI = S, X Sy X S_;

where: S| = suitability index
s, = velocity suitability
Sy = depth suitability
S.; = channel index (i.e. substrate, cover)

Because all mcrohabitat suitability criteria are scaled
from0 to 1, resulting joint suitability index values al so
range fromO to 1. HABTAT conbines habitat quantity and
quality thou?h the concept of weighted usable area (WJA).
WJA is calculated by the follow ng relationship:

WA = x ¢, X SI,

where: ¢, = wetted area provided the ith cel
SI, = joint suitability index ith cell.

WUA is typically expressed in units of sg-ft of habitat per
1,000 ft of river, and is the primary output of PHABSI M

habi tat nodels, including HABTAT (M1l hous et al. 1989). WA
values are typically calculated to site or representative
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reach basis for a range of discharge conditions. Results of
HABTAT habi tat sinulations nodel are usually presented in
the formof a WJA versus discharge curve.

WUA versus discharge relationshi ps were cal cul ated by
HABTAT for the Potlatch, Bedrock, and Big Canyon study
sites. Input files to HABTAT sinulation runs included the
hydraulic sinmulation data fromthe 14 | FG4 nodel files
devel oped for the LMCR and Rreference curve files devel oped
for several |ife stages of chinook salnon and rai nbow
steelhead trout. A total of 14 WUJA versus discharge
rel ationships were produced for the LMCR 10 for the
Potlatch site, 3 for the Bedrock Site, and 1 for the Big
Canxgp Site. As nentioned earlier in this report, a nunber
of WUA versus discharge files were required for the Potlatch
and Bedrock sites because of multiple channels |ocated
within these sites. The WJA values at each of these sites
were conbi ned using a conputer spreadsheet to produce a
single WJUA versus discharge relationship for each site.
These conposite WJA values were cal cul ated fromthe weighted
sum of channel WJA values for each site. Wighting factors
devel oped for this purpose are described in the Appendix B.

Wil e WUA provides a conbi ned val ue of habitat quantity
and quality for a given study site or reach, aquatic habitat
using PHABSIM is ultimately expressed in ternms of habitat
area_éf#»: HA describes the total habitat available
provided in a river segnent at a g|ven_d|schar%e. HA is the
product of weighted usable area per unit length of river for
a study site and the total length of the river or river
segment represented by the study site (Bovee 1982). HA can
be expressed by the follow ng relationship:

HA = WA x L

where: HA = total segment habitat area (e.?. hect ar es)
WUA = site weighted usable area (sqg-ft per 1000

ft)
L = length of river or river segnent (e.g. km

Conparison of HA values is preferable to that of WJA val ues,
since river segments usually have unequal |engths.
Consequently, sonme segnents can potentially provide far nore
habitat than others from nodel ed flows.

HA val ues can be further refined by nultiplying them by
macrohabi tat preference factors which apply to the entire
river segnent (Bovee 1982). Macrohabitat preference factors
i nclude water tenperature and other water quality variables
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whi ch can reduce or elimnate the habitat provided b¥ a
given river discharge. Water tenperature was identified as
a Potent[ally i mportant flow rel ated macrohabitat factor
influencing the habitat quality of salmon and trout on the
LMCR. Relatively high water tenperatures (> 20 °c) were
observed on the ILMCR during hot sumrer conditions in 1989
and 1990. High water tenperatures had a hi gh negative
correlation to discharge.

This relationship between di scharge and maxi num daily
wat er tenperatures of the LMCR was analyzed using a conputer
regressi on program fromthernograph data collected at the
U S. Highway 95 Bridge (river km 16.7) and from di scharge
records obtained at the Spalding gage site (river km 18.7).
Data col l ected fromJune 1 to Septenber 30, 1989 was use
for th|sfpurpose. This regression relationship (Figure D.I)
was specifically defined for hot climatic conditions by
limting analysis to days in which average air tenperatures
exceeded 25 °c. The relationship between water tenperature
and di scharge for these conditions had a very high _
significance |evel (< 0.0001) and a high goodness-of-fit
val ue (R-square = 0.88).

The resulting water tenperature versus flow o
relationship was used to define the tenperature suitability
of the LMCR under hot sunmer conditions. Devel opment of a
SU|tab|I|tz relationship with discharge for fish habitat
involved three steps. First, relationships between water
temperature and flow in the LMcr was defined using the
regression procedure. Second, water tenperature suitability
curves §F|gure D.2) were obtained frompublished literature
val ues for chinook salmon juveniles (Raleigh et al. 1986),
and for rainbow trout er_and_Juven|Ies (Raleigh et al.

1984). Finally, suitability index values for discharge were
devel oped by predicting a water tenperature for a given

di scharge fromthe regression relationship, and then |ooking
up the suitability index value for that tenperature fromthe
suitability curves. This Procedure_mas devel oped for
suitability index versus f OM/reIat|onsh|8s for discharges
ranging from85 to 510 ems (3,000 to 18,000 cfs) (Table

D.I). Al discharges above 510 cms (18,000 cfs) had a
tenperature suitability index of 1.0.

The tenperature suitability index values for each
di scharge were then nmultiplied by the habitat area (HA)
val ues for each segnent. This procedure resulted in the
production of a set of summer nmonth HA versus discharge
rel ationships for chinook sal non juveniles, and rai nbow
steel head trout juveniles and fry. These tenperature
nodi fi ed HA versus di scharge curves were applied to the
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Figure D. 1. Maximum daily water temperature versus discharge
regression for lower mainstem Cleat-water River: hot climatic
conditions (average air temperature greater than 25 °C).

Table D.l. Temperature suitability index versus flow relationships developed
for the lower mainstem Clearwater River for hot climatic conditions.

SUITABILITY INDEX
Discharge Discharge Predicted Water Chinook Salmon  Rainbow Trout Rainbow Trout

(cfs) (cms) Temp. (°C) Juveniles Fry Juveniles
3,000 85 21.6 0.38 0.60 0.73
4,000 113 21.1 0.43 0.67 0.78
5,000 142 20.7 0.47 0.73 0.82
6,000 170 20.3 0.51 0.80 0.87
7,000 198 19.8 0.55 0.87 0.91
8,000 227 194 0.60 0.93 0.98
9,000 255 19.0 0.66 1.00 1.00

10,000 283 18.5 0.70 1.00 1.00
11,000 312 18.1 0.74 1.00 1.00
12,000 340 17.7 0.79 1.00 1.00
13,000 368 17.2 0.83 1.00 1.00
14,000 396 16.8 0.87 1.00 1.00
15,000 425 16.4 0.94 1.00 1.00
16,000 453 16.0 0.98 1.00 1.00
17,000 481 15.5 1.00 1.00 1.00
18,000 510 15.1 1.00 1.00 1 .00
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rainbow trout fry and juveniles (Source: Raleigh et al. 1986).
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nmonths of July and August when hot tenperatures typically
coincide with low flows on the LMCR Al though hot
conditions do not typically occur during all days during
these nonths, we decided to apply the tenperature nodified
criteria to the entire nonth. This is because high water
tenperatures occurring for relatively short durations of
time could behaviorally and physiologically affect fish for
much | onger periods of tine.
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Rl VER TEMPERATURE MODELI NG PROCEDURE

SNTEMP is a network nodel which is able to integrate

and predict water tenperatures over a large nunber o
tributary and mainstem reaches. A relatively sinple network
was enpl%yed on the | ower mainstem Cl ear-water River (LMCR)
(Figure E.1). The LMcr tenperature nodel network consisted
of a 6.4 kmreach of the upper mainstem river above the
North Fork confluence, a 0.8 kmreach of the North Fork
G ear-water River between Dworshak Reservoir and the mainstem
river, and a 65.4 kmreach of the LMCR | ocated bel ow the
North Fork confluence. The upper end of the network is
| ocated at river km71.8 at Orofino, |Idaho, while the | ower
end of the network is |ocated at the confluence of the
mainstem river with the Snake R ver at Lew ston, |daho

river km0.0). The confluence of the upper mainstem

earwater River and the North Fork Cl earwater R ver was
| ocated at river km 65. 4.

SNTEMP utilizes a node designation system which was
used to describe the tenperature nodel network (Figure E.I).
The "headwater" ﬁH) node, representing the starting point of
the network was |ocated in the upper mainstem river at the
Orofino USGS gaging station. Tenperature data for the upper
mainstem river were obtained using a Ryan TempMentor
recording thernograph at this |ocation and di scharge data
obtained from the gaging station. Dworshak Reservoir is
represented in this network as a "structural" (S) node
| ocated on the North Fork Clearwater Rver (NFCR). A
recordi ng thernng&gph was | ocat ed apﬁrOX|nater 2 km
downstream from rshak Dam at Ahsahka Bridge and was used
to provide streamtenperature data for water released from
the reservoir. Hydrology data for the NFCR were obtained
fromreservoir flow release records provided by the US
Arny Corps of Engineers. The junction of the NFCR with the
ILMCR i s represented by "tributary” (T%, "branch" (B), and
"junction" (J) nodes, which provide the discharge
information required by SNTEMP for thermal mxing
calculations. The "ena" &F) node of the network is |ocated
at the LMCR confluence with the Snake River (river km 0.0)

~Channel geonetr¥ and river discharge information was
requi red to account for changes in channel shape and
tributary inflow to the LMCR between Orofino and Lew ston.
This information was %rovided to SNTEMP at stream geonetry
"change" nodes (C). he LMCR bel ow Orofino was divided into
t hree consecutive segnents to coincide with the |FIM habitat
model. The first segment, Big Canyon, begins at the J node
| ocated at the confluence of the NFCR with the LMCR and ends
at the C node located at Bedrock Creek (Figure E.1). The
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second segment, Bedrock, extends from Bedrock Creek to the C
node | ocated at pPotlatch River. The third segnent,

Pot | atch, extends from potlatch R ver to the LMCR confl uence
with the Snake River

Segnent designations were based upon differences in
channel norphol ogy, hydrol ogy, and topography. Segnent
speci fic discharge, stream geonetry, and topographi c shade
information is provided to the nodel at each C node.

Di scharge data for the Big Canyon Segnent was obtained from
the Peck gaging station (river km 60.2). Discharge data for
the pPotlatch Segnent was obtained fromthe USGS Spal di ng
%églng station ir|ver km 18.7). Discharge for the Bedrock
egment (river km 33.3) was synthesized by a watershed area
based interpolation of discharges observed at the Peck and
Spal di ng gages.

Due to the lack of significant tributary inflowin the
ILMCR during the period nodeled, additional tributary nodes
or hydrology were not required. Tributary discharge was
i ncorporated into the tenperature nodel through latera
i nfl ow cal cul ati ons based on increases in discharge between
the Peck and Spal di ng gages.

Ther nogr aphs placed at the Cherrylane Bridge (river km
33.3; Bedrock Segnent) and the [-95 Bridge (river km 16.7
Potlatch Segnent? served as "validation" (V) nodes since
temperatures recorded at these |ocations were used for nodel
valldatlonmﬁurposes. SNTEMP val i dation nodes represent
| ocations where predicted tenperatures are conpared to
observed tenperatures. In addition to validation node, an
"observation" (0) node was |ocated at the Peck gaging
station. An observation node provides an additiona
| ocation where water tenperatures are to be predicted, but
which is not used for validation purposes.

Time Period for Mbdel

Tenper ature nodel i ng was conducted for two tine
peri ods: sumer (June to Septenber) and early wi nter
(Novenber to Decenber). The sunmer tinme period is of
concern because of relatively high water tenperatures which
currently occur during hot climatic conditions. Average
dai ly water tenﬁeratures in the IMCR can exceed 20 °c during
t he sunmer which is above the range of temgeratures _
preferred by rearing sal nonids (connor 1989). Early winter
wat er tenperatures are al so a concern because the* af fect
devel opnent rates of incubating chinook sal non. enperature
nmodel i ng was conducted using a daily time step during both
the sunmer and early winter periods. A daily time step was
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appropriate for the LMCR because the travel tine of water
from Dwor shak Damto Lewiston is |ess than a day. For
travel times greater than one day, a longer time step would
be nore appropriate to use with SNTEMP (Barthol ow 1989).

The 1989 water year was used as the basis for nodeling
tenperatures on the LMCR since thernograph data was al so
collected during this time. W assumed 1n using this node
that the range of water tenperature, flow, and climatic
conditions occurring during this time were adequate
representatives of typical conditions.

Dat a Acquisition and Reduction

Ri ver distance, elevation, and latitude data were
measured using 1:100,000 USGS quadrangl e maps obtai ned for
the LMCR $c70 i no and Potlatch Quadrants). A nmap-wheel was
enpl oyed for distance neasurenents. Benchmark river
di stance and el evation neasurements for the Spalding, Peck
Orofino, and Dworshak Reservoir gaging stations were al so
obtai ned from published gaging records. These were used to
provi de accurate points of reference from which other
measurenents were based. Latitude neasurenments were
converted from degrees to radians using the fornula:

radi ans = degrees * « / 180

Di stance and el evation data were converted to nmetric units.
Resulting distance, elevation, and latitude data was used in
SNTEMP input data files.

Hourly water tenperature data for the NFCR bel ow
Dwor shak Reservoir and the upper mainstem river at O ofino
were obtained from Ryan Tenpnentor thernographs. Hourly
t enperatures were converted into daily average tenperatures
for use with SNTEMP

Dai | y average discharge data for 1988-89 water year
were obtained from published USGS gaging data (USGS 1989)
for the Orofino, Peck, and Spalding gaging stations. Flow
rel ease records for Dworshak Reservoir were obtained from
the U S. Arny Corps of Engineers, walla walla District.

Met eorol ogy variables used in the LMCR tenperature
model included air tenperature, humdity, percent sunshine,
and wind velocity. Ar tenperature is the nost inportant
met eor ol ogi cal input variable in SNTEMP (Barthol ow 1989).
Daily air tenperature, humdity, percent sunshine, and w nd
velocity data for the time period nodel ed were acquired from
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val ues published by the National Cimte Data Center
(Athens, Georgia) for the nearest Local Cimatic Data (LCD)
station |ocated at the nunicipal airport in Lew ston, [daho.
Hourly and meteorol ogi cal data val ues were converted into
average daily values for use with SNTEMP

Stream geonetry variabl es requi red by SNTEMP incl ude
channel width and Manning's N channel roughness coefficient.
For tenperature nodeling purposes, channel width is
expressed as a | og-l1og regression relationship wth
di scharge. Wdth-di scharge rel ati onshi ps were obtained from
|FIM transects located on the LMCR  Transect width _
measurenents were wei ghted according to the habitat mapping
approach, described in (Chapter 8), for each of six
di scharge calibration neasurenents obtained fromI|FIM
transects. Wdths and di scharges were converted to metric
units prior to regression analysis. Mnning's N roughness
coefficient was obtained fromhydraulic simulation nodeling
conducted on the LMCR  An appropriate Manning's N value can
be obtained fromthe channel "conveyance factor" provided at
each transect by the hydraulic sinulation nodel, but should
not be confused with the cell roughness factors used to
simulate the distribution of velocities for a cross-section

_Topo?raphic data required for the shade nodel were
obtained from the quadrangle maps used for distance,
elevation, and l|atitude nmeasurenents. The neasurenents were
confirnmed from several field observations. Topographic
variables required for the shade nodel include the azinuth
of the river, and the slope of the terrain adjacent to each
bank. Azimuth was neasured with a protractor and then
converted into radians. Terrain slope (i.e. altitude)

adj acent to each bank was cal cul ated by dividing el evation
gain, neasured fromthe river to the top of the terrain
slope, by the distance fromthe river to the sane point.

The follow ng fornmula can be used to convert terrain slope
measurenents into radians as required by SNTEMP

Sl ope (radians) = Arctangent ( aelevation / distance)

Model Calibration

~The 1Mcr tenperature nodel was calibrated by conparing
predicted and observed tenperature values at the Cherryl ane
Bridge and [-95 Bridge thernograph sites. Model calibration
was tnitially conducted by running uncalibrated data decks
wi th SNTEMP and inspecting validation statistics provided in
output files. Mdeling error (i.e. the difference between
predi cted and observed tenperatures) was eval uated on a
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daily basis for each of the time periods nodeled to
determne if the nodel was consistently under-predicting or
over-predicting water tenperatures.

Dai |y nmodeling errors were evaluated using a regression
procedure. W used a regression conputer programto
determ ne whether daily errors in tenperature were
significantly correlated with discharge or any of the
met eorol ogi cal input variables. Initral screening of node
results indicated that the |argest nodeling errors occurred
during days of unsteady discharge on the LMCR, a consequence
of hydropeaking operations at Dworshak Dam  Unsteady flow
conditions were easy to identify fromlarge differences in
daily di scharge val ues between the Spaldin? and Peck gagi ng
stations. Because SNTEMP assunmes steady flow conditions
(Barthol ow 1989), hydropeaking proved to be the nost
i nportant source of error during nodel calibration. To
insure proper calibration of the nodel, days of unsteady
flow were renoved from the input data files.

This correlation analysis indicated that two
met eor ol ogi cal variables, air tenperature and sky cover,
were significantly correlated to tenperature nodel errors.
Sky cover was correlated with nodel error, having a high
significance level (< 0.0001) and an R-square value of 0.23.
Air tenperature had a | ower |evel of significance (< 0.01)
and | ower R-square value of 0.10. The correlation of both
variables to nodel error suggested that differences in cloud
cover and air tenperature existed between the LMCR and the
| ocation of the nearest meteorol ogical observation station
in Lewiston. The differences could be related to
topography, since the LMCR is located within a canyon area.

G obal air tenmperature and sky cover calibration
factors were subsequently used in the nodel to partially
correct for this source of error. A global calibration
factor is one that is applied to the entire network, while a
| ocal calibration factor is one that is applied to only a
specified reach. SNTEMP calibration factors are applied
using a linear regression procedure using the fornula:

Y = a5 + ay
where: ~y = the nodified input variable
Y = the original input variable
a, = the calibration constant
a, = the calibration coefficient
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Appropriate calibration constants and coefficients were
determned by an iterative process and were applied to a
subset of days in the calibration data file. Model
val i dation was achieved by observing the effects of these
changes on renai ni ng days. Final calibration of the LMCR
SNTEMP nodel resulted in a nmean error of 0.02 °C with a
maxi mum daily error in the period nodeled of 0.86 °c.
Considering the length of river nodel ed, these val ues
i ndicated that SNTEMP was very accurate in predicting
tenperatures on the LMCR over a w de range of discharge and
net eor ol ogi cal conditions.
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SPAVWNI NG SUBSTRATE MOVEMENT ANALYSI S
I nt roducti on

In order to properly assess the natural reproduction
potential of chinook salnmon in the | ower mainstem C earwater
River (LMCR), it was necessarg to determne if habitat
conditions were suitable for both sPamn|ng and incubation
The SUIIabI|It% of spawning was eval uated using |FIM
hydraulic and habitat nodeling procedures (Chapter 11).

Sui tabl e incubation flows for fall chinook sal non were
identified as those which were equal to or greater than
those occurring during the Novenber to m d-Decenber spawning
period (Chapter 13). W recognized that peak flows, which
typically occur between April through June on the LMCR
could Eotent|ally result in the scour of salnmon redds and
the subsequent |oss of |npubat|n? eggs and alevins. Qur
mai n concern was to identify if flows during the chinook
sal non i ncubation period (Decenber through Nhy? wer e
sufficiently high enough to result in the nobilization and
scour of spawning substrate particles.

The initiation of bedload transPort in natural streans
requires the exceedance of a threshold flow intensity which
lifts substrate particles fromthe streanbed, and which
transport these particles downstream (Richards 1982). This
critical threshold flowis that which has the m ni num
intensity capable of initiating novement, and is neasured in
terms of shear stress, velocity, or stream power. The
critical flows required to initiate particle novenent varies
due to differences in particle size, channel roughness, and
velocities from location in the stream channel. They are
also difficult to estimate due to variable grain exposure
and i nstantaneous variations in velocity which result from
the turbulent flow characteristic of natural stream channels
(Richards 1982).

Al though critical flowis hard to neasure, it can be
approxi mated using a nunber of different nethods. Shields
nmean bed shear stress criterion is often used to identify
the critical bed shear which results in the initiation and
transport of bed particles. This criterion defines critica
shear stress (r.) as a function of particle size and bed
roughness condition (R chard 1982). Shields criterion (8,)
is a dinensionless critical shear stress which is cal cul afed
from the follow ng relationship:

6. =71,/ (ps - p,) 9D
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where: 1, = critical shear stress
p, = density of bed materia
p, = density of water _
g = gravitational acceleration
D = Dianeter of bed material (D)

Critical shear stress (r,) is defined as that threshold
shear stress (r,) value which initiates particle novenent.
Shear stress is expressed as:

T, = p,gds

where: 1, = mean bed shear stress
d = depth of water
s = water surface slope

Val ues of @, corresponding to initiation of particle
movenment vary according to bed roughness, the particle
conmposition of the streanbed, and particle sorting and
consolidation. Shields criterion values of 0.01 are
recommrended for substrate ﬁartlcles which are extrenely
| oose, perched on top of the streanbed, and easily noved
(Richard 1982). Val ues approaching 0.3 are recommended f or
wel | - packed gravel substrates which are difficult to detach
fromthe streambed. Criterion values of 0.06 are
appl i cabl e to hydrodynam cal |y rough beds which have
intermediate levels of substrate particle packing.

Met hods

Shields criterion values were cal culated from hydraulic
i nformation obtained frominstream fl ow study transect
verticals | ocated across spawni ng-si zed substrate (50-150

at the Bedrock and Lower potlatch study Sites (Connor et
al. 1990). Criterion values were calculated at each
transect vertical for river discharges ranging from85 to
1,416 cms (3,000 to 50,000 cfs). The depth (d) of each
vertical were calculated by subtracting the bed el evation
fromthe water surface elevation for each flow nodeled. The
sane water surface slope (s) was applied to all verticals of
a transect for every nodeled flow, and was obtained from
wat er surface el evation neasurenents obtained during our
instream fl ow study. The 65th percentile substrate size
(D) Was determ ned from gravel conposition neasurenents
obtained from freeze-core sanples. A D, value of 75 mm was
enpl oyed in all shear stress calculations. The substrate,
density value (p,) used for these calculations (2.65 g/cm™)
was appropriate for the granitic cobbles and gravel s which
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dom nate the LMCR.

Shields criterion values were separately eval uated for
mai n channel and island channel transects at the Bedrock and
Lower Potlatch study sites. Only transects |ocated across
| arge areas of substrate suitable for spawning were used in
this analysis. For the Bedrock study site, transects 2 and
3 were used to calculate Shields criterion values for
substrate in the main channel, while transect 4,5 and 9 were
used to calculate values for substrate in island channels.
For the Lower Potlatch Site, transect 1 and 8 were used to
cal cul ate Shields criterion values for substrate in the main
channel, transects 2,3,4,5,and 6 were used to cal cul ate
criterion values for substrate in the center channel of the
Lower Potlatch island conplex, and transects 12, 13, 15, and
16 were used to calculate values in the right channel of
this island conplex. Transect l|locations were given in
connor et al. (1990).

_ Two separate threshold criterion values were used to
|dentbé¥ fl ows which potentially nove spawning substrate in
the LMCR A value of 0.03 was used to I1denti Y fl ows which
woul d result in the novenment of the extrenely | oose, perched
substrate particles which characterize the surface of a
recently excavated spawning redd. Mvenent of these
particles mght lead to the |loss of some eggs and enbryos.

A value of 0.06 was used to identify flows which woul d nove
the nore consolidated or conpacted substrate characteristic
of a older spawning redd. These flows woul d be expected to
result in nore substantial redd scour and subsequent egg and
enbryo wash-out.

In addition to Shields criterion, flow conpetence was
used to identify threshold di scharges which nove spawni ng
substrate in the LMCR  Flow conpetence is defined as the
maxi mum particle size transported, and is used to describe
that flowcritical for initiation of bed material novenent
(Richards 1982). W determned flow conpetence from
sediment transport data collected by the U S. GCeologica
Survey over a wi de range of discharges at the Spal ding
8ag|ng_stat|on_(Jones and seitz, 1980). Flow conpetence was
eterm ned by |dent|fY|ng the maxi mum particle size recorded
i n bedload sanples collected by the USGS from 1972 to 1979.
Bedload sanpl es were collected fron1kb||e¥-8nith type
sanmpl ers during discharge events ran |n% rom approxi mately
10,000 to well over 100,000 cfs at the Spal ding gaglng
station. The Spalding gaging station is |ocated i mediately
upstream fromthe Potlatch Study Site. Measurenments of
bedload novenent obtained at this gaging site should be very
appropriate for defining relationships of bedload nmovenent
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versus discharge for main channel sections of the Potlatch
site.

Resul ts

~Loose, perched substrate particles in min channe
sections of the potlatch site are predicted to begin
movement at approximately 5,000 cfs (Figure F.I).
ApprOX|nateI¥ 40% of substrate particles bg area of these
| oose particles would begin nmoving at 16,000 cfs, while 90%
of spawning substrate by area woul d begin nmoving at 37,000
cfs.  Spawning substrate particles in the center channel of
t he Potlatch site island conplex would begin noving sooner
than in the main channel (Figure F.1), mainly a result of
steeper water surface slopes and correspondi ng hi gher shear
stress values in the center channel. Fifty percent of
| oose, perched substrate ﬁart|cles are predicted to begin
moving at 11,000 cfs in the center channel spawning habitat.
Loose, perched particles in the right island channel of the
Potlatch site woul d not be as susceptible to novenent
conpared to particles in the main channel and center channe
of the Potlatch Site (Figure F.1). Only 13% of these _
substrate Partlcles by area in the right channel woul d begin
moving at tlows of 11,000 cfs, and only 32 percent of these
particles would begin noving at 47,000 cfs. The reduced
potential for novenent of substrate particles in the right
channel result fromthe relatively |ow water surface
gradient and depths at this location

The nore conpacted and consol i dated spawni ng substrate
particles in the main channel and right channel of the
Potlatch site are not Eredlcted to nove during any flows up
to 47,000 cfs (Figure F.I). Particles having these
characteristics are only expected to nove in the center
channel of the Potlatch site, reaching maxi num potential for
particle notion at 36,000 cfs. The potential for substrate
particle novenent woul d decline beyond this flow because of
an |ncrea3|n8_backmater affect froma hydraulic control
| ocated inmediately downstream

~ Loose, perched substrate particles would be expected to
begin noving in main channel sections of the Bedrock site at
approxi mately 17,000 cfs (Figure F.2). Approxinately 70% of
| oose, perched particles at this |ocation would be expected
to begin nmoving at flows of smocfs. Mvenent of [oose,
per ched Part|c[es in the island right channel of the Bedrock
site would begin at approximately 5,000 cfs, but only 40% of
particles are predicted to initiate novement at flows of
47,000 cfs (Figure F.2). The right channel has a | ower
potential for particle novenent when conpared to the main
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discharge.
199



APPENDI X F (conti nued)

channel because it has considerable reduced depths. Shear
stress values increase proPort|onater with depth. The
otential for novenent of | oose, Perched particles is
ighest in the left island channel of the Bedrock site, a
result of relatively high water surface sl opes observed at
this location. The spawning habitat at this l|ocation is
characterized by relatively steeP riffles, within which
movenent of | oose perched particles is expected at |ow f
values (Figure F.2). About 95% of |oose, perched partic
Tould.be expected to nove at flows of 36,000 cfs at this
ocati on.

| ow
| es

~Movenent of nore conpacted and deeper substrate
particles is not predicted to occur during any of the flows
model ed in the main channel and right island channel of the
Bedrock Site (Figure F.2). However, initiation of novenent
of these particles are predicted in the |left channel of this
site at 16,000 cfs. Approximtely 80% of these conpacted
p?rtlcles woul d be expected to nove at di scharges of 47,000
cfs.

The rel ation between flow conpetency and di scharge
deyeIoPed at the Spal ding gaging site indicates that
suitable fall chinook spawni ng substrate particles (50-150
mm) do not be?|n moving in the main channel of the river
until flows of approximtely 40,000 cfs are reached (Figure
F.3). Variation in flow conpetency at discharge greater
than 40,000 cfs are a likely result of changes in particle
sorting and consol i dati on anong bedload sanpling dates.

Di scussi on

Anal ysis of critical shear stress values using Shields
criterion indicates that |oose, perched spawni ng substrate
particles would begin nnving at potential spawning sites in
the tMCR at flows as low a 5,000 cfs. Potential novenent of
t hese particles would be greatest at islanded channel s
having relatively steep gradients, as indicated by criterion
val ues calculated in the island center channel of the |ower
Potlatch Site, and the island | eft channel of the Bedrock
Site. The potential for gravel novement would be |owest in
islanded channel s having | ow gradi ents and dept hs.

~Myvenent of the nore conpacted, deeper substrate
?artlcles s not predicted by Shields criterion for flows
ess than 50,000 cfs, except in higher gradient islanded
channels.  Substrate nmovenent and subsequent redd scour
woul d substantially increase at river discharges of
aﬁprOX|nately 35,000 cfs. Analysis of flow conpetence at
t he Spal di ng gaging station indicates that spawning
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Figure F.3. Maximum size of bedload in tranport as a function of
discharge; lower mainstem Cleat-water River at Spalding,
Idaho (source: Jones and Seitz 1980).

substrate begins to nove at approxinately 40,000 cfs in the
LMCR. Large gravels and small cobbles are effectively noved
at flows observed from 40,000 to 100,000 cfs, with larger
particles noved at higher flows.

Wth the exception of island channel [ ocations having
steeper gradients, the potential for redd scour in the LMCR
woul d be extrenely |low for discharges |ess than 40,000 cfs.
Shields criterion was not calculated for flows greater than
50,000 cfs because no hydraulic neasurenents were obtained
at instream flow study transects for flows higher than this.
However, evaluation of flow conpetence at the Spal ding gage
indicate that potential gravel scour would increase
appreci ably at discharges greater than 50,000 cfs. Flows of
this magnitude do not typically occur except during the
nmonths of May and June in the LMCR (Chapter 10, Figure
10. 23). Consequently, potential spawning redd scour would
be likely to occur only during high flow events during these
nont hs.
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