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Executive Summary

In 1995 the Kalispel h’atura! Resource Department (KNRD) in conjunction lvith
the \\.\‘ashington  Department of Fish and \~*ildlife (%‘DFN’) initiated the implementation
of a habitat and population enhancement project for bull trout (Solrvlirrzts  confluentrcs).
Lvestslope  cutthroat trout (Orlco~ll~.rzcltzt.s  clarki  leu.i.si)  and largemouth bass (~\licroprents
.wlm~id~s).  Habitat and population assessments Lvere conducted in seven tributaries of
the Box Canyon reach of the Pend Oreille  Ri\.er. Assessments \vere  used to determine
the t\-pes and quality of habitat that were  limiting to nati\.e  bull trout and cutthroat trout
populations. Assessments wre also used to determine the effects of interspecific
competition Lvithin  these streams. X bull trout and brook trout (Sulwlinm fontinalis)
h>.bridization  assessment \\-as conducted to determine the degree of hybridization
bet\\wn these  two species. :\na!!sis of the habitat data indicated high rates of sediment
and lack of wintering habitat. The factors that contribute to these conditions ha\.e  the
veatest impact on habitat qualit\-  for the tributaries of concern.zz Population data
suggested that brook trout ha\c Icss stringent habitat requirements; therefore. they  have
the potential to outcompete the nati1.e  salmonids in areas of !o\ver  qualit:.  habitat. !io
Ii\-brids  \\-cre found among the samples. which  is most likely attributable to the limited
number of bull trout. Data collected from these assessments \vere  compiled to de\.e!op
recommendations for enhancement measures. Recommendations for restoration include
riparian planting and fencing. instream  structures. as iveIl as. remo\.a!  of non-native brook
trout to reduce interspecific competition \vith  native salmonids in an isolated reach of Cee
Cee Ah Creek.

The  KSRD and contractors completed the planning and design for the
construction of a largemouth bass hatcher>.  and rearing facilit:.  to stock largemouth bass
into the Bos Can).on  reach of the Pend Oreille  River.̀  A bass habitat utilization study \vas
also designed and \\i!! be conducted \vithin  the rearing sloughs of the hatchen. prior to
1997 operation. to determine optimum o\.envinter habitat structures for juvenile
largemouth bass.
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Introduction

.\boriginally and historically the Kalispel relied heavily upon anadromous
salmonid fish of the upper Columbia River and its major tributaries. Per capita
consumption estimates of anadromous fish for the Kalispel range from 100 lbs to 658 lbs
annually (Heaves  1973. Scholz  UI ~1. 1985). \i*ith the construction of the Grand Coulee
Dam. all migration of anadromous stocks \vere  precluded from the upper Columbia River
system. removing this resource from Kalispel exploitation. The Kalispel incurred
additional losses in a cultural sense. as these fish also semed ceremonial and religious
functions.

Resident fisheries \vere  at least as. if not more. important to the Kalispel than their
anadromous fishev. (Bonga 1978. Smith 1983. 1985). Ethnographic data indicates that
the Kalispel had an elaborate technology used for the exploitation of resident fishery
resources. Gilbert and E\.ermann  ( 1895) reported that in 1894 bull trout (Salvelinus
~mf1wn~u.s)  \vere  abundant in the Pend Oreille Ri\.er  and specimens as large as t\venty-
six inches long and Lveighing  fi\.e pounds or more \vere  in the possession of individual
Kalispel. The subsequent construction of Box Canyon and Albeni  Falls Dams in the
1950’s  furthered the decline in the resident fishery b\- causing a shift in fish populations
from predominantly trout. char and \\-hitefish  to predominantly squalvfish  and suckers
(Glen Nenema. Chairman. Kalispel Tribe. Stan Bluff. Kalispel Tribal Council Member
pers. comm.). The dams fore\.er  changed the habitat in this reach from that of a cold
\vater fast-moving ri\,er.  to a \varm and shallow resen,oir. \vith \.elocities  ranging from
0.1 feet-per-second (fps) durin,(I summer low flo\\s to upivards  of 2.0 fps during high
flo~vs  (Falter el al. 1991). The slo\v mo\ing resemoir created by these dams. ix-ith its
artificially fluctuating depths. creates habitat unsuitable for the nati\*e salmonids once
contained in this reach.

The flmial-geomorpholog>-  of the tributaries of the louver  Pend Oreille Ri\*er were
formerly dictated b\. the geology of the area. The granitic based geology contributes
hea\.\.  amounts of bedload  into streams. Gruss (deteriorated granite). one of the principal
substrates of the tributaries. is a result of kveathering  processes on exposed granitic
intrusions. Historic h!.drologic  patterns transported naturally occurring sediment during
high Ilo\v  periods maintaining relati\.el!.  IOU. embeddedness.  .4s land use practices
increased. the sediment input into the streams has increased o\.er  historic conditions. thus
the equilibrium of sediment transport \vas altered. The direct effect of this is marked
increases in accretion of sediment within the stream channels. The fluvial  processes of
suspension and transport of bedload  \vere  reduced b!. the increased sedimentation rate.
\\.ith this additional amount of sediment in the tributaries. the hydrocume is incapable of
remo\-ing  the additional sediment attributed to land use practices.

Land-use practices within this system ha1.e further degraded both the habitat and
community-  dynamics of native  fish. U*hile  these changes have been detrimental to the
nati1.e  fish in this ystem.  the! ha1.e created an environment conducive to introduced non-
nati1.e  fish populations (Behnke 1979). Introduction. lvhether  through entrainment or
stocking. of non-nati\.e  fish to the Pend Oreille River exacerbated the already declining
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nati1.e fishery. These exotic species stress the nati1.e  fish by both competing  for their

habitat and by possible hy,bridization. lessening the genetic integrity of the native
populations (Lear! et (11.  1993). These combinations of effects have led to an overa]]
depletion in the native fish resources in this system.

Bull trout populations are on the decline in most bodies of water they inhabit
(Ratliff et al. 1992. Pratt 1992. Mongillo  1993. Brovvn  1994). In many aquatic systems,
bull trout ha1.e been limited to small areas of suitable habitat (Brown 1994). Effects such
as habitat degradation. hybridization. competition betlveen  native and non-native
salmonids and overhanest  have limited bull trout populations throughout their range
(Ratline ef crl. 1992). The requirements of bull trout for very cold water and high quality
habitat makes them a v.aluable  barometer of ecosystem integrity and health (Ratliff et al.
1992). Historically. abundant populations of bull trout have decreased in numbers
sufficiently to give cause to recognize bull trout. in most parts of its range, as a Category
1 or 2 candidate species under the Endangered Species Act. Within the Pend Oreille
Riwr sy-stem. bull trout are delineated as a Category I candidate species.

\\‘estslope cutthroat (O,tc,or-l7~.n~h1rs  clwki lewisi)  is another of the native species
affected by the altered conditions in this region and throughout their historic distribution.
It has been estimated that 99% of the original population of vvestslope  cutthroat have
already been lost (Behnke 1972). O\.eresploitation. introgression, competition with
introduced salmonids and degradation or loss of habitat have all led to the decline of their
population (Liknes and Graham 1988). The life history of these fish require specific
habitat quality. that. in many cases. is no longer a\.ailable (Liknes and Graham 1988). It is
the concern o\.er  this loss that has lead to the current listing of westslope cutthroat as a
Category. 2 candidate species under the federal Endangered Species Act within the Pend
Oreille Ri\.er  system.

In an attempt to partially. mitigate for the resident and anadromous fish losses
caused by. hydropolver de\-elopment  and operation. the Northwest Power Planning
Council (SN*PPC)  called for recommendations to de\.elop  a program that would provide
measures to protect. mitigate and enhance fish and Lvildlife  affected by the construction
and operation of hydroelectric facilities located on the Columbia River and its tributaries.
The Kalispel Tribe. in conjunction \vith  the Upper Columbia United Tribes (UCUT)
Fisheries Center. undertook a three !.ear assessment of the fishery opportunities in the
P e n d  O r e i l l e  Ri\,er  (.Ashc  L’I (11.  1 9 9 1 )  t o  p r o v i d e  t h e  NVPPC w i t h  t h e i r
recommendations. The recommendations \vere  adopted and incorporated into the 1994
resident fish and Lvildlife  section of the N\!,‘PPC’s Columbia River Basin Fish and
\l\‘ildlife  Program (S\!*PPC 199-I) and further relised in the NWPPC 1995 program.

In 1995  the Kalispel Satural  Resource Department (KURD) and the \!!ashington
Department of Fish and \\‘ildlife (\lwDF\l’)  began the de\.eIopment  of the Kalispel
Resident I-is11 Project. The biological objecti\.es  de\.eloped  by the KNRD and WDFW
for this pro.ject  \vere then adopted into the N\VPPC’s program during the 1995
amendment c!-cle. Data collected through the 1995 field  season by the KNRD and the
\\‘DF\\* \\.ere e\.aluated  to identify specific limiting factors of habitat to resident fish
populations in the Bos Cany.on  reach and its tributaries. These limiting factors were used
to dewlap  specific enhancement objecti\.es  for each tributaF  in order to address the
biological ob-iecti\-es  adopted by the S\\.PPC’s program (S\!YPPC 1995).
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Enhancement measures \vill focus on habitat and population restoration for native
bull trout and Lvestslope  cutthroat trout lvithin  the priority tributaries of the Pend Oreille
Ri\-er.  Gee Cee Ah Creek. hlill  Creek. Indian Creek and the LeClerc  Creek systems were
selected as priority tributaries for enhancement. based on their higher potential for
rr’storation.  Habitat and population enhancement for bull trout and cutthroat trout will
focus on restoring riparian areas. instream  restoration and exotic brook trout (Salvelinus
fot1rimli.s)  remo~~al. Subsequent monitoring and e\.aluation  of these measures will
determine the effecti\.eness of actions taken to\vard  meeting each tributary’s individual
cjbjecti\.es.  as \vell  as the o\.erall  biological objectives for the Box Canyon reach.
Jlonitoring  and e\.aluation  of the prescribed measures will  judge their scientific merits
and aid in the institution of this project’s adapti1.e  management approach.

Ilull Irw~rl  trrd clrtthr-out  It-out hhitrrt cmc~ssmwt

I’ll!-sical habitat information allo\\~ for a detailed description of the functional
units that each stream is composed  of and is integral to e\‘aluation  of the stream’s o\,erall
ecological  integrit!.  (Simonson LPI  (11. 1993). The data collected through habitat
asscSsmcnt  can be used to determine the re1atiL.e  quality and quantity of habitat available
t;lr !ish within the stream (;Irmantrout  1982). Intrastream and interstream comparisons
of ass~ssmcnt  data combined \\-ith  fish population data can aid in the prediction of fish
species  presence or abundance \\ ithin  particular stream reaches (Got-man  and Karr 1978:
I3inns and Eiserman  1979: Schlosser  1982: Fausch  et (11. 1988; Lyons 1991). These
comparisons also help to highlipht  the areas \\ith the poorest habitat as sites for potential
~nhanccment. Enhancement of habitat type and qualit:.  provides one means for
population enhancement of target species  (blunter  1991). The baseline data collected in
the habitat and population assessments  become reference points for the long-term
monitoring  of the proposed enhancctment  measures. The goals of this project are to
assess present conditions. identify trouble areas. propose enhancement measures and
implement  recommendations to impraw the quality and quantity of the available habitat.
This information can be further used to recommend continued restoration on these
indii-idual  tributaries. as ~~11 as pro\.ide  recommendations for proposing habitat
enhancements in other tributaries.

Knowledge about fish populations is essential for developing management plans
and c\-aluating  the success of the implemented plans. These population assessments are
important for plotting fluctuations in abundance possibly due to habitat degradation
and ‘or habitat enhancement. Baseline  data collected in the population assessment
become  reference points for long term monitoring. This monitoring will provide
information on the fluctuation of populations due to habitat enhancement. It is expected
that habitat enhancement \vilI impro\.e  the populations of the already existing native
salmonids.



Ripcwitrrt  LWCJU  rvstorution

Riparian areas are those areas of. on. or relating to the banks of a natural course of
water. Riparian areas contain characteristic plants and animals that have evolved to
utilize the diverse habitat provided  by the riparian area (Kelly et al. 1975). The
\.egetation  associated \vith  a stream bank can have direct and indirect influence on
instream  characteristics making it an integral part in habitat management (Thomas et al.
1979). Establishment of healthy riparian areas can increase bank stability in locations
\vhere  there is increased erosion of stream banks. Grazing. along kvith other land use
practices. have degraded bank stabilit:.. Fencing of riparian areas provides relatively
short-term benefits tolvards  the re\.egetation  of these areas by reducing traffic and
foraging. Fencing will  increase the sur\-i\.ability  of seral or earlg  successional species
(e.g.. grasses and sedges). Long-term 1.egetatii.e  enhancement of riparian areas is
achie\.ed  through planting of coniferous and deciduous shrubs and trees. The maturation
of these shrubs and trees can produce instream  improvements such as: reduced stream
width, increased stream depth. lower water temperature and increase overwintering
habitat (Platts  ct ~1. 1987). The most significant contribution is the recruitment of large
\\ oody  debris (Bryant 1983). The  =“oats for riparian restoration are to reduce the impacts
of land-use practices and enhance the natural reco\.ery  process in disturbed reaches of the
streams.

Imtrwm r-sstorritiotl

Instream restoration is the direct modification of streams \vith artificial structures
to increase  their complesity. The  installation of instream  structures perform specific
impro\.ements for fish habitat. includin,(r spa\vning  habitat. rearing cover. feeding areas
and o\.er\vintering habitat (Hall and Baker 1982). These structures provide desirable
salmonid  habitat characteristics in areas Lvhere  the stream conditions have been degraded
(House and Boehne 1985). Land-use practices in this region ha\.e exacerbated already
degraded stream conditions. Structures will aid in the scouring of the stream’s substrate
and help transport the increased sediment load associated \vith  poor land-use practices.
Reduction of sediment and an increase in habitat quantity and quality can improve fish
habitat by increasing: salmonid  reproduction. salmonid  rearing. in\.ertebrate  production.
species di\.ersit>..  bedload  transport. water qualit!.  and stream depth. (MacDonald et al.
1991. Beschta and Platts 1986. H>.nes  1970). The goals of instream  restoration are to
improLe  the habitat quality and quantit!.  in degraded areas and increase cutthroat trout
and bull trout populations b!. providing  an increase in habitat quantity and quality.

Exotic  hr-ook trout remo~*ul

Exotic trout remo\.al  is the ph>-sical  remo\.al  of non-nati1.e  trout from a stream.
Of all the factors threatening bull trout and lvestslope  cutthroat trout. hybridization and
interspecific competition with introduced salmonids represent the most detrimental
problem to these species (Liknes and Graham 1988. Leary  et al. 1991. Markle  1992)).
Esotic remo\-al  eliminates interspecific competition and the potential for hybridization



\\-ith  these introduced species. The removal of brook trout in upper Cee Cee Ah Creek
\vill allow higher a\.ailabilit\. of habitat to native  trout and is one measure toward
increasing their populations. The goal of exotic remo\.al  is to increase native salmonid
populations by minimizing or eliminating interspecific competition.

t<~ht*itlixriott  of hook  trout  mttf /ml/ trout

lI\.bridization.  the act or process of interbreeding betlveen  tlso closely related
species. can be potentially damaging to the species of concern. The potential for
heterosis  does not exist between these t\vo species as bull:‘brook  trout hybrids are sterile
(Lear\- ct ul. 1 9 9 3 ) . Bull trout eshibit already depressed population levels.
Consequently. the potential for hybridization is of serious concern. The physical act of
h!-bridization  eliminates the potential for bull trout matin,0 therefore Lvasting  that years
reproducti\.e  effort. A direct result of this phenomenon is limited recruitment.
H!.bridization  is determined through genetic  testing of the species of concern.

Genetic tests \\.ill clearI!.  detail the estent of spaijning  interaction and incidence
of h>.bridization  bet\\.een  native  and non-nati1.e  char species. One esplanation for 10~
numbers of bull trout ma!. be h!,bridization  bctwen  bull trout and non-nati1.e  brook trout.
In the case of the Bos Can>-on  Reset-\-oir tributaries. brook trout are the most numerous
species a n d  h a v e  a n  ad\.antage because  l e s s  reproducti1.e  e f f o r t  i s  Lvasted  o n
h\.bridization.  The goals of this genetic analysis study \vill be to determine the magnitude
of hybridization that is occurring bet\\-ecn  brook trout and bull trout in tributary streams
ofwthe  Bos Canyon Reser\.oir  and detc‘rminc  the effects. if an\.. that brook trout are having
on bull trout populations.

The goals for the Resident Fish Project are to identify the existing population and
habitat conditions for resident  tish in the Bos Can\.on  Reach of the Pend Oreille Ri\.er
and its tributaries. Data collcctcd  on these conditions \vill be used in the recommendation
of enhancement measures to increase native  bull trout and westslope  cutthroat trout
populations.
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Description  of Study Area

Bull trout  umi cutthroat  trout  stmj. w-m

The Pend Oreille Ri\.er  s\%zrn  begins as the Clark Fork River in west central
\lontana.  The Clark Fork Ri\-er  empties into Pend Oreille  Lake. The Pend Oreille River
begins at the outflow of Pend Oreille Lake. The river flolvs \vest\vard  into Washington
then turns north\vard  until it reaches Canada Lvhere  it joins the Columbia River. The
stud\-  area is in the northeast corner of \\‘ashington State. The approximate drainage area
of the Pend  Oreille Ri\.er  bet\veen  the border of Ii’ashington and Idaho and the
international border is 65.300 km’.

The Bos Can\.on  Rcser\.oir  is formed b!. the impoundment of the Pend Oreille
Ri\-cr b! Bos Canyon Dam. The reservoir has 47 tributaries and covers 90 river
kilometers of the Pend Oreille Ri\-er.  from Albeni  Falls Dam to Bos Canyon Dam. The
priorit!-  tributaries for the stud!.  are located \vithin  the Bos Canyon resemoir (Figure 1).

\Iill  creek has a drainage basin area of 80.2 km’. \vith  9.7 km of stream that
empties  into the Pend Oreille Ri\w at river kilometer 95. The system is fed by Lvater
sources from Xorth  Bald>-  and the surrounding lower ridges. The stream in the upper
r-caches has a gentle  gradient with  beawr habitat and a slow meandering channel. Due to
erosion  resistant geolog\..  the louver  portion of the stream changes to a high gradient
system  with  cascading riffles and plunge pools until it reaches the confluence with the
Pend Oreillc  Ri\.er. Jlili creek enters the Pend Oreills River at approsimately river
kilometer 108.

Ccc Cee Ah Creek has a drainage basin area of 63.5 km’.  \j.ith  14.6 km of stream.
Gee Ccc .Ah has a di\.erse  morphology \vith  \.aried  gradient. Cee Cee Ah has an
intcrmcdiate  gradient on top. a flat gradient in the middle. a steep gradient in the louver
section \\-ith  a 25 m waterfall. and a low gradient for the last 2 km of stream. This creek
has an cstensi1.e  slough s.! stem for the last lkm before it’s confluence Lvith the Pend
Oreillc  Ri\-cr. Cee Gee Ah Creek empties into the Pend Oreille Ri\.er  at river kilometer
130.

LeClerc  Creek is the largest drainage of the three priority tributaries. LeClerc
Creek’s drainage basin is 161 km’. The LeClerc  system is split into three separate
branches (East. \!‘est.  and \iiddle).  There is approsimatel?.  93 km of stream in the
I.eClerc  system.  This is one of the largest tributar!.  systems in the Bos Canyon
Rw33 olt-. Tributaries to the LeClerc  sytem  are. hlineral and W!hiteman  Creeks
(tributaries to the \\‘est  Branch of LeClerc).  and Fourth of July Creek (tributary to East
Branch of LeClerc  Creek). The East and Xliddle  branch flow  together 5 km above the
confuc~~e  with  the Pend Orcille  Riwr. The main branch is formed by the merging of
the East and 3.est branches 2.5 km abo1.e  the Pend Oreille River. LeClerc  Creek flom~

into the Pend  Oreille Ri\.er  at approximately ri\,er  kilometer 90.
Indian Creek has the smallest drainage basin of all the tributaries surveyed at 20

km’ and is one of the shortest tributaries Lvith 3.84 km of stream. This stream has no
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secondary tributaries and is spring fed. This stream flolvs  through relatively low
(Iradients  and is generally wide and shallow.P A series of beaver dams are constructed at<
the mouth of this stream creating potential migration barriers. The stream flows into the
Pend Oreille Ri\.er  on the East side at ri\.er  kilometer 140.

Cedar Creek has a drainage basin area of 85 km’ and is approximately 19 km
long. Cedar Creek is fed by the \vater  from surrounding ridges and a single secondary
tributar)..  This stream is dammed at the louver  portion of the stream as a resen’e water
supply for the to\vn  of lone. The stream enters the Pend Oreille River on the lvest side at
approsimately river kilometer 59.

8



Cedar

Cedar Creek

4
6

\
\

d Box Canyon Dam

Mineral Creek

Pend
Oreille
River

of July Creek

‘II
i

‘+KKalispel  Indian Reservation‘+KKalispel  Indian Reservation
! :’

II : \llLES
0

1 ‘? KlI.O\lETERS

Albeni Falls Dam .

Figure  1. Box Canyon Reser\ oir and priorit>-  tributaries.
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Methods

Bull  trout  and cutthroat trout  habitat  assessment

The stream habitat sumey methodology contained three facets: transect surveys,
reach oyen.ie\vs  and interreach comparisons. This stream survey methodology used
kvithin  the Box Canyon Reach is similar to that developed by Espinosa (1988) and further
relised by Huntington and Murphy (1995) (KIiRD internal dot. l-95).

Habitat sumeys \vere  broken into t\vo  components 1) transect surveys and 2) reach
o\.er\.iew sumeys. Transect suneys are the division of the stream into 30m segments.
Primar).  pools. spa\vning  habitat and acting Lvoody  debris counts Lvere  collected for the
entire length of each 30m segment. The remainder of the habitat quality parameters in
Table 1 \vere  collected at the end of each 30m segment (the actual transect site). This
method allo\vs  for a number value to be assigned to each habitat quality parameter.
Reaches \vere  defined by stretches of stream Lvith  common gradient, substrate and
\.efetation. Breaks bet\veen  t\vo homogeneous areas defined a new reach. Reach
o\.er\-iew  sun.eys are the visual  obsenation and description of variables occurring within
each reach (Table 2). Each reach \vas permanently marked and flagged using aluminum
tags and flagging as a reference point for long-term monitoring.

Follo\ving  the compilation of transect data. an inter-reach comparison was
conducted using the mean \.alues  for each reach. This \vas the fundamental unit of
comparison to determine specific reaches for enhancement projects. Threshold values
Lvere established for embeddedness. bank stability. bank cover. instream  cover. pool-riffle
ratio. spalvning  rrravel and priman pools (Table 3). All threshold values lvere  obtained
from Hunter ( 199 1) and.‘or MacDonald ct ul. ( 199 1). The mean data for each reach \vas
anal\.zed  by using these threshold criteria. Each habitat value that did not fall Lvithin  the
threshold \vas counted as habitat that \vas unsatisfactory for quality or quantity.

f-ish densities were collected using standard snorkel sun.ey techniques (Espinosa
1988) for all streams except Cee Cee Ah Creek. Cee Cee Ah Creek fish data was taken
from &he’s (1990) assessment data. Sampling \\-as conducted during the period from
Jul!. 15 through September 15. Population density \vas addressed by number, size (age
class) and species of fish per 1 OOm’ (Table 3). The standard size/age  classes for salmonid
species \vere  determined according to Espinosa (1988). Lengths of stations were 30
meters and selected so that beginning and ending points for stations never bisected pool

habitat. Fish stations were permanently marked and flagged using aluminum tags and
flagging.
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Table 1. Transect variables and method of collection.

C’ariable

Habitat TJ pe

Dominant Substrate Size

Habitat Function

Spairning  Gravel Amount and @alit>

Stream Depths

Habitat \vidths

Primap Pools

Pool Qualit?

Pool Creator

Cobble Embeddedness

Bank Stabilit!

lnstream Cover Rating

DominantSubdominant  Riparian
Vegetation

Stream Channel Gradient

Acting N’oody Debris

Potential Debris Recruitment

Residual Pool Depth

Method of collection

Visually determine habitat cpes (i.e., pool, riffle, glide,
pocketwater, run. alcove)

Visually determine largest percentage of substrate for that
habitat type (i.e.. silt. sand, gravel, cobble, boulder,
bedrock)

Visually determine habitat functions (i.e., winter, summer,
spawning or unusable)

Measure potential square meters of spawning gravels
bvithin  each transect and quality (i.e. gravel size, location
and current \-elocity)( Kalispel internal dot. l-95) Good =
All criteria met. Fair = 2 criteria met. Poor = I criteria met.

Measure depth at I .‘4, I :7, 3.‘4 across channel to the nearest
cm

Measure each specific habitat type in a transect to the
nearest 0. I m

Sumber of pools \vith length or width greater than the avg.
width of stream channel within each transect

Rating based upon collection of length. width. depth, and
cover

Identify item creating the pool (e.g., large woody debris,
boulders. beaver. enhancement. other)

\‘isual estimate of the percentage fine or coarse sediment
surrounding substrate Actual measurement was recorded
with an embed meter approximately every 20 transects,
Regression of the estimated numbers with the actual
measurements calculated a correction factor for all
estimated values.

Visual estimate of the percentage of unstable bank per
transect for possible sediment source

Percent of the stream surface covered by large woody
debris. aquatic vegetation. bank vegetation in or near the
surface of the \vater ’ Amount of cover provided by
undercuts. root fads. boulders or turbulence.

Visual estimate of dominant vegetation and of
subdominant vegetation species

Using a clinometer measure percent slope

Sumber of 1% ood! debris with a diameter > I Ocm and a
length > I m in the stream

Number of trees within the transect that could potentialI!.
fall into the stream > IO cm and a length > Im

The average pool depth by averaging the deepest portion
of the pool and the pool tailout. lvieasure  to the nearest
O.Olcm
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Table 2. Reach variables and method of collection

Variables

Air and U’ater Temperature

Channel T\ pe

Method of Collection

Thermometer reading in centigrade

A general classification of channel type based
on channel morphology (see Rosgen 1994)

.1\ erage Embeddedness Estimate of the average embeddedness for the
entire reach Actual measurement was recorded
with an embed meter approximately every 20
transects. Regression of the estimated numbers
with the actual measurements calculated a
correction factor for all estimated values.

Dominant tlabitat Type Dominant habitat vpe for the reach (i.e., pool.
riffle. glide. pockehvater, run, alcove)

Disturbance Estimation of the effects of land use practices
(i.e. logging, roads. cattle. mining)

-2quatic  \.egetation Estimation of the occurrence of aquatic
\-egetation  for the reach (i.e., abundant. fairly
common, scarce, none)

Shading \‘isual estimation of the amount of stream
shaded b>. canopy along the stream reach

tlabitat Qualit) Estimation of the habitat quality for the entire
reach (i.e., good, fair, poor)

Other An>  notable attribute not required for recording
that can be recorded for reference to impact. or
interest to habitat qualip.

Table 3. Interreach comparison threshold values (after Hunter 1991; MacDonald 1991).

Limiting Factors Threshold Value

Embeddedness Any value 2 30 or 5 .70

Bank Stabilit) An\ 1 alue 2 2.5

Bank Co\ er An\ value 5 2.5

Instream  Cover Any value I2..0

Pool - Riffle Ratio An) value 5 .j:l or 2 1.5:1

Spa\\ning  Gravel Three lo\vest cumulative values

Primar)  Pools Three lowest values
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Table 4. Fish species designation by length group as dev.eloped  by Espinosa 1988.

Species
Cutthroat Trout
Rainbou Trout

*iiF
O-
I-
2 -
3,-
-I-

BIG

Bull Trout
Brook Trout
Brown Trout

lclountain N’hitefish

O- < 65 mm FL
l- 65-l 15 mm FL
2- 116-165  mm FL
_;- 166-210  mm FL
-l- 31 I-305 mm FL

BIG >305 mm FL

NA
NA
NA

Sculpin N A

Sucker N A

Length
<65mmFL

65-I IO mm FL
Ill-150mmFL
151-200  mm FL
201-305  mm FL

> 305 mm FL

< 100  mm
100 - 305 mm

> 305 mm

N-A

b!:A

H~hridixtion  ussessnrent  of brook  trout trnd hdl trout

A genetic assessment v\.as conducted to determine the degree of hybridization
occurring in the tributaries of the Box Canyon Reach. The hybridization assessment was
contracted to Dr. Gary Thorgaard. Department of Zoology,, Washington State University
(\!SU).  All methodology. results and portions of the discussion for the hybridization
study.  \vere  vvritten  by the contractor (Thorgaard and Weaver 1995). Bull Trout, brook
trout and potential hybrids were  collected in 11 tributaries of the Box Canyon reach.
Laboratory work  extracted the DS.4 and utilized IvIicrosatellite  Primers and RAPD’s
(Random .4mplified  Pol!.morphic  DS.4) to test for bull trout x brook trout hybrids. Fish
used in the sampling \vere  collected through electroshocking. One cm* fin clips were
taken to provide the DNA samples and stored in a 1.5 ml vial of 95% ethanol. Each vial
number was recorded along lvith  suspected species. fish length, stream name, and site
location. X total of 295 samples vvere collected and sent to Dr. Gary Thorgaard and
Derek \!‘ea\.er at I\SC for genetic analysis.

DSA vvas  estracted from indi\.idual  samples using standard phenol-chloroform
estraction procedures. lndiv.idual  tin clips vvere digested Lvith cell digestion buffer and
proteinase I(. then subjected to one phenol-chloroform extraction. DNA was precipitated
in 1 OO”l ethanol with  ammonium acetate. Samples were  then centrifuged into pellets and
rinsed in 7096 ethanol. Pellets \\.ere dried and rediluted in approximately 250~1  of .1X TE
buffer. Samples \vere  allo\ved  to dissolve for several days at 4 C then quantified using a
flourometcr and 375ng  standard.
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Samples Lvere screened using t\vo  sets of microsatellite primers and three different
R4PD (Random Amplified Pol;.morphic  DN.4) primers. This \vas done to assure more
accurate identification. The use of RAPD primers requires no known kno\vledge of the
DK.4 being amplified lvhereas  microsatellite primers require kno\vledge  of DNA regions
unique to the species of interest. The microsatellites chosen \vere  derived from Bro\\n
Trout (Estoup et al.. 1993: Sakamoto ct al.. 1994). The microsatellite primers are used in
pairs. one as a fonvard primer and the other as a re\.erse  primer. Amplified product was
run and visualized in .4garose  gel.

Complete volume of each individual  reaction \vas loaded into a 2% ethidium
bromide stained agarose gel and run in 1X TEA buffer for 2.5 hours at 50 volts. Two 20
toothed ii-e11  combs \vere  used per gel (175ml  mid-sized gel). 1 kb molecular weight
standard \vas loaded at the ends and in the middle of each comb. PCR products were
Gsualized b>. photographing the gels under UV light conditions. Photographs \vere
compared to those of kno1tt-t  brook. h!.brid.  and bull samples.
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Results

Bull  trout  md cutthroctt  trmt ltahitut  cr.s.se.s.snrmt

All streams sun.e!.ed exhibited high rates of embeddedness ( S = 72.4% + 12.8),
with  the exception of Cedar Creek ( T = 31.8% + 2 1.9). Mill  Creek had the highest rate
of embedded substrate ( y = 86.2% _’ 18.3). follo\\.ed  b). Fourth of July ( S = 77.7% f
27.2). Cee Cee Ah ( T = 73.S?/, ? 26.8). and Mineral Creek ( T = 70.1% + 25.7).
I\*hiteman  Creek and Indian Creek exhibited moderately high rates of embeddedness ( X
= 52.4?‘, ? 37.6 and s = 5 1.8% + 28.3. respecti\.el\.). High rates of embeddedness were
common for indilldual  reaches in each stream as iveIl. Figures 2 through 6 specie reach
location and fish stations for each stream. Each stream contained reaches \l\-ith  greater
than 70°b embeddedness with exception of Cedar Creek. Mill Creek (Table 5) and
Fourth of July Creek (Table 6) each contained only  one reach Lvith rates less than 70%.
Cee Cee Ah Creek (Table 7) and llineral  Creek (Table 8) exhibited rates of greater than
70% in half of their reaches. \\hitcman  Creek (Table 9) contained t\vo reaches and
Indian Creek (Table 10) contained one reach with rates greater then 70%. Cedar Creek
(Table 11) differed. in that. no reaches \vere  greater than 70% and more than half were
less than 40%.

The high rates of embeddedness limited the area of higher quality spa\cning
(Travels  for both spring and fall spa\vners.c Cee Cee Ah Creek contained the least amount
of spaitning  habitat ivith  5.9m’:‘km  of spa\ininkr grax.el  all of poor quality. \\hiteman
Creek contained only 14.3m’:km  of spakvning  gravel lvithout  any gravels of good quality.
Mineral Creek contained 34.8m’I’km  of spalvning  gra\‘els;  ho\ve\.er.  only 1 .5m2/km  were
of good quality. Mill Creek and Fourth of July Creek both contained relatively large
amounts of spa\vnink  c1 ora\.els.  77m’,.km  and 93.3m”km  respectively. but having the t\vo
hiehest rates of embeddedness has reduced the amount of qualit).  gra\.eIs to less than
7m’!km  for each stream. Indian Creek and Cedar Creek had the t\vo lowest rates of
embedded substrates and consequently the\. contained the most spa\\ning gravels of
higher quality. 2 1 .5m’!km  and 18.8m-‘km  respectively.

Alost  streams eshibited low habitat di\.ersity  \vith  primarily summer habitat and
low primary pool counts. Fourth of July Creek and Indian creek exhibited 100% summer
habitat in half of their reaches and had the lolvest  number of primaq pools per kilometer
(3.5 km). Cee Cee Ah Creek exhibited six of ten reaches that \\.ere  100% summer habitat
and only a slightly higher number of primary pools per kilometer (3.6,‘k.m).  Three out of
eight reaches on V’hiteman  Creek exhibited 100% summer habitat and 6.3 primary pools

per kilometer. TLVO  of the ten reaches of Mill Creek ivere  comprised of 100% summer
habitat and the number of primat-?  pools per kilometer \vas 6.8 for the stream. One of the
four reaches on Mineral Creek exhibited 100% summer habitat and 7. I primaq.  pools per
kilometer. Cedar Creek exhibited only one reach of fourteen that \vas 100% summer
habitat and the largest number of primary pools per kilometer at 7.9.
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‘I’ablc  5. Mill (‘reek  reach data

Habitat Variables Mear1 s D Mean S D Mea11

Embeddness (%) 8 0 5  1 5 7 932 12 94 7

Bank StabMy 3 0 26 2 9 0 35 2 8

Bank Cover 22 075 21 0 63 2 6

Instream Cover 21 0 65 2 0 99 2 9

PooLRIffle  Ratlo 0 1 1 0 3 1 0 6 1

Acltng  Debns (#IlOOm) 26 3 195 36 7

Prtmary  Pools (#/Km) 6 7 138 5 7

Gradlent (%) 77 31 41 13 28

Avg Depth (cm) 1 3 9  1 1 2 106 80 17 9

Avg Stream Wldlh  (m) 2 5 2 3 6 2

Reach 1 Reach 2 Reach 3 Reach 4 Reach 5 Reach 6

S D Mean S D Mean S D

-68159 199 9 6 1  1 3 5

0 07 3 15 2 0  0 7 7
1 1 2 0 a2 27 079

0 99 2 0 66 2 0 84
0 2.1 0 8 1

25 6 24 2

4 4 2 9
002 74 3 3 34 096

24 5 14 7 7 2 1 5 5  1 4 9

2 7 104

M e a n  S D

07 9 126

2 2 0 39

2 9 0 76
27 07

0 5 1

36 5

3 8
4 0 97

22 108

3 7

Reach 7 Reach 6 Reach 9 Reach 10

Mean SD. Mean SD. Mean S D. Mean SD
899 12 85 2 15.9 75 8 2 5 72 5 27.5

2 07 18 0 55 3 4 00 4 0.69

29 1 13 0 67 2 2 0.9 2 081
2.9 09 14 0 69 2 9 0 6 33 089

0 5 1 06.1 0 5.1 0 4 1

31 5 25 3 33 6 27 5

7 9 12.6 0 2 7

39 08 2.6 0 52 4.3 11 62 12

25 11 37.3 24.7 26 12 23 1 112

3 2 4 5 4 7 4 9

Spawning Gravel (sq m) Spring  Fall Spnng Fall Spring Fall Spnng Fall Spnng Fall Spring Fall Spring Fall Spnng Fall Spnng Fall Spring Fall
Poor 155 30 34 10 14 1 1 24 31 40 7 36.5 49.9 59 17.5 24 5 9 5.5 3 5 2.5
Fair 21 21 5 40 44 5 135 11 37.5 12 20 16.5 168 0 4 4

Good 2 35 5 2 5 2 5 20 20

Habitat Function Occurance Occurance Occurance Occurance Occurance Occurance Occurance Occurance Occurance Occurance

Unusable: 0 6%
Summer: 63 7%

Winter: 36.3%

Spawning’

91 6% 46 2% 93 2% 22.7% 100% 100% 70.2% 92 0% 84.4%
0 4% 53.8% 68% 77 3% 21.2% 8.0% 156%
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‘l‘ablc  6. I:ourth  01‘ July (‘reck  reach data.

Reach 1 Reach 2 Reach 3 Reach 4 Reach 5 Reach 6 Reach 7 Reach 6

Habitat Variables

Embeddness (%)

M e a n  S D M e a n  S D Mean SD. Mean SD. Mean S D M e a n  S D M e a n  S D Mean SD.

79.5 29 9 68 7 23 1 811 29 82 6 25.6 74 a 25 8 72 0 25 5 76.4 24.6 70 27.1

Bank SlabMy 18 09 2.2 1.1 21 0 88 3 3 1 14 3 9 1 1 3 2 0.63 3 4 0 52 3 0.71

Bank Cover 31 1.12 3.4 0 89 2 9 1.28 34 1 3 4 13 3 7 0 95 39 11 4.4 0 55

lnstream  Cover 2 3 0 99 3 6 0 55 2 4 0.84 3 6 0 65 4.1 0 66 41 0 57 4 0 67 3.6 0 55

PooLRIffle  Ratio 0 4 1 1 5 1 0 6 1 1 6 1 0 4 1 0 2 1 0 1:l 0

Acting  Debris  (#IlOOm) 13 20 7 159 31 4 40 7 23 3 20 7 3

Primary Pools (#/Km) 5 6 0 5 6 2 4 0 3 3 0 0

Gradlent  (%) 38 1 15 7 9 3.19 2 9 091 6 7 2 75 104 4 5 98 65 14.3 4 2 5.1 27

Avg Depth (cm) 9 6 8.59 105 3.82 108 86 91 6 112 9.3 19 92 91 5.8 5 3.1

Avg Stream Width (m) 15 1 3 1 8 2 2 1.6 15 1.9 2.7

Spawnlng Gravel (sq m) Spring F a l l Spnng Fall Spring Fall Spnng Fall Spnng Fall Spring Fall Spring Fall Spring Fall

Poor 37 5 2 9 18.5 7.5 2.5 1.5 5 5 4.5 4 4 1 5 3

Fair. 42.5 1 114 5 64.5 115 1 1 1

Good. 1 7 7 1

Habitat Function Occurance Occurance Occurance Occurance Occurance Occurance Occurance Occurance

Unusable: 4.4%

Summer: 75.5% 100% 68.9% 90.0% 100% 100% 100% 90.3%

Winter: 20.1% 18.9% 10.0%

Spawning: 12.2% 9.7%
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‘l’ahlc 7. (‘cc Ccc Ah Creek reach data.

Habitat Variables

Embeddness (%)

Bank Stabrlity

Bank Cover

lnstream Cover

Pool-Riffle  Ratio

Acting Debris (#I1 OOm)

Prtmary  Pools (#/Km)

Gradient (%)

Avg. Depth (Cm)

Avg Stream Width (m)

Spawning Gravel (sq m )  Spnng F a l l sprmg F a l l Spring Fall Spring Fall
-

Spring Fall Spring Fall Spring  F a l l Spring  F a l l Spr ing hall Spring  F a l l
Poor, 6 4 8 5 4.5 1 0 5 19 6 0 5 0.5 0 5

Fair:

Good

Reach 1 Reach 2 Reach 3 Reach 4

Mean SD. Mean SD. Mean SD. Mean S 0
442 32 3 8 5 6  1 7 5 76.1 32 1 4 8 6  1 4 5

2 4 098 19 0 47 2.3 071 3 7  0 4 8

13 059 12 0 37 16 091 1 0

14 07 1 3 0.54 16 1 1 1 0 36

0 4 1 0 4 1 0 7 1 0 1 1

108 114 10 102

3 9 7 5 2 8 0

34 099 36 055 23 1 08 5 6  0 6 3

154 114 22 157 47.5 36 1 1 8 2  1 6 7

1.7 2.2 5 7 2.5

Reach 5 Reach 6 Reach 7 Reach 6 Reach 9 Reach 10

Mean SD

51.4 18.9

2 7  0 9 5

1 0

1 1 0 37

0 1 1

18 1

0

4 6  030

103 34

2.2

Mean S.D

66 7 16.8

2 5  0 5 7

1 018

12 0.4

0 1 1

174

0

4.4 0 72

14 8 12.8

2 2

Mean SD. Mean S.D. M e a n  S D Mea/i  S.0

90.4 23 6 7 6 1  2 1 9 9 5 . 7  1 0 9 63 1 338

2 0 2.3 0 45 2 4 0 64 2.9 1.1

1 0.18 1 1 0.29 1 0.19 13 0.67

14 068 15 0 62 18 0.64 2 1.2

0 5 1 0 2 1 0 8 1 0 3 1

30 5 16 1 185 193

6 3 1 4 9 0

4 9 0 34 5.7 0.67 2 7 0 67 4 7 0.95

21 a 41 7 1 6 4  9 . 4 5 26.9 11 4 21 7.5

2 6 2 7 2.8 3 3

Habitat Function Occurance

Unusable.

Summer: 100%

Occurance

85.8%

Occurance

20.5%

Occurance

100%

Occurance

100%

Occurance

100%

Occurance

80.3%

Occurance

100%

Occurance

89.2%

Occurance

100%

Winter: 14.2% 79.5% 19.7% 10.8%

Spawning
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Table 8. Mineral Creek reach data.

Habitat Variables
Embeddness (%)
Bank StabMy
Bank Cover

lnstream Cover

Pool-Rrffle  Ratio

Acting Debris (#I1 OOm)

Pnmary Pools (#/Km)

Gradrent  (%)

Avg Depth (cm)
Avg. Stream Width (m)

Reach 1 Reach 2 Reach 3 Reach 4

Mean S D. Mean S D Mean S.D. Mean S.D.
57 26.1 78 7 22 81.7 20 6 61.2 29.5
2.6 11 ia 056 1 7 054 1.9 0.76
3 5 1 1 3 1 3 2.8 1.21 2.9 1.1
4 0 79 3 4 1.5 2 6 1 3 3 6 0.71

0.2: 1 0 4:l 0 2.1 0.3:l
18.6 46.3 40 40.3
7.6 83 71 5.3
7 1 2 a l 17 4 6 1 6 8.3 2.47

17.2 91 198 11 20.7 10.5 20.1 20.7
2 5 2 7 2 9 2.3

Spawning Gravel (sq m) Spnng Fall Spring Fall Spring Fall Spring Fall

Poor 143 6 9 27 2 104 166 9 2 9.3 3
Farr 3

Good 45

3

Habitat Function Occurance Occurance Occurance Occurance
Unusable.

Summer. 97.3% 94 1% 78 8% 100.0%
Winter- 2.7% 5 9% 21.2%

Spawning-



Table 9. Whitcman  Crcck  reach data.

Habitat Variables

Embeddness (%)

Bank Stabrltfy

Bank Cover

lnstream Cover

PooLRIffle  Raho

Achng  Debris (Ml OOm)

Primary Pools (#/Km)

Gradient (%)

Avg Depth (cm)

Avg. Stream Width  (m)

Reach 1 Reach 2 Reach 3 Reach 4 Reach 5 Reach 6 Reach 7 Reach 6

Mcnn  S 0

31 6 40 3

43 12

26 08

43 08
0 2 1

30

48

33 136

144

2 2

Mean S D

31 4 27 2

28 12

27 06

34 12

0 2 1

37 3

3

153 71

17.7

2 7

Mem S D

96 109

11 03

23 09

28 08
1 5 1

196

167

19 08

8 6

M e a n  S D  M e a n  S D

82 28 5 38 32 1

24 1 4 2  1

17 1 17 08
19 12 3 3  1

0 2.1 0 2 1

30 5 29 4

9 2 6

54 37 a 2 3

10 6 114 143 51

3 2 7

Mean S D  Mean SD Mean S D

53 9 31.2 46 8 31.9 28.3 37.5

3 8  066 4.3 0.6 4 6  051

2 0 62 ia 0 64 1.7 08
2 8  0 97 2 8  1 3 6  0 83

0 3 1  0 4 1  0 3.1

24 1 18 26.9

15 5.7 6 7

65 12 76 25 14.1 7 3

141 46 15.6 6 15.7 4 7

2 7  2.3 2

Spawning Gravel (sq mJ Spring Fall Spring  F a l l  Spring Fall Spring Fall Spring Fall Spring Fall Spring Fall Spring Fall

Poor 0 4  0 5  6 20 12 9 1 0 5  3.9 3 7 4 5  1 1

Fair

Good

Habitat Function Occurance

Unusable: 18.5%

Summer. al .5%

Winter:

Spawning:

Occurance

100%

Occurance

5.8%

94.2%

Occurance

91.4%

8.6%

Occurance

100%

Occurance

100%

Occurance

5.1%

88.9%

6.1%

Occurance

92.5%

7.5%
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Table 10. Indian Creek reach data.

Habitat Variables

Embeddness (%)

Bank Stabikty

Bank Cover

lnstream Cover

Pool-Riffle  Ratlo

Acting Debns (#IlOOm)

Primary Pools (#/Km)

Gradient (%)

Avg Depth (cm)

Avg Stream Width (m)

Spawning Gravel (sq m)

Reach 1

M e a n  S D

a4 23 2

2 6 0 a9

2.1 1

2 3 1 3

12.1

20 a
117

1 5 17

30 3 134

7.7

Reach 2

Mean S D

57 4 24.9

3.1 0 aa
21 0 aa

2 9 0 99

02 1

22 3

0

1 4 0 97

168 4 5

5 4

Reach 3

Mean S.D.

37 9 19.41

3.4 0.82

2 4 0 a5

3 0 71

0.1 1

16

ia

6 5 3 23

148 7 9

3 6

Spring Fall Spring Fall Spnng Fall

Reach 4

Mean S.D.

42 4 la.7

3.2 0.62

2.4 0.77

2.7 0.59

0.1 1

5.7

1.9

38 0 a3

12.4 5.3

2.6

Spring Fall

Poor- 23.3 13 1 68 68 6 15 115 5.5

Fair: 1795 131 5 20 10

Good- 20 5 16 5

Habitat Function Occurance Occurance Occurance Occurance

Unusable: 04%

Summer- a6 4% 100% 98.1% 100%

Winter 13 6%

Spawnrng: 1 5%
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‘I’ahlc 1 I. (‘c&w (‘t-c& reach datu.

Habitat Variables

Embeddness (%I

Bank Slabrlrty

Bank Cover

lnstream Cover

PooLRIffle  Raho

Actrng Debns (#IlOOm)

Pnmary Pools WKm)

Gradrent  (%)

Avg Depth (cm)

Avg Stream Width (m)

Reach 1 Reach 2 Reach 3 Reach 4 Reach 5 Reach 6 Reach 7 Reach 6

Mean SD.

57.1 30 3

3 6  0.55

4 1.22

36 1 14

081

173

133

7 0 35

174

33

M e a n  S D

37 6 16 1

3 7  0.67

31 1 06

3 6  1 04

0 4 1

114

a 5

78 1 69

20 a

38

M e a n  S.D M e a n  S D  Mean SD.

42 7 126 26.1 133 38 3 119

4 0 5  4 9  0.29 4 0 38

3 2  0 67 4 2  0 67 3 7  0 62

31 1.05 3 6  1 36 3 9  0 a3

0 5:l 0 7.1 0 7:l

7.4 16 1 11 1

14 a 61 2 2

7 4  1 75 1 5 9  3 9 9  10 7 2 02

22 2 20.2 24 3

4 2  51 4 5

M e a n  S D  M e a n  S.D

27.1 14.9 29.9 14.4

4 0.62 4 6  0.52

33 07: 28 0.63

38 1 05 3 9  0 aa

1 2.1 1 1

5.4 2

a 3  3.3

127 3 153 41

28 2 26.6

41 3.2

M e a n  S.D

36.5 17.4

4.3 0 45

3.3 0.75

38 0.94

06.1

6

2 6

10 7 2 24

30 6

4 3

Spawning Gravel (sq m) Spnng Fall Spnng Fall Spnng Fall Spring Fall Spring Fall Spring  F a l l  Spnng Fall Spring Fall
Poor 4 2 4 1 11.7 7 2  1 3 1.3 3 0.a 1.5 0 5  7 3 0.5 1 1.5
Farr l a  5 31 a l o  5 5 3.5 3.5 1.5 10 4 7 2

Good 20 115 08 0 4 3.5 3.5

Habitat Function Occurance Occurance Occurance Occurance Occurance Occurance Occurance Occurance

Unusable: 7.2% 1.6%

Summer, 100%

Winter:

Spawning:

83.3%

16.7%

70.3%

19.3%

10.4%

84.3%

11.3%

45%

92.0%

8.0%

81.1%

18.9%

83.2%

9.7%

87.5%

10.9%

27



Table  I I . (‘cdar  C’reek reach data.

Habitat Variables

Embeddness (%)

Bank Stabrlrty

Bank Cover

lnstream Cover

Pool-Riffle Ratio

Acting Debris (#I1 OOm)

Primary Pools (#/Km)

Gradient (%)

Avg Depth (cm)

Avg Stream Width  (m)

Reach 9 Reach 10 Reach 11 Reach 12 Reach 13 Reach 14

M e a n  S D

33 7 125

4 1.25

3 2 081
38 0 74

0 4 1

13

5 6

a 7 2 26

27 3

4 3

M e a n  S D M e a n  S D

36.1 l a 4 40 2 20.7

3 6 0 64 31 0 94

3 4 0 77 3 0 9

3 4 1 27 2 9 i 28

0 1 1 0 2 1

4 7 9 4

7 2 5 6

6 1 55 3 9 0 98

ia 179

4 2 3 9

M e a n  S.D M e a n  S D M e a n  S D

49 5 24.2 6 3 7  2 9 3 68 1 21 4

3 2 0 aa 3 1.07 3 3 0.71

3 3 0 95 2 7 i ia 2 7 0 93

3 3 1 26 3 1 44 28 1 05

0 1 1 0 4 1 0 2 1

157 193 9 7

a 3 17 1 9 3

38 1 01 2 2 0 91 2 7 0 94

16 a 24 7 22 1

41 5 48

Spawning Gravel (sq m) Spnng F a l l Spring Fall Spring Fall Spring  F a l l Spring Fall Spring  F a l l

Poor 1 6 0 3 2 0 5 7 7 3 3 27 27 13 13

Fair 135 6 9 5 10.5 5 16 31 32 5 1675 1475 175 14

Good, 5 5 14 14 20 10 9 a 42 5 38 5

Habitat Function Occurance Occurance Occurance Occurance Occurance Occurance

Unusable:

Summer: 90 5% 98.1% 94 2% 96.1% 67.5% 85.7%

Winter: 9.5% 1.9% 58% 3.9% 28.1% 14.3%

Spawning: 4.4%
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PopIution  Density*

I\-lill Creek (Figure 7 & 8). Cee Cee .4h Creek (Figure 9 & IO), Whiteman Creek
(Figure 11 & 12). Indian Creek (Figure 13 & 14) and Cedar Creek (Figure 15 & 16)
exhibited non-native salmonid  populations that heavily outnumbered the native salmonid
populations (98.3 non-nati\-e  salmonids!  OOm’ - 10.5 native salmonids/100m2).

Brook trout \vere  the most abundant species found in these streams and
throughout the stud? area (115.9:1  OOm’).  These streams were also similar, in that, the
brook trout populations contained representatives for nearly all age classes.

Cutthroat Lvere generally obsened in isolated areas of higher quality habitat.
Fourth of Jul!. Creek (Figure 17 & 18) \vas the only stream that had a higher density of
native  salmonids (40.1 cutthroat’1 OOm’ - 1.1 brook trout’1  OOm’). Three fourths of the
cutthroat population in Fourth of Jul\. vvere juvenile fish and brook trout were only
recorded immediately abo1.e  the confluence \vith  East Branch LeClerc Creek. Mineral
Creek (Figure 19 & 20) \vas the only stream that had relatively similar densities of native
and non-native species (16.5 brook trout’1  OOm2 - 13.2 cutthroatllOOm2).  Cee Cee Ah
Creek and Indian Creek data indicate multiple non-native species. Brovvn trout (Salmo
tnrtta)  were  recorded in both streams and rainbow trout (Oncorhy~hus  mykiss) were
recorded  in Indian Creek as \vell.  Cedar Creek \vas the onl?  stream sumeyed where a bull
trout \vas found in an official snorkel station. Brook trout were more abundant
(30.6.‘100m’)  than either cutthroat (5.91100m’)  or bull trout (O.l!lOOm*)  for this stream.
Although brook trout \vere  more abundant in the stream as a vvhole.  they were associated
\vith the lower portion of the stream and especially in close proximity with the dam.
Cutthroat vvere mostly associated \\ith the higher quality habitat of the upper reaches (l-

9). Cutthroat vvere found in e\.ery  snorkel station above the dam and contained
representativ.es  for each age class (Figure 16). Three bull trout were identified during
snorkel training sessions. one in \lill  Creek. one in East Branch LeClerc  and an
additional one in Cedar Creek.
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Fi&re  11. Species density for three fish stations on %‘hiteman  Creek.
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Figure 12. Density of brook (A) and cutthroat trout (B) stratified by length frequent)
for three fish stations on \I;%iteman  Creek.
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I~~h~idixtio~i  m.s~~.s.st~wtit  of brook  trotrt  trrttl  Ml h-out

There \\‘as no indication of bull trout or h:.brids  among the 300 samples collected.
In order to determine DS.A markers or a bull trout. a specimen from Lake Pend Oreille
\\-a~ used. The spernl from this bull trout was crossed \vith  eggs from a female brook
trout to establish a h!-brid  and determine the DNA markers for the hybrid. Some banding
patterns \\ere consistent \\ithin the brook trout. ho\ve\.er  some samples contained extra
bands that \\.eren‘t  present in an>. of the knolvn  samples. This can be attributed to
differences within species. The \-aried  size of some amplified product can also be
attributed to genetic variation  among the species. i.e. the size range between 23Obp and
24Obp seen  in the brook trout it-hen  using microsatellite EP 5-6 (see Table 12).

In some instances there \i’t‘re bands present in the h!.brid  that lveren’t  present in
either of’ the parent bull or brook trout. Banding patterns present for brook trout. bull
trout and hybrids art’ listed in Table 12.

Table 12. Three random amplified polymorphic  DSA markers (RAPDs) and t\vo
microsatsllite primers used for identifying  all brook trout. bull trout and hybrid samples.

RAPDCS31:
Brook trout - 20 1 bp. 3Ubp. 115bp.  580bp. 600bp. and 800bp.
ll\.brid trout - 201 bp. ?50bp.  4lObp.  585bp. 63Obp.  800bp. and 1018bp.
Bull trout - 201 hp. 360bp. 4 1 Obp. 59Obp.  650bp. 800bp. 900bp. and 1018bp.

RAPD CS32:
Brook trout - 195bp.  38Obp. 506bp.  53Obp.  6OObp.  640bp.  850bp,  900bp. and 1200bp.
tI>.brid trout - 195bp.  38Obp.  506bp. 53Obp.  640bp.  850bp. 900bp,  and 1150bp.
Bull trout - 195bp.  506bp. 53Obp.  6lObp.  750bp. 850bp.  and 1300bp.

RAPD LBC 502:
Brook trout - 370bp.  850bp. 980bp. 1018bp.  and 1300bp.
I I>.brid  trout - 37Obp.  45Obp. 6OObp.  850bp.  1 1 OObp. and 13OObp.
Bull trout - 370bp.  450bp.  6OObp.  650bp. 1200bp.  and 1300bp.

3licrosatellite  EP l-2:
Brook trout - 100bp.  and 33Obp.
11) brid trout - 1 OObp.  and 3OObp.
Bull trout - 1 OObp. and 270bp.

\licrosatellite  EP 5-6:
Brook trout - 1 OObp and bet\\ ccn the regions of X0-240bp.
I I>.brid  trout - 1 OObp. and 220bp.
Bull trout - 1 OObp.  and 201 bp.



Discussion

Bull  ~rotrt cm1 mtthrou/ mmt huhitcrt  trssesstnetrt

The highest rates of embeddedness  lvithin  Mill Creek generally occurred with the
lo\\.est  gradient areas. .A general characteristic of 1lill  Creek is a poor lvidth-depth  ratio.
this could be due to remo\.al  of riparian vegetation. Furthermore. the potential for woody
debris  recruitment has been rerno\.ed.  The amount of large and small woody debris
currentl!.  in portions of the stream is greater than Lvhat would have been deposited
naturalI>.. This is a function of large Lvoody  debris deposition from land use activities
around the stream. The o\.erabundance  of \vood\.  debris encourages increased sediment
deposition in areas \vhere  pools and spa\vning  gra\.el  are present.

The low pool-riffle ratio indicates riffle habitat is dominant in all reaches of CCA
Creek but t\\-o reaches. Prinxq pools \\.ere  limited in numbers throughout the entire
stream sur\-e>.ed.  Reaches 4. 5. and 6 \wre identical in the respect that they all contained
the lo\\vst  instream  col’er.  primar!.  pool counts. and pool-riffle ratios. The low Lvidth  to
depth ratio of these reaches highlight this area as predominately riffle habitat with a lack
of‘ holding Lvater.

Fourth of July Creek is highl!-  embedded xhile  haling a generally high gradient.
The presence of cattle leads to poor bank stabilit!.  and sediment deposition in reach 3.
Reduced riparian \.egetation  has increased lateral channel incision further adding to bank
instabilit)  and sediment problems. The ad\.erse  impacts of land-use practices have
contributed  to sufficient  amounts of sediment to alter the morphology of this reach. The
upper reaches are noteworth\.  in other respects. in that. they have large amounts of
spa\\ning  gra\.els. Lvinter  habitat and fair pool-riffle ratios. The louver  reaches of Fourth
of Jul\ Creek. specificall!.  reach 8. 1laL.e uniformly poor pool-riffle ratios and display a
lack of pool habitat \\-hich  could potentially limit the holdin,(1 \\.ater for migration of adult
spalining  tish. III addition there  is a lack of \\intering  habitat for ju\.enile and adult fish
msiding  in the louver  reaches.

Cattle are present alon,(7 most of \I’hitrman Creek which contributes to poor bank
stabilit!-  and sediment deposition. primarily in reach 4. This reach contains a large beaver
pond \\hich acts as a sediment trap for the upper reaches possibly eliminating large
amounts of sediment deposition in lower reaches. All reaches had poor pool-riffle ratios
and a lack of winter habitat. Reaches 5 and 6 have low bank and instream cover. The
close  prosimit!~  of these reaches to the confluence of \\.est Branch LeClerc  Creek make
them good  staging and spawning e(Irounds  to !lu\.ial  populations. Ho\vever.  the lack of
pool habitat inhibits both adult holding and jmenile  rearing.

\lineral  Creek exhibited high cmbeddedness  rates. poor bank stability. and poor
pool-riftle ratios. The presence of cattle and reduced riparian \.egetation  has increased
lateral channel incision further adding to bank instability and sediment problems. The
ad\.crs~ impacts of land-use practices 1laL.e contributed to sufficient amounts of sediment
to altc’r  the morpholog!.  of this stream. Riffle habitat is dominant throughout the stream.
indicating a lack of \\.inter  habitat and primar?- pools.
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The main limitation in habitat for Indian Crwk is the lack of pools. Reaches 2. 3
and 4 art’ composed of essentially  all riftlr: habitat pro\-iding  \.irtually no Lvintering  or
holding lvaters.  These rcachcs  are also similar in that the>  exhibit low bank co\‘er.

Cedar Creek has the least degraded  habitat of all the tributaries assessed. All
facets  of the habitat arc‘ relati\-el\.  intact. Embeddedness is the best indicator of habitat
qualit>-  fo r  Ceda r  Crt‘c‘k. Ten  of the fourteen reaches fall below 45 percent
cmbeddedness. Those  reaches  that escccd this amount arc related  to old clearcut areas or
arc associated \vith a dam that has backed the sediment up into reach 13 and aided in
deposition  of sediment bclo\v  the dam. Bank stabilit>-.  bank co\.er  and instream  col’er  are
csccllent for the entire creek.  This stream  ccrtainl! exhibits  the least degraded habitat of
the streams assessed. CSpcCiall~~  in the upper  reaches.

\j’ithin  two snorkeling stations in Alill  Creek.  isolated areas of higher quality
habitat had a higher density of cutthroat. ho\vc\-er  the abundance of brook trout heavily
outnumbers cutthroat trout. Throughout most of the stream. habitat assessment results
indicated high tx~beddedness.  lo\\- number  of spa\vnin~  =1 [Tra\.els  and poor bank stability.

Cctl  Gee .-4h Creek  differ5  from most 01‘ the other streams assessed. in that t\vo
speclcs  of‘ non-nati\. e salmvnids \\c’rc’  rccordcd.  Bra\\-n  trout and brook trout \vere  not
~~nlv  morx abundant than the nati\c cutthroat but also  contained representati\.es of all age
classt’s.  unlike  cutthroat. l‘lic c~~mbination  of jcgradcd  habitat and the addition of
antjther  non-r1atiL.c  spccics  sppcars to turthcr  111~ decline  for cutthroat populations.

Fourth of Jul>-  held  the largc’st  &wit> c>f cutthroat trout and the lowest density of
brook trout for all streams sur\.c!ed.  The  majority of cutthroat found in this stream \vere
ju\.enilc fish. Brook trout \\crc onl!  recorded  immediatel~~  ab0L.e the confluence Lvith
East Branch of LcClerc  Crwk. High  gradient. beginning directly above the confluence.
ma\. limit upward mowment of brook trout. This may explain the increase density of
cutthroat trout by decreased interspccitic competition. The abundance of young cutthroat
ma!- indicate the \.alue of this tributary as a natal stream for fluvial  and!or adfluvial
cutthroat trout.

\jIiteman Creek had one of the greatest  densities of brook trout for all streams
sun-e\.ed.  The number of jwenile  brook trout compared to adults details a more stable
population of brook trout. Cutthroat age distributions detail a less stable population.
This stream has a similar steep gradient just aho\-e the confluence as fourth of July Creek:
ho\ve\-er.  there are considerably less spa\vning1 gra\-els  in upper II’hiteman.  This may
suggest that the quality and quantit\-  of spalvnin:,I habitat ha\.e greater impact on the
numbers of ju\.enile cutthroat than accessibility or that brook trout had not been
introduced to the upper reaches of Fourth of July Creek.

\lineral  Creek fish stations indicated that densities of cutthroat trout and brook
trout are similar. Age distributions for both species include all age classes except “BIG”.
indicating relati\.ely  stable populations.

Indian Creek fish stations differed from all streams sur\.eyed  in that three non-
nati\‘e  species \\ere recorded and IN nati1.c  fish were  recorded. This data Lvould  seem to
suggest  this stream has little  \-aluc  in terms of enhancing for nati\‘e  salmonids: holve\.er.



bull trout ha\,e  reported]!  been caught in the Pend Oreille at the mouth of Indian Creek
and cutthroat \vere  obser\.ed  during electroshocking for genetic sampling.

Cedar Creek is the only stream sun.e\,ed Lvhere  a bull trout was found in an
official snorkel station. Although brook trout \sere more abundant in the stream as a
\\-hole.  they were more closely associated \vith  the louver  portion of the stream and
<specialI!.  in close prosimit?  \vith  the Cedar Creek dam. Cutthroat Lvere  mostly
associated \vith the higher quality habitat of the upper reaches (reaches l-9). Cutthroat
\wre found in e\.ery  snorkel station ab0i.e  the dam and contained representatives for each
age class.

Brook trout \vere  the principle species in all but one snorkel station during the
!ield season 1995. Behnke (1979) described how  clearcutting along two streams in the
Smith Ri\.er  drainage of \Iontana increased erosion. sediment loads. and Lvater
temperatures; the \vestslope  cutthroat trout population \vas eliminated in the disturbed
area. and brook trout \vas the principle species. The habitat assessments during field
scason  1995 would solidif!-  that the habitat is disturbed. primarily due to land use
practices.

f-I\.ht-idizutiotl  uss~ssttictit  c?f‘ht-oak  irotit  LI~~LI hull  troul

Bull trout and brook trout ha\.e been shown to h\.bridize  in streams Lvhere
interaction is not precluded (Leary  et trl. 1993) The lack of hybrids found in this sample
is probably due to the limited number of bull trout in the streams sampled and in the Box
Canyon reach as a Lvhole.

In some instances there were  bands present in the h!,brid  that tveren’t  present in
either of the parent bull or brook trout. The most like]!- explanation is the competition
bet\veen  sites for amplification. The band that is present in the hybrid might actually be
present in one or both of the parents but because of stronger amplification sites near this
\\-eak @on it doesn’t get amplified. These more strongly amplified regions might not be
present in the hybrid allo\ving  amplification of the waker region.

Also. in some instances the presence of a strongI>,  amplified region close to that of
a weaker region can create a drag effect in the Lveaker  region. This effect interferes kvith
the true mobilit:,  of the Lveaker  region.

Gctwt-ttl  disctissiotl

\Iill  Creek. Cee Gee Ah Creek. Indian Creek and the LeClerc  Creek tributaries all
exhibit  reaches \vith highI>.  degraded stream conditions. These degraded conditions
include limited \\.inter  habitat. limited spa\vning  habitat and high embeddedness. Lvith
wdimcnt as the most pre\,alent  problem. Sediment. in the amounts found in the priorit)
tributaries. has ad\wse impacts on salmonid  reproduction. salmonid  rearing. invertebrate
production. species di\.ersit!-. bedload  transport. \vater  quality. and stream depth
( JlacDonald  ef rrl. 1991. Beschta  and Platts 1986. Hynes 1970). Embeddedness rates for
all of the surveyed  stream reaches \vere  greater than 25 percent. The lowest
cmbeddcdncss rate for a reach sur\.e\.ed  \vas 26.1 percent; ho\vever.  the lolvest  mean
embed rate for an entire stream was 4 1.8 percent and lvas as high as 86.2 percent.



Stream degradation. in terms of increased sediment. has direct impact on salmonid

populations. It has been recorded that embeddedness of greater than 20 percent  limits

salmonid  ale\.in  emergence from interstitial spaces by 30 to 40 percent (Hynes 1970).
Studies ha\.e  described bull trout sur\i\.al  rates to emergence at nearly j0 percent in
substrates containing 10 percent or less fine  materials and zero percent sun.ival in
substrates containing 50 percent or greater fine materials (\i’eaver et al. 1985). Bull
trout’s long o\.er\\.inter  incubation and de\.elopment  make them particularly vulnerable to
increases in fine sediments  and degradation of 11.ater quality (Fraley and Shepard 1989).

..Ilthough  stream  degradation is detrimental  to native salmonids. it generally
fa\.ors  introduced salmonid  species. Behnke  (1979) described how clearcutting along t\vo
streams in the Smith Ri\.er  drainage of Ylontana  increased erosion. sediment loads and
water temperatures. The \vestslopc  cutthroat population Leas  eliminated in the disturbed
area and brook trout became the principle species. IJo\ve\.er,  a small area in the
headwaters of one stream \vas not logged and an indigenous cutthroat population still
dominated in that reach. Platts (1974) also reported that cutthroat were common only in
undisturbed reaches of streams in the Salmo Ri\.er  drainage of Idaho. This supports the
argument that protection of high qualit!.  habitat is essential for the continued existence of
westslope  cutthroat populations (Liknes  and Graham 1988).

The o\.erall  reduction of the median bed material particle size is one of the most
m~~uno~~  and probabl\.  the most damaging effects of land-use practices in forested
strc’ams.  Reduction  in particle size in tvd material directI\.  affects the flo~v  resistance in
the channel. and the stabilit!.  of the bed ( IJcschta  and Platts 1986). If the bed is composed
solely of fine materials. the spaces  bet\\cen particles  arr’ too small for many organisms.
Coarser materials pro\.ide  a \.aricty of small niches important for all small fish (e.g.
ju\-enile  salmonids) and bcnthic  in\-crtebrates  ( JIacDonald  et al. 1991).

There is some e\idsnce that increased deposition of fine materials may be
partiall!.  self perpetuating. In some cases the occurrence of bedload  transport is delayed
when  interstitial spaces are filled \\ith sediment. resulting in a decreased frequency of
bedload  transport (\lacDonald P[ ~rf. 1991). This ivould  provide more opportunity for
sediment deposition. and limit the frequent!. at \\.hich  sediment is washed out during high
flow et-ents.  This can explain the lack of pools and the poor pool-riffle ratios throughout
the streams sur\.e!.ed.  The threshold of sediment \\.hich  can be transported may have
been  exceeded.  and therefore. sediment is not being transported through the system.

The rrmo\.al of riparian \.cgetatinn  alters bull trout and cutthroat trout habitat b>
reducing recruitment of \\.oody  debris and opening the canopy (Oli\*er 1979. Shepard et
tri.  1984. Elliot 1986. Goetz 1989. Buckman  P[ (11. 1992). Instream woody debris serves
an important habitat function. Bull trout juveniles ha\.e been found to heavily utilize
\vood\ debris in low flow areas and side channels (Goetz 1991). Adult bull trout were
found to use \\.oody  debris as co\w and territor? to occupy \vhen  in competition lvith
other species (Shepard L’I ~1. 198-l. Oli\.er  1979).

The remo\.al  of riparian \.egetation  also increases the mean stream temperature.
Increased  temperatures may increase cnmpetition  \vith more temperature tolerant species.
such as brook trout. bro\\n trout and rainbow trout (Ratliff et al. 1992). Higher stream
tkmpc‘raturcs  are limitin,(1 to bull trout e”c sur\-i\.al. embno gro\\th rates and juvenilecc
gro\\th rates (\lcPhail  et (11. 1979. Shepard ef crl. 1984). The highest embryo survival



\\.as documented to be in 2-1’ C water (McPhail  CI trl. 1979. Bro\vn  1985, Carl 198 5).
Bull trout prefer to 1iL.e  in temperatures  rangin,(3 from j-l 2.5” C and fall spalsning does
not start until the water temperature is 9” C \\.ith  optimum temperatures at around j” C
(\lcPhail  et LII. 1979. \f-ydoski  CI ctl.  1979. \\?ea\.er  PI ~1. 198 5, Fraley et al. 1989).
Cutthroat trout are spring spawners that also prefer colder stream temperatures near 10” C
(Roscoe 197-l). This is \vh!- man!- of the interior cutthroat trout are found in small, high-
&\.ation streams abo1.e the upstream limit of brook trout (\iacPhee  1966, Griffith 1988).
Stream temperatur2s  ar2 twnerall\.  cooler at upstream sites dominated by cutthroat trout
than at do\vnstream  sites dominated b>. brook trout (De Staso and Rahel 1994). Cold
\\.ater  temperatures ma!. provide  a competitive advantage to cutthroat trout that allows
thtm to resist brook trout imasions (Fausch  1989).

These  t>.pes of stwam and riparian degradation were relatively common and can
1121~ to esplain the txo gerxral patterns eshibited in the streams suneyed;  1) non-native
salmonids were  more abundant \\ith general]!.  more stable populations and 2) native
salmonids were  consistentI>  found in higher quality habitat. Habitat degradation and
non-nati1.e  introduction in this region has led to the proliferation of those species,
predominantI!.  brook trout. It appears that brook trout ha\.e less restrictive habitat
wquiremsnts  and are more tolerant to habitat degradation . as they were found e\‘en  in the
poowst of habitats. This suggests that maintenance of high quality habitat and
~nhancemwt  of dsgraded habitat is ncwssar>-  in order to increase nati\*e populations and
strengthen  their communit>.  d\xamics.

The addition of more than one non-nati1.e  salmonid  appears to fixther the decline
of natiL.2  populations. Cee Cee Ah Creek contained both brook trout and brown trout as
\\-211  as cutthroat. The combination of habitat degradation and additional interspecific
competition ha1.e left this stream \\ith one of the lowst cutthroat densities surveJ,ed.
Indian Creek  had three non-native salmonids and no nati\*e salmonids were recorded.
This data would seem to suggest this stream has little \.alue in terms of enhancement for
native salmonids. Ho\ve\.er.  bull trout ha\.e been recorded in the Pend Oreille at the
mouth of Indian Creek (.Ashe  et (11.  1990). The limited number of bull trout found
throughout the tributaries of the Pend Oreillt:  lends the \.alue to enhancement of this
stream for potential adflu\.ial  bull trout runs.

Cedar Creek ma>-  represent the best habitat conditions of all the streams in the
Box Canyon Reach. This stream  eshibits the least degraded habitat of the streams
aswssed.  especially in the upper reaches. The amount of consecutive reaches exhibiting
quality habitat is unequaled. The cutthroat abundance and the presence of bull trout in
the upper  reaches support th2 argument that. gi\.en  higher quality habitat the native
salmonids can compete at lc’ast as \f.ell  as the non-nati\.es.  The upper reaches of Cedar
Creek  pro\.ide  data that describe a wlatii-ely  healthy stream that \vill be used as a
tluidclin2 for habitat goals for the remainder of the streams lvhere  enhancement is
iwscribsd.

E.wric hr-ook trmu retmml

Competition  lvith  introduced salmonids is often listed as a major reason for the
decline  of cutthroat populations (Linkes  and Graham 1988). Although introduced
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salmonids may have acti\.el>.  displaced Lvestslope  cutthroat trout from some waters, brook
trout and perhaps other introduced salmonid  competitors may have simply replaced
Lvestslope  cutthroat trout populations that had been depressed by other factors such as
high fishing pressure or habitat degradation (Griffith 1988). Brook trout tend to
outcompete cutthroat trout in streams containing more sediment and Lvarmer temperatures
(\!.ea\.er and Fraley 199 1).

Remo\.al  or suppression of these exotic species. primarily brook trout. may play a
role in the recoyec.  of cutthroat trout in some locations. Typical removal projects have
focused on small. head\vater  populations lvith  an upstream barrier and the introduced
species is remo\.ed upstream of the barrier. A good location for this is Cee Cee Ah
Creek. There is a lvaterfall  approximately four miles from the mouth which acts an
upstream migration barrier. Abo1.e this ivaterfall.  brook trout \vould  be removed in order
to reduce the interspecific competition and aid in the recovery of cutthroat trout.

Htrhittrr  enkincentent

Habitat enhancement has been sho\vn  to be an effective means of increasing
targeted fish populations (Hunt 1976). De Staso and Rahel  (1994) reported that, abiotic
conditions may determine \vhich  species of trout lvill dominate and species replacements
should be expected as conditions change. This approach has its difficulties, in that.
“ideal” conditions are difficult to define.  \\-hich  impairs ranking streams classified as
acceptable. Ho\ve\.er.  the assessment of habitat can define the problematic areas to the
reaches that ha\.e been clearly impacted by land management activities (MacDonald et al.
1991). Thus. defined areas for restoration can be located and designs for enhancement
can be applied. Since problematic areas ha\.e been identified, recommendations for
restoration activities \vill occur on Indian  Creek. Mill Creek, Cee Cee Ah Creek, Mineral
Creek. \Vhiteman  Creek and Fourth of Jul!. Creek.

The compilation of transect sur\.e\.s  and reach oveniekvs \vere  used to define the
most degraded reaches through interreach comparisons. The interreach comparison
within each individual tributary filtered out the specific reaches lvhere  these factors were
the most numerous for each particular stream (Table 13). The reaches with the most
numerous unsatisfactoF  habitat \,alues  \vere  identified as enhancement sites for that
particular stream. The habitat qualit).  \.alues  that did not fall Lvithin  the threshold values
\vere  addressed \vith specific structure or enhancement measure selection. Sixteen
reaches \vere  selected as the sites for enhancement projects.
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Table 13. Reaches of enhancement and their data compared to threshold values. 
Embeddedness Bank Bank Instrcam Pool - Riffle Spawning Primarv 

Stabilit? co\cr Coscr Ratio Gravel Pool&t 
_> j(l 01 5 711 ‘_ 2 5 <z 2 i 5 2 0 5 5 I or 3 lowest 3 1o\rest 

,ISI \ alues’srrcam 1 aluesistrea 
m 

\IILL 
Reach 4 
Reach 8 
CEE CEE 
AH 
Reach 4 
Reach i 
Reach 6 
FOIR’III OF 
.JI 1-i 
Reach 3 
Rrach 8 
\\ IIITt:\I.\V 
Reach 4 
Reach I 
Reach 6 

\IIUc:R-\I. 
Reach I 
Reach 3 
Reach 1 

I\;DI:\S 
Reach 2 
Reach 3 

Rca~h -I 

68 5 3 2 2 02 I 49.5 4.4 
xc 2 I8 I? I-l 06 I 11.5 12.6 

48 6 37 I I I (1 I I I.5 0 
il ‘I ‘7 I I I 0 I I 0 0 
66 7 25 I 12 0 I I 0 0 

82 6 ‘I 2’) 2-t 0 6 I ‘I9 56 
70 i 44 3 6 0 3 0 

82 ‘1 1: I9 071 ?I 9 
38 4’ I - 33 0’ I 15 26 

53 9 38 -3 ‘8 03 I 6.9 I.5 

57 26 3 5 1 (1’1 26 2 76 
81 7 I 7 2R ‘6 11 2 I 25 8 7.1 
hl 2 I9 2’) 56 03 I 9.6 5.3 

3: J 3 I ‘I 29 0 2 I 176 0 
37 9 ?J 2-l 3 0 I I 369 1.8 
.l2 .l :- : - 24 -’ 0 I I 36 I.9 
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Recommendations

Ripctr-im  m-c~~ cd instrecun  r-cstorrrtim

Riparian fkncin,(1 \vill be done in areas \vhere  cattle have affected bank stability
and disrupted the \.egetation  co\‘er  of the riparian zone. Fencing these areas \vill  help to
rc’storc  the riparian co\‘er  and lessen  the introduction of sediment into these streams. The
UC of‘ nati\x local \.arit’ties  of plants \vill help ensure the establishment of riparian
\.egctation.  Deciduous plantin 6 Gil  in\.ol\.e  the planting of trees such as \villows  (Sulk
.\pp.  ). red-osier d o g w o o d  (C’or-~zrs stolorl~ferw)  a n d  b l a c k  cottomvood  (Poptrlus
tt.ic.lloc.tr/.l,rr).  Coniferous planting will in\-ol1.e  the planting of trees such as u.estem
redwdar ( Tl~l!jtr  plicuto) and Englcmann  spruce (Picwr c~rl~~lenmnii).

The  data from the specific  reaches  identified in the interreach comparison Lvere
c\.aluatcd  in a ilo~chart  to pro\.ide  a list of possible  options for the types of structures or
mc’asurcs  to bc used in enhancement  (Figure 2 1). Each structure is designed to perform
spcci1ic  Uunctions  and require5  spccitic  habitat placement (Table 14). Specific structure
selt‘ction  \vas made  by rc\ie\ving  the list of options for enhancement and choosing the
structure  that addresses the limiting factors for each particular reach of enhancement.
Reach acccssihilit!-  was also considcrcd  \vhen  choosing bet\veen  structures \vith  similar
Uunction  but \-ar!-ing lc\.els  of‘ effort in their construction. Specific placement of the
structures \\xs determined  b\- the transects  \\ithin each reach  that \verc in the habitat type
each structure \vas dcsigncd  for.

Jlill  Creek (Figure 22)

Reach 4.
In order to increase the tlow  \.elocit\.  in this reach.  small \vood\-  debris Lvill  be

rcmn\.cd.  Increasing the \.elocity  \\.ill  decrease embeddedness for this reach.

Reach 8.
One log and bank structure will be constructed in three separate pool transects

(28-I. 285 and 286). These structures  ivill  provide  o\.erhead  co\‘er  and some stream bank
protection.
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Cover log Boulder placement L Cover log Beaver dam removal

Boulder placement Small wood removal Deflectors l Deflectors *
Cover log Wedge dam Channel constrictor
Deflectors ’ Kdam Channel block
K-dam Cover log
Small wood removal Log and bank

shelter
Channel constrictor Small wood removal

Channel block

E

Channel block
Boulder placement Cover log
Cover log Log  and bank
Log  and bank shelter

shelter
Channel constrictor
Cross log and

revetment

* Different kinds of deflectors include; single wing
deflector,  double wing deflector, log paired deflector,  log
deflector,  boulder  paired deflector,  and rock deflector
(jetty).

Cross log and L Log sill Jack dam
revetment Deflectors l

Small wxd removal Log upstream
Jack dam V-weir
Log sill Rock weir
Log upstream Log  weir

V-weir
Rock weir

Figure 2 1: Flowchart for indentified  reaches of enhancement and the possible  structures available for enhancement. Values derived
after Harrelson et ul. 1994, Macdonald 1991 and Hunter 1991.
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Table  14. Instream structures  arid the descriptions for placement requirements, function and impacts

Structure
Channel Constrictor

Habitat
Riffles
Runs
Glides

Log Deflector Riffles When possible, divert water into a
Glides relatively stable section of stream
Runs bank

Suitable for a variety of sites
Most suitable in wide shallow riffles

Log Paired Deflector Riffles
Runs
Glides

Rock Deflector Riffles
Runs
Glides

Boulder.Paired  Deflector Riffle
Runs
Glides

Stream  Requirements
Provides best results when placed
in long, straight, low-gradient
stretches of stream.

Especially suitable for shallow
sections of stream where the
gradient is too steep for effective
deflector and cover log.

When possible, divert water into a
relatively stable section of stream
bank
Suitable for a variety of sites
Most suitable in wide shallow riffles

Especially suitable for shallow
sections of stream where the
gradient  is too steep for effective
deflector and cover log.

Purpose Impacts
Provides overhead
cover
Narrows channel
Scour and deepen
streambed

+ Scours the streambed
+ Increases velocity
+ Helps transport sediment
- May concentrate sediment below structure
+/- Incises the channel

Constricts and diverts + Constricts and diverts water flow
water flow so that +I- May cause deposition of sediment just below
pools are formed by structure towards bank
scouring + Directs meander
Creates spawning
gravel

Creates mid-channel + Narrows channel
pools through + Scours a pool below structure
scouring +I- May cause deposition of sediment just below
Creates spawning structure towards bank
gravel at tail-out of
pool

Directs flow from
cut bank
Directs meander
Scours pool

+ Constricts and diverts water flow
+/- May cause deposition of sediment just below

structure towards bank
+ Directs meander .

Creates mid-channel + Narrows channel
pools through + Scours a pool below structure
scouring +I- May cause deposition of sediment just below
Creates spawning structure towards bank
gravel at tail-out of
pool

Note: “+‘I Indicates Positive Impacts and “-” Indicates Negative Impacts.
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Structure
K-Dam

Table  14. Instream structures and the descriptions for placement requirements,  function and impacts

Habitat
Riffles
Runs

Stream Requirements Purpose Impacts
Well defined stream banks Creates a fair to +I- Creates calmer water above the structure
Stream < 15 ft. wide excellent scour + Creates a scour pool below the structure
Gradient >5% pool +/- May act as a trap for sediment
Substrate consisting of: Creates spawning - Prone to undercutting of structure
rubble, cobble and gravel gravel at tail-out
Ideal locations are at a break of pool
in gradient with a steeper section
immediately upstream

Small Wood Removal Riffles Small wood must be acting as a silt Typically used to + Increases velocity
Glides
Runs

trap or inhibiting fish migration in
order to be removed
Typically used to increase velocity
and transport sediment

Channel Block Braided Channel Braided channel that is virtually

Tree Cover Riffles
Runs
Glides

Log 8 Bank Shelter Open Pools

Cross Log & Revetment Riffles
Runs

unusable

Suitable for a variety of sites
Greatest benefits probably occur
in wide shallow streams with sand
or gravel substrate

Suitable for use in low gradient
stream bends or meanders
Can be used with a deflector

increase velocity and
transport sediment
Helps expose
substrate

Consolidates flow
into a single, deeper
channel

Provides excellent
overhead cover
Increases stream
velocity
Transports sediment

+ Creates overhead cover
+ Directs current away from meander

Provides overhead
cover
Provides some
streambank protection

+ Transports sediment
+ Exposes substrate
+ Narrows channel

+ Concentrates flow into a single deeper channel
+ May increase velocity
- May concentrate sediment deposition downstream

+ Constricts wide shallow channels
+ Increases stream velocity
+ Transports sediment

Structure works best in low gradient Creates scour pool
sections of the stream Creates overhead
Works even better at the beginning cover
of wide, shallow bends with Protects the bank

+ Creates a scour pool
+ Protects bank

mar inal pools or cover
Nc!e:  “+I Indicates Positive Impacts and “-” Indicates Negative Impacts.
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Table  14. Instream structures and the descriptions for placement requirements, function and impacts

Structure
Wedge dam

Habitat
Riffles
Runs

Boulder placement Riffles
Runs
Glides ’
Open Pools

Cover log Open Pools
Runs

Single-Wing Deflector Riffles When possible, divert water into a
Glides relatively stable section of stream
Runs bank

Double-Wing Deflector Riffles
Runs
Glides

Stream  Requirements
Well defined stream banks
Stream c 30 ft. wide
Gradient >5%
Substrate consisting of:
rubble, cobble and gravel
Ideal locations are at a break
in gradient with a steeper section
immediately upstream

Greatest benefits in currents
exceeding 2 feet per
second
Suitable for any size stream

Works best in meanders or in
conjunction with deflectors
Requires adequate water depth
(at least 8” deep)
Suitable for any size stream

Suitable for a variety of sites

Purpose
Creates a fair to
excellent scour
pool
Creates spawning
gravel at tail-out
of pool

Provides overhead
cover and resting
areas
Creates natural
appearance

Provides optimum
cover

Impacts
+/- Creates calmer water above the structure
+ Creates a scour pool below the structure
+/- May act as a trap for sediment

+ Creates pocketwater behind boulder
+ Added depth is also created by the scouring resultin
from reduced channel capacity and increased current
velocity

+ Creates overhead cover
+ Directs current away from meander
- May cause unwanted bank cutting

Constricts and diverts + Constricts and diverts water flow
water flow so that +/- May cause deposition of sediment just below
pools are formed by structure towards bank
scouring + Directs meander

Most suitable in wide shallow riffles Creates spawning - May cause unwanted bank cutting
gravel

Especially suitable forshallow
sections of stream where the
gradient is too steep for effective
deflector and cover log.

Creates mid-channel + Narrows channel
pools through + Scours a pool below structure
scouring +I- May cause deposition of sediment just below
Creates spawning structure towards bank
gravel at tail-out of - May cause unwanted bank cutting
pool

Note: “+” Indicates Positive Impacts and I’-” Indicates Negative Impacts.
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Structure
Jack Dam

Log Sill

Log Upstream V-Weir

Rock Weir

Log Weir

Beaver dam removal

Table  14. Jnstream structures  and the descriptions for placement requirements, function and impacts

Habitat
Riffles
Runs

Riffles
Runs

Riffles
Runs

Rifftes
Runs

Riffles
Runs

Long Pools

Stream  Requirements
High banks
Moderate to steep gradient

Well defined stream banks
Stream < 15 ft. wide
Gradient ~5%

Well defined stream banks
Stream < 15 ft. wide
Gradient ~5%
Works well in sand and gravel
substrate

Well defined stream banks
Stream c 15 ft. wide
Gradient ~5%

Well defined stream banks
Stream < 15 ft. wide
Gradient ~5%

A beaver dam in the in the lower
2/3 of the stream
A beaver dam that may inhibit fish
passage

Purpose Impacts
Produces deep scour +I- Creates calmer water above the structure
pools + Creates scour pool

Creates scour pool +I- Creates calmer water above the structure
May create spawning + Creates a scour pool below the structure
gravel +I- May act as a trap for sediment

Creates deep plunge
pool
Creates spawning
gravel at tail-out
of pool

Creates scour pool

Creates scour pool

Narrows channel
Exposes substrate

+I- Creates calmer water above the structure
+ Creates a scour pool below the structure
+/- May act as a trap for sediment

+I- Creates calmer water above the structure
+ Creates a scour pool below the structure
+I- May act as a trap for sediment

+/- Creates calmer water above the structure
+ Creates a scour pool below the structure
+/- May act as a trap for sediment

- Releases a large volume of sediment downstream
+/- Incises the channel
+ Decreases sediment upstream
+ May expose substrate such as cobble, gravel and
boulders

Note: I’+” Indicates Positive Impacts and “-” Indicates Negative Impacts.
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Figure 22. Mill Creek reach and transect locations for enhancement.
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Cee Ccc Ah Creek (Figure 23)

Reach -1.
One K-dam \vill be constructed in three separate riffle transects (139, 140 and

l-11  ) to increase pool-riffle ratio and primaq pools by scouring action in shallow sections
of stream. Increasing pools in the stream \\ill increase ivinter  habitat and instream  cover.
Spa\vning  gra\.el  lvill  increase at the tailout  areas of the pools.

Reach 5.
One cross log re\.etment  structure Lvill  be constructed in three separate riffle

transects (153. 153 and 155) to create scour pools. The revetment logs will provide
o\.erhead  co\.er.  as \vell  as. protect the banks. These structures \vill provide instream
co\.er.  bank co\.er.  increase pool-riffle ratio and increase winter  habitat. They may also
pro\idc pockets of spa\\ning gra\.el  in the tailout  areas of pools. These structures present
a more natural appearance. which was important in this reach as it is bordered by a
campground.

Reach 6.
011s log upstream  \.-\veirs  \vill be constructed in three separate riffle transects

( 17-1. I75 and 176) with  a transect separation betlveen  each structure. These structures
\vill create  deep plunge pools and spa\\-ning  gra\.els in the pool tailout.

Fourth of July Creek (Figure 2-I)

Reach 3.
Riparian fencing and planting \vill be done in this reach. Fencing will be

constructed at the start of the reach. One km of creek ivill  be fenced 15 m from the
stream on both sides. Riparian planting lvill accompany the fencing project. The
deciduous trees and shrubs to be planted \vill be 3000 dog\voods  planted on 3m centers
\\.ithin  the fenced area (Zierke 1993). Coniferous trees (Englemann spruce and western
redcedar) \vill be planted outside the fenced area on 4m centers (Heron 1996 pers.
comm.  ). 1000 Englemann spruce and 1000 western redcedar  seedlings will be planted in
random order of differing species. Fencing the riparian zone will allow the area to
reco\.er. increasing bank stability. decrease the Lvidth  to depth ratio, reduce
embeddedness. and increase instream  col’er.

Reach 8.
III order to increase flow velocity. small Lvoody  debris Lvill  be removed. Increased

\.elocit!.  \vill decrease the embeddedness for this reach. One Medge  dam will be
constructed in three separate riffle  transects (121. 122 and 123) after the small woody
debris remo\.al.  These measures xi11 provide  an increased pool-riffle ratio and increased
spalining  gravel.
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Figure 23. Gee Cee Ah Creek reach and transect locations for enhancement.
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Figure 24. Fourth of Jul\. Creek, \l’hiteman Creek and Mineral Creek reach and transect location for enhancement.
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N’hiteman Creek (Figure 24)

Reach 4
Riparian fencing and plantin,0 Lvill  be done in this reach. Fencing Lvill  be

constructed at the start of the reach. One km of creek Lvill  be fenced 15 m from the
stream on both sides. Riparian planting \vill accompany the fencing project. The
dsciduous trees and shrubs to be planted \vill be 3000 dogwoods planted on 3m centers
x\ithin  the fenced area (Zierke 1993). Coniferous trees (Englemann spruce and western
redcedar)  \vill be planted outside th2 fenced area on 4m centers (Heron 1996 pers.
comm.). 1000 Englemann spruce and 1000 ivestern  redcedar seedlings will be planted in
random order of differing species. Fencing the riparian zone \vill allo\v the area to
reco\-er. increasing bank stability. decrease the width to depth ratio. reduce
cmbeddsdness.  and increase instream  cover.

Reach  5.
One wedge dam \vill be constructed  in three separate riffle transects (85, 86 and 87) to

increaw primary pools. This \vill also increase \vinter  habitat. pool-riffle ratio and
increax spa\vning  habitat in the tailouts.

Reach 6.
One double \ving deflector \\ill be constructed in three separate riffle transects (99.

100 and I01 ). By constricting the channel and creating mid-channel pools. these
structures \vill increase pool-riffle ratio. increase Lvinter  habitat. provide cover and
increase spa\ining  habitat.

>lineral Creek (Figure 24)

Reach I.
One double \\.ing deflector \\.ill be constructed in three separate riffle transects (9. 10

and I I ). B\- constricting the channel and creating mid-channel pools, these structures
will  incmase  pool-riffle ratio. increase  winter habitat. provide cover and increase
spa\vning  habitat.

Reach 3.
Riparian fsncing and planting \vill be done in this reach. Fencing kvill be constructed

at the start of the reach. One km of cresk ivill be fenced 15 m from the stream on both
sides. Riparian planting \vill accompany the fencing project. The deciduous trees and
shrubs to b2 planted \\ill be 3000 dog\voods  planted on 3m centers lvithin  the fenced area
(Zicrk 1993).  Coniferous trees (Englemann spruce and Lyestern  redcedar) Lvill  be
planted outside the fenced area on 3m centers (Heron 1996 pers. comm.). 1000
Englcmann spruce and 1000 western redcedar  seedlings \vill be planted in random order
of differing species. Fencing the riparian zone \vill allo\\-  the area to recover. increasing
bank stability. decmase  the Lvidth  to depth ratio. reduce embeddedness. and increase
instreani  co\w.
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Reach 4.
Remo\.al  of acting debris \vill be done in this reach. This will allow increased flow

\.elocit\.  to scour pools. decrease embeddedness and increase spawning habitat.

Indian Creek (Figure 25)

Reach 2.
One channel constrictor \vill be constructed in tlvo separate riffle transects (21 and

22). These structures \vill narrow the channel and deepen the midstream section of the
stream. The\.  also help to scour substrate and increase sediment transport.

Reach 3.
One double-\ving  deflector \vill be constructed in three separate riffle transects (57,58

and 59). These structures create midchannel pools through scouring and create spawning
habitat at the tail-out of the pools.

Reach 4.
One log Lveir  \vill be constructed in three separate riffle transects (117,118 and 119).

These structures create scour pools and ma>. expose spaivning  habitat. Beaver dams at
the end of this reach and at the mouth of the stream \vill be removed to reduce migratory
obstruction and aid in the transport of sediment.

E.volic.  brook  ;rout t-c~t~~owl

Brook trout Lvill  be remo\.ed  from the upper portion of Cee Cee Ah Creek. Removal
of introduced species is difficult because of their mobility in most systems. However,
Cee Ccc .-Ih Creek is clearI\.  divided  into tivo  separate sections of stream by a large
waterfall that acts as a migration barrier to fish. This isolating component gave this
portion of the tributary optimal conditions to attempt a partial to complete removal of
non-nati\.e  brook trout. By minimizing or eliminating the non-native competition from
the stream. the nati\‘e  fish populations and community d>xamics  should improve as more
habitat t>-pes  become a\.ailable.
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Figure 26. Indian Creek reach and transect locations for enhancement.
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Monitoring and Evaluation

Ripariun  ureu und instreum  restoration

llonitoring  and e\*aluation  of riparian restoration will be conducted in two phases:
a pre-assessment and post implementation assessment. The post implementation
assessment \vill  be a repeat of the procedure used in the pre-assessment. Both assessment
phases \vill  consist of a broad assessment of the reach. an intensive assessment of the
restoration area and a fish snorkel sun.ey for the instream  effects of restoration. Riparian
planting \\.ill also be monitored for plant suni\.ability  as to species and planting distance.

Th2  broad assessment Lvill  consist of the transect data collected in field season
1995 and cross sections of the stream that \vill br constructed 2L.er-y 30 transects at the
bankfull  height of the stream. Snorkeling stations \vill be done to determine the
abundance of all fish species present at a rate of one 30m station per 1.6 km.

The intense assessment \vill be conducted using standard transect methodology
lvithin  the actual project implementation area. The only modification to the transect
methodology is a shortening of the length betiveen  transects. Riparian project areas Lvill
be assessed Lvith 10m transects for each kilometer lvhere  fencing and planting occurred.
lnstream structures kvill be assessed using 5m transects from 30m above the structure site
to 30m belo\v.  Cross sections of the stream \vill be done at a rate of one per e\lery  30m
(riparian restoration) and 10m (instream wstoration) once ever? season and following
peak flow e\‘ents. Cross section sites \vill be benchmarked using aluminum tags. labeled
Lvith cross section number. and attached to rebar stakes.

Fish sample stations for riparian restoration \\.ere  calculated to be one 30 meter
snorkel station per e\.ev 250 meters of stream (Figure 26.). .4 minimum sample size of
three snorkel stations for each restoration area \vill be done. unless the area is less than or
equal to 90 meters long. in which case the entire area \vill be snorkeled. Assuming the
IoLvest  kno\vn  bull trout population density (0.075 bull trout30 meters) in the state of
\Yashington  (Hillman and Platts 1993). \ve are 95% confident that if bull trout are in the
stretch of the stream \ve xill  0bsen.e them at this rate of sampling. Bull trout were used
to determine the sample size because they are the least abundant nati1.e  salmonid  species
in the area.

-In(l -u)
n=

h

\\‘here: )I = the number of sample 30 meter snorkel stations
-In = negative natural log
a = level of confidence
b = lokvest  density (fish:3Om  of stream) of bull trout in the state of
Washington

Figure 26. Calculation for number of sample stations.
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Each station will be benchmarked at the upper and lower boundary with labeled
aluminum tags attached to rebar stakes. The same stations will be sampled in the spring,
summer. and fall. Data from snorkel stations will be used to determine densities of all
fish species present. Fish sampling for instream  structures will be done with a 60m
station. 30m above and 30m below, to determine the fish numbers and species associated
with  the structure. To avoid confusion of benchmarks. fish stations will be located by the
actual structure.

Exotic  brook trout  removal

All salmonids will be removed from upper Cee Cee Ah Creek by block netting
and electroshocking. Block nets will  be set up isolating 1OOm  sections of the stream.
The downstream block net will  be removed after shocking and replaced 1OOm upstream
of the upstream net. The number of electroshocking passes done per section will be
determined by the number of salmonids captured per pass. When  no salmonids are
captured on a pass the process proceeds upstream to the next section. All native fish
captured during the electroshocking process will be retained in a 5 gallon bucket and
released downstream of the electroshocking process only the brook trout will be
permanently removed. The process will  be repeated for the entire 8.6 kilometers of the
project area. The shocking process Lvill  be done two times, once in July and again in
October.

A fish count sun-ey  using standard snorkeling methodology (Espinosa 1988) will
be done in October 1996 to assess the effectiveness of the shocking project. Native
salmonids \vill  be monitored for population growth and community dynamics.
Monitoring \vill  continue for five years. Each year two snorkeling surveys will be
conducted in July and September. The surveys will record fish number, age class , and
habitat preference.
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Biological Objectives

The o\.erall  biological objecti\.es  \vere  established to provide production goals for
all of the Box Can>.on Reach tributaries, as adopted by the NWPPC. Monitoring and
e\‘aluation  of each indisidual project tributary \vill determine the need for modification of
these objecti\.es.  Through these adapti1.e  management strategies biological objectives
that are more suitable for these tributaries may be established at a later date.

Biological objective 1

Attain densities (all age classes) of 9.8 bull trout!100m2  ( or 390 fish /linear mile)
age class in the upper one third of each major tributary system. This equates to 97,410
bull trout (all age classes) in approximateI> 250 miles of suitable tributq.  habitat in the
ystem.  Total numbers of adult bull trout recruited to the fishery will be 4,410 fish.
composed  of an escapement of 2.205 and harvest  of 2.205 fish. by the year 2016.

Biological objective 2
Interim bull trout targets are established at 48.855 total fish (all age classes),

including a total of 2.205 fish recruited to the fisher?..  composed of an escapement of
I. I02 fish and a han.est of I .I 03 fish. by the year 2006.

Biological objective 3
Attain population of _._2-t’ 7 I2 adult cutthroat in 500 miles of suitable cutthroat

habitat in the system.  including an escapement of 156.800 fish and hanest of 85.4 12 fish
b> the \.ear 20 16.

Biological objective 4
Interim cutthroat targets are established at 121.106 total adults recruited to the

fisher>-.  composed of an escapement of 78.400  fish and han.est of 42.706 fish b>. the year
2006.

\Ionitoring  and e\.aluation  of riparian area restoration. instream  restoration and
exotic brook trout removal \vill determine the effecti\.eness  of these measures toward
meeting the biological objectives established for each tributary. These objectives all
contain interim and final targets that are subject to modification based on the data
collected during the monitoring and e\.aluation  process. The biological objectives for the
indi\.idual  tributaries \vill establish goals for production that \vill increase bull trout and
cutthroat trout populations. Decisions pertaining to target numbers for biological
ob-jecti\cs  \vere  extracted from 1995 fish abundance data. These increases will forward
this project to\\-ard  meeting the biological objecti\.es  established for the Box Canyon
Reach.
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Mill  Creek

Biological Objective 1
To increase bull trout density from a remnant population to an interim target of

0.5 fish per kilometer in 1998. to 1 fish per kilometer by 2003, to 4 fish per kilometer by
2008.

Biological Objective 2
To increase cutthroat trout density from a remnant population to an interim target

of 20 fish per kilometer by 1998. to 40 fish by 2003, to 60 fish per kilometer by 2008.

Cee Cee Ah Creek

Biological Objective 1
To increase bull trout density from a remnant population to an interim target of

0.5 fish per kilometer in 1998. to 1 fish per kilometer by 2003, to 4 fish per kilometer by
2008.

Biological objective 2
To increase cutthroat trout density from a remnant population to an interim target

of 20 fish per kilometer by 1998. to 40 tish by 2003. to 60 fish per kilometer by 2008.

Biological Objective 3
Eliminate brook trout or other exotic species from upper Cee Ah Creek by 1997.

Fourth of July Creek

Biological objective 1
To increase bull trout density from a remnant population to an interim target of

0.5 fish per kilometer in 1998, to 1 fish per kilometer by 2003, to 4 fish per kilometer by
2008.

Biological Objective 2
To increase cutthroat trout density from a remnant population to an interim target

of 300 fish per kilometer bv 1998. to 400 fish per kilometer by 2003, to 500 fish per
-kilometer by 2008.
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Whiteman Creek
Biological Objective 1

To increase bull trout density. from a remnant population to an interim target of
0.5 fish per kilometer in 1998. to 1 fish per kilometer by 2003. to 4 fish per kilometer by
2008

Biological Objective 2
To increase cutthroat trout density from a remnant population to an interim target

of 20 fish per kilometer by 1998. to 40 fish by 2003. to 60 fish per kilometer by 2008.

Jlineral Creek
Biological Objective 1

To increase bull trout density from a remnant population to an interim target of
0.5 fish per kilometer in 1998. to 1 fish per kilometer by 2003. to 4 fish per kilometer by
2008.

Biological Objective 2
To increase cutthroat trout density. from a remnant population to an interim target

of 20 fish per kilometer by 1998. to -10 fish by _3003. to 60 fish per kilometer by 2008.

Indian Creek
Biological Objective 1

To increase bull trout density from a remnant population to an interim target of
0.5 fish per kilometer in 1998. to 1 fish per kilometer by 2003. to 4 fish per kilometer by
2008.

Biological Objective 2
To increase cutthroat trout density from a remnant population to an interim target

of 20 fish per kilometer by 1998. to 40 fish by _7003, to 60 fish per kilometer by 2008.
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Largemouth  Bass
Supplementation  and Habitat

Implementation
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Introduction

Juvenile ovenvintering suryi\.al  has been determined to be the limiting factor for
largemouth bass (.\I;icr-optwrrs sdmoiti~s)  in the Box Canyon Resemoir ( Ashe et al.
1991. Bennett 1991). Lack of co\.er  is belie\.ed  to be related to obsened declines in
standing crops of largemouth bass. and may result in reduced food availability and higher
predation on >.oung-of->,ear  (Brouha and \.on Gcldem 1979). Adding artificial structures
has been shoivn  to impro1.e  fish habitat and increase local productivity and growth
(Prince and \Iaughan  1979: \I.cge and :\nderson  1979). These structures may increase
productivity and growth. in that. the\.  pro\.ide  essential wintering habitat for bass
(Carlson 1992). The goal for this project is to determine habitat structures that will
maximize o\.envintering success of juvenile largemouth bass.

Bms wco-irtg amipopulcttiorr  slc~~plcnlentcriion

Ashe (1991) indicated that growth rates of largemouth bass during the first four
xears in the Box Canyon Resen.oir \vere  louver  than bass from other locations of the
northern United States. and converseI\.  growth rates after the fourth year Lvere  comparable
or e\.en  higher than other locations. The slo\ver  growth combined \vith  a high rate of
ju\.enile mortalit!. associated \vith o\erwintering  1~aL.e reduced the potential for the bass
population \vithin  the reservoir. Largemouth bass densit!.  estimates are approximately 6
pounds per surface acre in the Box Camon Reser\.oir.

Ashe (1991) and Bennett (1991) suggested the possibilit!-  of an off-site rearing
facility to supplement the number of jusenile largemouth bass lsithin  the Box Canyon
Resen.oir. Supplemental stocking of !-earling largemouth bass has been proven
successful in other reservoirs.  In Chatfield Resen.oir. Colorado. largemouth bass \vere
hatchery reared to one year of age using intensive and estensi\.e culture from 1978 to
198 1. Subsequent samples of age 2 bass in the reservoir composed 12%. 59%, and 59%
of the population. during sample \ears 1980. 198 1 and 1982 respectively (Kreiger andI
Puttman  1986). Increases in the age 2 class fish \vere  directly attributed to hatchery
supplementation. The goals of this project are to facilitate the production and rearing of
ju\.enile largemouth bass for supplementation and thereby increase the production of
bar\-estable  bass.
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Description  of Study Area

I~~~IcIk~t~l~.  ?-cJclr-iq  .slo~rgl~.s  crtd hcr.s.s htrhiltri  .strrc[l.  cweu

The  Pend Oreille Ri\w begins at the outlet of Pend Oreille Lake. Idaho, and flows
in a \\estc‘rl!  direction to approximately Dalkena. \1\‘ashington.  From Dalkena the river
turns and flo\vs north into British Columbia. where it flolvs into the Columbia River. The
approximate drainage area at the international border is 65.300 km’ (Barber et al. 1990).
The  normal high Uo\\- month is JUJX \vith  a mean discharge of 61.858 cfs. the normal low
tlo\\ m~~nth  is August \\ ith  a mean discharge of 1 1.897 cfs (Barber et al. 1990). The Box
Cane-on  Rcser\x~ir  has -17 tributaries  and co\‘crs  90 ri\.er  kilometers of the Pend Oreille
Ri\.cr. This resen.oir begins  from .-\lbcni Falls Dam at the southern border and then
fo\\-s n~vth  to Box Can>.on  Dam.

The  \\.arm \\-ater fish hatchcr~  and bass habitat study \vill be located at the 436
acre‘ Pond  Orville  \!*ctlands  \!.ildlifc Jlitigation  Project site. The project is located on the
coast  side  of the Pond  Orville  Ri\w. approximateI!.  nine miles north of the Usk bridge on
LeClcrc  Road adjacent to the north boundary of the Kalispel  Indian Resen.ation  (Figure
27).

The  bass habitat stud!.  \vill utilix  the t\vo sloughs located on the mitigation site.
that arc part of‘ the jwcnilc bass rcarin,(1 facilit\..  The north slough is one acre \vith  an
a\wagc depth of 1.9 feet. and the south slough is .5 acre and has an average depth of 2.4
feet.
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Recommendations

Hcrrchry~  mtl t-earing  .slmcgh.s

To supplement largemouth bass in Box Canyon resenoir.  Ashe  (1991) and
Bennett ( 1991) suggested the possibilit:.  of an off-site rearing facility. To ensure
o\.envintering suni\.al.  the facility Lvould  raise 0- largemouth bass to a size of 32-
I-lOmm.  Based on this recommendation. the KNRD requested proposals for design of a
hatcher>- and \vater  control structures. JUB Engineers and JC Aquaculture Consultants
wcrc  a\\.arded  the contract. Their product is a design for the Kalispel Largemouth Bass
Hatcher>-  (:Ippendis A). Their report details the geotechnical  research. field evaluations
and engineering analysis for the hatchery site. Construction requirements for the
hatcher?.  include: hatchep  building. ri\.er  intake and pumpstation. raceway. effluent
ponds and ivater  control structures. The largemouth bass production program has been
designed to utilize both intensi1.e  and estensi\.e culture practices. thus taking advantage
of both the site area and the a\.ailable  water. The goal of the largemouth bass hatchery
and rearing sloughs is to increase the resident largemouth bass population in the Box
Can!.on  Reach of the Pend Oreille Ri\w through annual plantings of up to 100.000 32mm
fr!. and or up to 50.000 1lOmm  fingerlings.

Pl~~~.sictrl  trspec’ts of the Iwrdq~

The efficient operation of a fish hatchery depends on a number of factors
including: adequate \vater  source and supply structure. facility design. hatching and
rearing facilities. and hatcher\.  effluent treatment. The water supply for the hatchery is
the Pend Oreille Ri\.er. .A 500 ft. long. 8-inch diameter pipeline \vill  extend along the
ri\-cr bottom to a minimum elei.ation  of 2.0,,3’ feet (“normal” ri\.er  level is 2.031 ft.). The
pipeline \vill be Lveighed  do\vn  b!. concrete blocks to pre\.ent  movement. and a small
stainless steel screen \\.ill pre\‘ent  the entc. of larger debris and fish. The intake pipeline
is sized  for future flow requirements (400 gpm).  and \vill be designed to be easily
cstended to deeper lvater. if need be. TU.O  pumps. each capable of suppl>.ing  a minimum
of 100 gpm at a total dynamic head (TDH) of 78 feet. plus an air blokver  (80 scfm at 3.5
psi) \\ill be installed in the sound proofed. heated and insulated pumpstation shed. A 6-
inch diameter supply pipeline will  carr!. lvater  to the race\vay  and hatcher? building. An
cmerylc!.  generator will  not be installed at the pump station as a cost-reduction measure.
During the initial phase  ofopcration. the hatcher!.  building and racelvay  unit Lvill  rely on
\\-ater rc’usc  and osvcen supplementation!aeration  during power outages.

-rile 2.529 it’ hatcher!.  building \vill consist of a ‘-dc.” and “Lvet  lab” area. The
“dr\” area contains ceilings  and stud\\-alls  partitioned into offices, restrooms, lunch room
and \.isitor  facilities. The large (1 .-IO0  ft’) “\vet lab” area \\.ill house 4 FRP troughs-each
Z._clft.  by 21 ft long: o\whead distribution lines for air and Lvater:  a floor-mounted and
LPG powered boiler \vith  plate heat exchanger and (2) circulation pumps; a 46 inch
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diameter by 9 ft tall biofilter  \vith  bakvash motor (for race\vay and trough water reuse
during po\ver  outages and:‘or  early start on spaivning  and incubation); a \vall-mounted 10
lamp ultraviolet (U.V.) disinfection unit: and t\vo  loft-mounted \vater treatment units
consisting of a 30 micron rotating drum screen (for screening river Lvater  prior to its use
at the hatchery and the race\i.a\.j.  and a 1 Z-inch  diameter degassing column for re-aerating
reuse \vater  and for degassing of any heated Lvater.  A 200 ft’ feed preparation room Lvill
be enclosed Lvithin  the “Lvet lab” area. Lighting in the \vet  lab area \vill  consist of 14
fluorescent light fistures (-I bulbs each) \vith  sealed cleared lens covers. The fixtures will
be suspended  from the ceiling’roof trusses. and \vill be Lvired  to control the lighting in
four indi\.idual  areas (1 w.itches). Space heaters (also suspended from the roof trusses)
and three large exhaust fans will  provide heating and ventilation for the \vet lab spaces.

.A reinforced concrete race\va>.. measuring 8 ft \vide  b>. 60 ft long and 4 ft deep,
Lvill  be used for largemouth bass spawing  as \vell as intensi\.e  rearing. The racelvay will
be supplied Gth \i.ater both directI!.  from the ri\-er (untreated). as \vell  as screened and
disinfected hatchery \\.ater. The race\vay  unit \vill be full:. enclosed Lvith an insulated
fabric and steel frame enclosure roughly 22 ft \vide  b!. 70 ft long.

T1t.o earthen effluent ponds. each ha\.ing  bottom dimensions of 30 ft by 80 fi, will
be used to settle-out solids from the hatcher! building and race\\.a\.  unit effluent. Three
sides of the ponds \\ill ha\.e standard 3: 1 slopes. tvhile  the east berm Lvill  feature a 5: 1
slope to facilitate entr>- by a front-end loader. The ponds \vill have individually \.alved  6-
inch diameter PVC inlet pipes and concrete outlet structures \vith slots for level control.
The o\wflow from the ponds \\ill be piped to an open ditch that discharges into the
nearby marsh. The effluent ponds could also be used to rear fish.

Bidogicd LI.(;PCCIS of’the  hcctcher~~

Race\vay spalvning  of largemouth bass \vill be used at the Kalispel Hatchery.
Racelvay  spa\vning  of largemouth bass has been pro\.en  successful at Jake Wolf Hatchery
and other largemouth bass hatcheries (Tom Hays pers. comm.).  These techniques allows
the fish culturist to easil!. 0bserL.e  the brood fish and determine the extent to which
successful spa\vning  is taking place. By using artificial spa\vning  nests eggs can be
transported to smaller indoor race\\-a!.s and indoor trough hatching technology can be
emplo>.ed.  This reduces the number  of broodstock required for meeting the target
fingerling production goal.

In early to mid-April. 12 pairs of adults will  be taken and cro\vded  into the
co\.ered  racelvay.  Broodfish \\ill be kept in this crolvded  condition for a period of two to
three \\.eeks  and closeI>.  obser\.ed  \\hile the\- are acclimated to the warmer water
temperatures. Prior to this period. the t\vo sloughs and the t\vo  effluent ponds (0.11 acre)
\vill be made read>- to accept the nc\\-I>  hatched fp. Broodstock requirements lvere
determined based on a need of 150.000 32mm  fq. and assuming 67% sunival.

Once the \vater  temperature in the fingerling rearing ponds approaches 60” F and
the brood fish appear ready to spalvn. artificial spalvning  nests Lvill  be staggered at eight
foot inten.als along each side of the race\vay.  .A minimum of 12 to 14 nests are thus
accommodated in the 60 ft. race\va>..
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During each of the spalvning  periods. nests \vith eggs are allowed to remain in the
race\vay for one day and are then transferred to the incubation troughs. Each trough can
receive eggs onI), from spa\vns  that are not more than l-1/2 days apart. This is done to
reduce size disparity and losses due to cannibalism. After two to three days in the
troughs. the eggs hatch and fry begin to appear. The fry are held in the troughs for an
additional four to five days. until they  turn black in color, and are then stocked into the
fertilized sloughs at 150.000 per acre. After three Lveeks  the fi-y that are not released or
planted \vill  be brought back to the indoor troughs. or if the numbers exceed 50,000, they
\vill be placed in the race\vay. The 32mm  fq lvill  be stocked at an initial density of 0.25
Ib.!ft’. and trained to recei\.e  artificial feed until they achieve a density of up to 1.0 lb./ft3.
At this maximum density. the four indoor troughs (86 ft’ each) can accommodate up to
45.000 65mm  fingerlings (assuming 90% survival). The racelvay  can accommodate up to
100.000 75mm  fingerlings.

Once they are trained on feed (usually 3-4 kveeks).  the fingerlings are stocked in
the sloughs for intensi\.e  rearing at a density of 50.000 per acre. Here they will be fed
e\.er>. 15 minutes at first. and e\.er>. 30 minutes thereafter throughout this intensive
rearing phase.

PllJxiccil  mpects of rearirtg  sloughs

The t\vo sloughs located in the north\vest  section of the Pend Oreille Wetlands
Wildlife Mitigation Project Lvill  be converted to largemouth bass nurseries by
constructing a small  \vater  control structure at the mouth of each slough, and by providing
a J-inch diameter yalved \vater  supply pipeline that discharges near the head of each
slough. These cost-effecti1.e  structures \vill consist of pre-cast reinforced concrete slabs
set in place and held by steel or \vood  piles. This design will include an overflow
spilllvay  \vith  stop-log channels for le\*el  control and a valved bottom outlet pipe for
draining and to facilitate fish harvest and pond maintenance.

The south slough \vill  also be provided \vith a _T-inch  air supply pipeline that can
be used to power up to four air lifts, plus four 115 volt GFI outlets (for small dewatering
pumps or future automatic feeders) along the eastern edge of the slough. These
improvements will enable the intensi\.e  rearing and o\.envintering of fish in this slough.
The north slough kvill be provided  \vith  ri\.er  \vater  and may be used for ovenvintering
and for extensive fry rearing.

TLVO  pumps. each capable of supplying a minimum of 100 gpm at a total dynamic
head (TDH) of 78 feet. plus an air blo\ver  (80 scfm at 3.5 psi) will  be installed in the
sound proofed. heated and insulated pumpstation shed. Sufficient room Lvill  be provided
for the future installation of 2 additional pumps and all electrical controls. A 6-inch
diameter supply pipeline \vill carry Lvater to the t\vo  sloughs. The bass can sunive  for
se\.eral  days Lsithout  \vater  exchange as long as feeding does not take place.

Biologicd  ~~.spect.s  of rcwriq  .slotrgh.s

Prior to largemouth bass spa\vning.  the t\vo  sloughs will be filled, fertilized, and
other\\.ise  made ready to accept the ne\vly  hatched fq. Ten days after hatching. the
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largemouth bass are stocked into the fertilized sloughs at 150,000 per acre. The sloughs
are han.ested  as soon as the zooplankton. which provide food for fry and fingerlings is
eshausted. The grow out period usually lasts only three weeks, at which time
approximately 100,000 32mm  (1.25 inch) fry can be expected from the north slough, and
approximately 50,000 fry from the smaller south slough.

Once they are trained on feed (usually 3-4 vveeks). the fingerlings are stocked in
the sloughs for intensive rearing at a density of 50.000 per acre. Here they will be fed
ev.ery.  15 minutes at first, and every 30 minutes thereafter throughout this intensive
rearing phase (vvhich  at this location will  probably terminate sometime in October - due
to cooler vvater temperatures and diminished appetite). By the end of this rearing phase,
the fingerlings vvill  have grown to between  1OOmm  and 14Omm  in size, and will have
consumed 1.3 tons of feed per acre stocked. A 67% survival rate is expected during this
phase. for a maximum production of 50.000 fingerlings for the 2 sloughs.

If the grow out season is shortened because of extreme cold, then the fingerlings
could be ov.envintered  in one or both of the sloughs. Ovenvintering will require the
continuous pumping of oxy.genated  vvater.  even \vhen  the sloughs are frozen over.
Supplemental aeration. by means of air lifts. \vill prevent ice from forming near the dam
structures and ivould  allow feeding. affording some grovv-th  of the yearlings.
Ov.envintering  of the fingerlings in the controlled environment of the sloughs should
greatly improve their survival. however \vill not be done.

BNSS hbitat  stlt&

Fluctuations in resenoir levels affect the amount of available cover for fish. The
loss of cover is believed to be related to observed declines in standing crops of
centrarchid species. such as largemouth bass. lvhich  are heavily dependent on stable and
sheltered shorelines (Brouha and v.on Geldem 1979). This lack of cover may result in
reduced food av.ailability  and higher predation on young-of-year fishes (Brouha and von
Geldern 1979). Artificial structures have been used for many years to enhance fish
populations.

Durocher et al. (1984). reported that recruitment of largemouth bass to 2OOmm
total length intensified vvith increases in submerged vegetation coverage in Texas
resenoirs. Presumably. shelter reduces predation mortality by providing habitat where
y’oung  fish may not be seen or reached by predators (Miranda and Hubbard 1994).
Savino  and Stein (1982) concluded that increased cov’er  reduced prey vulnerability.

By increasing col’er  within the Box Canyon resewoir,  it is suspected that there
will  be an increase in ovenvinter suniv.al of age 0+ largemouth bass. Currently
ov.erwinter  sunivral  of O+ largemouth bass ranges from 0.4 - 3.9 percent (Ashe 1990;
Bennett et trl 1991). Bennett er trl. ( 1991) suspected that poor ovenvinter survival of age
O* largemouth is partially due to the lack of cov.er during the winter months. It is the goal
of the bass habitat study to determine habitat structures that will maximize overwintering
success of age 0- largemouth bass.

The bass habitat study.  \vill consist of t\vo phases. Phase one will utilize the two
rearing sloughs associated \i.ith  the Tribal hatcheq.  The north slough (experiment) will
be divided into t\vo  equal parts each part containing two separate types of habitat
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structures. Both sections Lvill  contain orchard trimming structures and Christmas tree
structures. The south slough (control) \vill be divided into two equal parts.  The  south
slough sections \vill be devoid of overwintering habitat structures.

The study ivill utilize resident stocks of ju\.enille bass collected from the Pend
Oreille Ri\.er.  If not enough resident fish can be collected. the remaining numbers will  be
purchased from a hatchery facility in September 1996. The non-resident stock will be a
northern strain of largemouth bass. Fish collected \vill be 0+ age class fish with similar
size parameters. and will  be stocked in the rearing sloughs during the same month. All
collected resident fish \vill be marked upon capture to identify resident from hatchery
stocks. and to further assist in determining stock success under study conditions.

Proportional amounts of fish. b!. \\-eight  (lbs’ft’) ivill be added to the sloughs.
Both stocks. resident and hatcheF-.  \\-ill  be mised into each individual section of the
sloughs. Approsimatel\~  1000 fish will be used for the stud\.. 800 fish will be purchased.
and the remaining required amount \vill be collected from the Pend Oreille River.

Phase t\vo applies the data collected in the first phase of this study. Structures
found by the study to lead to the highest percentage of o\-envintering  success, will be
utilized and placed in prescribed areas of the Box Canyon Reservoir. Placement of
structures ivithin  the Box Canyon reservoir \vill be in sloughs and the main channel
\\ithin close proximity to the Kalispel  Indian Reservation. All sites for habitat placement
\vill be located in zero flow arcas of the resen.oir.  Preferred areas for habitat placement
are off the mouths and within sloughs. Potential sites arc Campbell. Calispel, Red Norse.
Davis.  and Pow - \\‘ow sloughs (Figure 28).

Purchasing outside fish will add a new strain of fish that could potentially benefit
the genetics of the present bass strain. If collected data indicates that the purchased fish
are more hardy and capable of o\.er\\-inter  sur\i\.al. then steps can be taken to incorporate
their genetics into the hatcher!.  rearing program. Differential sunivability  bet\veen  the
two stocks \vill be determined from o\.envintering  survival data.
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Figure 28. Potential sites for habitat placement and largemouth bass release.
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Monitoring and Evaluation

Iltrrclicr~~~  cm1 rccrring  .slo~rgh.s.

Jlonitoring and c\.aluation  of the hatcher\~ and rearing sloughs \vill  be conducted
b> clcctroshocking the followinz(1 spring. post hatcherv  release. to determine suni\.abilit\
of 1- age hatcher\.  stocked bass. Before  hatcheF. largemouth bass are released into Box
Canyon Rcser\.oir.  they  will  be marked \vith either fluorescent pigment. fin clips or flq
tags. Fluorescent pigment and fin clips can be used on small fish (<120mm).  Flay tags
can indicate the number of times that tish has been captured. Flay tags \vill  be used on
larger lish  (> 120 mm). All fish will bc released  from the hatcher) by October. Potential
site’s f;w monitoring include the folio\\-ing  sloughs: Calispel. Pow Wo~v.  Frog Island. Red
Yorsc.  Dwis Creek. Old Dike. CC.% Trimble. So Same. Campbell. Tiger and Gardner
(1:igure  28). There is a high probabilit\-  of findin,(7 17 larcemouth bass in sloughs. Thesec
sloughs v-ill also be potential release  sites for the hatcher\..  Ten sample transects. 200
meters long  l\ill be chosen randoml!-  \\ithin the mainstem  ri\.er. These transects lvill  be
clcctroshocked along the shoreline. \lonitoring  will occur in late spring and all numbers
of largemouth bass ~sill be counted. Ix-gcmouth  bass population \vill be estimated in the
ri\.er and sloughs using the Schnabel  multiple census as described b>. Ricker (1975).
Yumbers of hatchery fish \vill bc counted and compared to that of the total age class.
This Lvill  determine the contribution of hatchen. largemouth bass to the overall
population. During follo\ving  J’ears.  age classes tvill also be monitored to determine
hatcher\- contribution. These fish numbers \vill ultimately be used to see if the hatcher?
is meeting its biological objective.

Listed below are factors that \vill be monitored at the hatchery (physical and
biological) and rearing sloughs (physical and biological) and are derived from Piper cl al.
( 1992).

P Iijxiccrl  ~~specls of Ilre hatch-~

( 1) Volume in cubic feet for each rearing unit and for the entire hatchery.
(2) Gallons per minute and cubic feet per hour flop. into each unit and for the
entire hatchery.
(3) Rate of change for each unit and for the total hatchery.
(4) Temperature

Biological  qx~t.s of rlw Ircrtcher~~~

Mortality
( 1) Percent sur\i\.ability  from egg to fc
Food and Diet
( 1) Cost per pound of feed and cost per pound of fish gained.
(2) Amount of food fed as percentage of fish body weight.

76



(3) Pounds of food fed per pound of fish produced (conversion).
F&l
( 1) Broodstock and number of eggs produced.
(2) Weight and number of fish and eggs on hand at the beginning and end of
accounting period.
(3) Gain in Lveight  in pounds.
(4) Date eggs \vere  taken. number per ounce. and source.
(5) First feeding of fq.
Disease
(1) Occurrence, kind. and possible contributing factors.

PI~~:sicul uspecls  qf rearilig slotghs

(1) Volume in acre feet.
(2) Average depth
(3) Inflow required to maintain \vater  level in slough.
(4) Temperature
(5) Fertilization (dates. kind. amount, cost. results).
(6) Algae and zooplankton blooms (dates and secchi visibility in centimeters;
kinds of plankton).

Biologic-d  uspects of reccrhg  .sloqgl~s

h-lortalitv
( 1) Percent suni\.ability  from fr>. to fingerling.
Food and Diet
( 1) Cost per pound of feed and cost per pound of fish gained.
(2) Amount of food fed as percentage of fish body weight.
(3) Pounds of food fed per pound of fish produced (conversion).
Fish
( 1) Gain in lveight  in pounds.
(2) Average length and Lveight  before release.
Disease
(1) Occurrence. kind. and possible contributing factors.

Bu.w huhit~~t .stmi~*

Monitoring and e\,aluation  of the bass habitat study 1x41  be conducted during the
summer of 1997. The sloughs \\-ill be drained and the numbers of live fish in each
section \vill be counted to determine o\.envintering sunival.  Comparison will be done to
determine \\hich habitat produces the greatest o\,envintering success. Based on these
results. the most cffectile  structure  \vill bc placed in Bos Canyon Resenoir  the following
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fall. Once these structures are in place. the>. \\ill be electroshocked during the spring
months to determine habitat usage. This monitoring \sill  be in conjunction with the bass
hatchcry monitoring. This monitoring \vill e\.aluate  if the artificial structures are indeed
increasing t h e  o\.er\\.inter  sur\.i\.abilit\.  o f  0 -  largemouth  b a s s . This increased
sur\.ix abilit!.  \\ill contribute to meeting its biological objectives.
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Biological Objectives

Monitoring and evaluation of bass supplementation through hatchery, rearing
sloughs and bass habitat study will be evaluated to determine their effectiveness of
forwarding bass populations toward meeting the biological objectives adopted by the
NWPPC.

Hatchery  and rearing sloughs

Biological objective 1
Increase the biomass of harvestable largemouth bass in the Box Canyon Reservoir

from a current 6lbsktcre  (44,400 pounds for entire reservoir) to an interim target of
8lbs/acre (59,200 pounds for entire reservoir) by the year 2003 and a final target of
12lbs/acre  (88,800 for entire reservoir) by the year 2008. The interim net gain will be
14,800 pounds of harvestable largemouth bass. The final net gain will be 44,400 pounds
of harvestable largemouth bass.

Hatchery

Biological objective 1
Produce 150,000 largemouth bass fry.

Rearing  sloughs

Biological objective 1
Produce 100,000, 32mm largemouth bass fry for release into Box Canyon

Reservoir on an annual basis.

Biological objective 2
Produce 50,000,14Omm largemouth bass fingerlings for release into Box Canyon

Reservoir on an annual basis.

Bass habitat  study
.

Biological objective 1
Increase O+ largemouth bass overwinter survival from current levels of 0.4 -3.9

percent to approximately 15-20 percent. This increase in overwinter survival will
contribute to the goal of 12lbs/acre  of harvestable bass.
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OBJECllVE

Predicted project outyear budget (x 1000).
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BACKGROUND

The Box Canyon Reach of the Pend OreiIle River was formed in 1955 by the
construction of Box Canyon Dam. This created a reservoir which extends 55.8 river miles
from Albeni Falls Dam in Idaho, to Box Canyon Dam in Washington The dam forever
changed the habitat in this reach from that of a cold water fast-moving river, to a broad-
but-shallow reservoir, with velocities ranging from 0.1 feet-per-second (Qs) during
summer low flows to upwards of 2.0 Qs during spring high flows (Falter et al. 1991).

The resultant higher seasonal water temperatures, combined with the much
enlarged water surf= habitat have enabled the existence of a diversity of fish species
(Skillingstad et al. June 1993),  the most prominent beii: yellow perch (the most
abundant), pumpkinseed, tench, largemouth bass, longnose sucker, mountain whitefish,
northern squaw&h, black crappie, brown bullhead and large-scale sucker. The Kalispel
Natural Resource Department estimates that in a 30 mile reach of the river, the existing
largemouth bass density is approximately 6 pounds per acre. They would like to double
this density - to 12 pounds per acre.

The Kalispel Tribe of Indians Warm Water Fish Hatchery to be constructed and
operated with funds provided by the Bonneville Power Administration (BPA),  is
designed to greatly increase the resident largemouth bass (LMB) population in the Box
Canyon Reach of the Pend Oreille River through annual plantings of up to 100,000 32mm
(1.25 inch) fry, and/or up to 50,000 140mm (5.5 inch) fingerlings.

The warm water fish hatchery wilI  be sited on the 436 acre “Flying Goose Ranch”
located on the east side of the River, approximately 9 mile north of the Usk bridge on
State Highway 20. The land is owned by BPA and will be held in trust by the Kalispel
Tribe of Indians. The land is adjacent to the north boundary of the Kalispel Indian
Reservation, in Pend Oreille County, Washington.

The project was assigned in the 1993 Northwest Power Planning Council’s Phase
IV Resident Fish and Wildlife Amendments to the Columbia River Basin Fish and
Wildlife Program. The Kalispel Tribe will accomplish the project, and BPA will fund the
project. The goal is to plan, design and cost a low-capital bass hatchery. Components of
the hatchery project include:

warmwaterhatchery
Bass nursery (north and south sloughs)
Monitoring and evaluation of hatchery
Supplementation and bass rearing facilities

This report documents the warm water fish hatchery physical facility program and
presents the Engineer’s opinion of probable construction cost. Construction of the
hatchery and bass nursery is scheduled for 1996.
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Site investigations included topographic surveys, geotechnical explorations, and
the testing of water quality samples taken in the north and south sloughs - the proposed
bass nursery locations. These investigations were limited in scope and are discussed
below. The sampled water quality results are summarized on Table 1 at the end of this
Section. The complete investigative reports, or data have been appended to this report.

Topographic Surveys

One foot contours were surveyed for the entire area where the hatchery, raceway
and other facilities will be placed. The existing road that extends across the wetlands area
to the edge of river has also been profiled for design. Both the north and sough slough,
that will be utilized in this project, were surveyed for their rough width, length and depth
in order that accurate area/volume calculations could be performed for them. A straight
line to a water depth of 12 feet out into river was also surveyed for location of the water
intake pipeline. The products of this survey have been reduced to 11 x 17 sheets and can
be found in Appendix A  to this report.

Geotecbnical Engineering Analysis

The results of the geotechnical research, field evaluations, and engineering
analyses performed for the site are presented in a report that appears in Appendix B.
Conclusions and recommendations with respect to the soil and geologic conditions are
included in this report to assist project planning and design. Based on the results of this .
evaluation and their experience with similar site conditions, it is the Geotechnical
Engineers’ opinion that the site is suitable for the proposed development.

Water Quality Investigations

There has been a wealth of water quality and fisheries data collected in the Box
Canyon Reach of the Pend Oreille River since it became a reservoir in 1955. J-U-B
Engineers, Inc. and JC Aquaculture Consultants reviewed the following recent
publications in order to evaluate the water supply source for the hatchery:

1. Trends in Water Quality on the Box Canyon Reservoir of the Pend
Oreille River Adjacent to the Kalispel Indian Reservation, by T.
Skillingstad and A.T. Scholz.  Upper Columbia United Tribes Fisheries
Center, Fisheries Technical Report No. 44, October 1993.

2. An assessment of the Pend Oreille River, WA receiving effluent
from a Tbermomechanical Newsprint Mill: 199 l/92 Post-Operational
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Report (same authors and agency as 1. above). Fisheries Technical Report
No. 47, June 1993.

3. Water Quality, Fish and Wildlife Characteristics for Box Canyon
Reservoir, Washington - Completion Report 1989-I 990, Section 2: Water
Quality, by C.M. Falter, C. Baines and J.W. Calrson. Department of Fish
and Wildlife Resources, University of Idaho, July 1991.

4. Box Canyon Reach Bass Migration Study, by Kalispel Natural
Resource Department. Final Report, Final Report, 1995.

The above sources agree that the Box Canyon Reach of the Pend Oreille River is a
moderately buffered, cool-water (34 F - 75 F), relatively stable water quality reservoir
that most often meets EPA criteria for protection of aquatic life. Our study’s own
sampling of water quality in the two sloughs (at l/4, l/2 and 3/4 depth) that will be used
as bass nurseries confirms those findings, and is summarized below as an average for the
six samples tested on July 3 1, 1995.

TABLE 1

Flying Goose Ranch Slough Water Quality - July 1995.

Average

Temperature (“C)
PH
Dissolved Oxygen

mn
Copper (mg/l)
Zinc (mg/l)
Hardness (mg/l)
Sulfide (mg/l)

20.6 18.7-22.3
8.8 8.6-9.1
10.0 7.3-12-l

co.02 co.02
co.05 a.05
69.2 65-72
<l <I

Dissolved oxygen, temperature and pH parameters were collected by the Tribe
with a water quality meter, and the other parameters were collected by the Tribe and sent
to Advance Analytical Services in Spokane, WA for analysis. The individual results of
the testing for the six samples can be found in Appendix C.
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SPACE PROGRAMMING AND PRELIMINARY PRODUCITON SCHEDULE

Facility requirements and scheduling depend upon the production program. While
specific dates are indicated in Table 2 below for the largemouth bass (LMB) program, in
reality, exact times of spawning, stocking and harvesting may vary by several’weeks.

Loading densities used in this LMB program are believed to be realistic and are
largely based on actual production figures attained in other states. The LMB quantities
and sizes presented in the next Section, along with the water temperatures and spawning
and stocking rates given in Table 2, below, provide a basis for facility predesign. Actual
operating conditions such as water temperature and quality, spawning and stocking dates,
and mortality will vary seasonally and from year to year. Production requirements are
also expected to change. Because of this need for flexibility, the initial production
program has been designed to utilize both intensive and extensive culture practices,
taking advantage of both the site area and the available water.

Some broodstock will be kept onsite  in the raceway or a designated slough while
the rest will be collected each spring from the wild. Minimizing onsite broodstock
reduces the need for both adult holding facilities and forage feed, allowing the hatchery to
make better use of its resources.

The preliminary production schedule summarized in Table 2 assumes the heating
and reuse/biofiltration of spawning and incubation flows (100 gpm minimum from April
through May) for the covered raceway and the four indoor troughs.
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April 7 - 30: Collect broodstock and place in raceway (2-3 weeks
conditioning period at 55-60 F)

May7-June 15: Multiple spawnings and incubation at 60 - 65 F

May 15 - May 30: Extensive rearing in 2 effluent ponds (passive
heating)

May 15 - June21: Extensive rearing in 2 sloughs (and partial
release/stocking)

June 15 -July IS: Start on feed in 4 indoor troughs or the raceway

Table 2

Preliminary Production Schedule

July 15 - September: Intensive rearing in 1 or 2 sloughs (and partial
release&Xking)
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LARGEMOUTH BASS PRODUflION  PROGRAM

Eagerly sought by the angler, largemouth bass are one of the most popular
freshwater game species. They are stocked and managed as a predator species in many
lakes and reservoirs. Their optimum temperature range is 559 to 8O“F with spawning
temperatures of 60°F to 65%. The species temperature tolerance is 330F to 95“F.

Raceway spawning of LMB will be used at the Kalispel Hatchery. The techniques
allows the fish culturist to easily observe the brood fish and determine the extent to which
successll  spawning is taking place. By using artificial spawning nests, eggs can be
transported to smaller  indoor raceways and indoor trough hatching technology are
employed. This in turn reduces the number of broodstock required for meeting the target
fingerling production goal.

In early - to mid-April, 12 pairs of adults will be taken and crowed into the
covered raceway. The concrete raceway unit will be 60 feet long, by 8 feet wide and 4
feet deep. The broodfish will be kept in this crowded condition for a per@ of two to
three weeks and closely observed while they are acclimated to the warmer water
temperatures. Prior to this period, the two slough (1.5 acre total surf&e area) and the two
effluent ponds (0.11 acre) will be filled, fertilized, and otherwise made ready to accept the
newly hatched h.

Broodstock requirements were determined based on a need of 150,000 32mm fiy,
which is the expected production from the total slough area of 1.5 acres when stocked at
the maximum recommended density of 150,000 (swim-up) fry per acre, and assuming
67% survival. It was further assumed that twelve 2.5 pound females, each capable of
producing 5,000 (32mm) f?y per bound of female, would be utilized, along with a male-
to-female (M/F) ratio of 1: 1.

Once the water temperature in the fingerling rearing ponds (first the two passively
heated effluent  ponds, followed by the two sloughs) approaches 60 F and the brood fish
appear ready to spa- artificial spawning nests will be staggered at eight foot intervals
along each side of the raceway. A minimumofl2tol4nestsarethusaccommodatedin
the 60 R raceway.

Spawning will commence usually within one to two days (at a tempemture of 60-
65 F) and continue until the fish are again crowded in the raceway for a conditioning
period of 10 days or more. During this conditioning per@ the raceway will be cleaned
and broodfish will be fed and inspected. Any fish that appears to be spawned-out or
damaged will be culled f?om the raceway. The nests are then reintroduced in the raceway
and the fish are allowed to spawn a second time. A third spawn is also possible, but
usually does not constitute efficient use of raceway space.

During each of the spawning periods (usually 10 days to two weeks) nests with
eggs are allowed to remain in the raceway for one day and are then transferred to the
incubation troughs. Each trough can receive eggs only from spawns that are not more
than 1 -l/2 days apart. This is done to reduce size disparity and losses due to cannibalism.
Used nests are replaced with fresh ones to reduce competition within the raceway.

The fiberglass (FRP) incubation troughs will be 24 feet long by 2.5 feet wide, and
about 2 feet deep. They can accommodate up to twenty 16-inch  x 16-&h  artificial nests
(mats) which are held in place vertically by hoods and a wire suspended along the
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centerline of the trough. The water flow to each unit is 10 gpm. A&r two to three days in
the troughs, the eggs hatch and swim-up fiy begin to appear. The fry are held in the
troughs for an additional four to five days (7 days total time in troughs), untiI  they turn
black in color, and are then stocked into the fertilized sloughs at 150,000 per acre. The
sloughs are harvested as soon as the zooplankton, which provide food for fry and
fingerlings is exhausted. The grow out period usually lasts only three weeks, at which
time approximately 100,000 32mm (1.25 inch) fry can be expected from the north slough,
and approximately 50,000 fiy from the smaller south slough.

Four troughs, which are re-used once per week, will be required for incubation
and fry production for the program described above.

The 100,000 fiy m&l in the north slough can all be planted or released directly
to the Pend Oreille River, or a portion can be combined with those from the south slough,
and started on feed back at the hatchery building.

The Ii-y that are not released or planted will be brought back to the indoor troughs,
or if the numbers exceed 50,000, they will be placed in the raceway. The 32mm Sy will
be stocked at an initial density of 0.25 lb./f& and trained to receive artificiaI feed
(usually Biodiet, supplemented with krill) until they achieve a density of up to 1 .O
lb./K&  At this maximum density, the four indoor troughs (86 A3 each) can accommodate
up to 45,000 65mm fingerlings (assuming 90% survival). The raceway can accommodate
up to 100,000 75mm fingerlings.

Once they are trained on feed (usually 3-4 weeks), the fingerlings are stocked in
the sloughs for intensive rearing at a density of 50,000 per acre. Hear they will be fed

. every 15 minutes at first, and every 30 minutes thereafter throughout this intensive
rearing phase (which at this location will probably terminate sometime in October - due
to cooler water temperatures and diminished appetite). By the end of this rearing phase,
the fingerlings will have grown to between 1OOmm and 14Omm  in size, and will have
consumed 1.3 tons of feed per acre stocked. A 67% survival rate is expected during this
phase, for a maximum production of 50,000 fingerlings for the 2 sloughs.

The heating and reuse of hatchery water should enable the production of 1OOmm
to 14Omm  fingerlings in one grow-out season during most years. If the grow out season is
shortened because of extreme cold or if greater survival/larger fish size is desired then the
fingerlings could be overwintered in one or both of the sloughs. Overwintering will
required the continuous pumping of oxygenated water - even when the sloughs are
frozen-over solidly. Supplemental aeration, by means of air lifts will prevent ice from
forming near the dam structures and would allow feeding, and thus some growth of the
yearlings when they are stocked the following spring. Overwintering of the fingerlings in
the controlled environment of the sloughs should greatly improve their survival.
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FACILITY DESCRIPTION

This Section describes the improvements to be constructed at the “Flying Goose
Ranch” in order to accommodate the L M B  production program presented in the previous
Section. The major improvements include: river intake and pump station, water control
structures (sloughs), hatchery building, raceway and effluent ponds. All of the above are
depicted on schematic level drawings which appear at the end of this Section. The
probable costs for the improvements are presented in the last Section - which
immediately follows the drawings.

River Intake and Pump Station

The only water supply source for the hatchery complex is the Pend Oreille River.
A 500 ft. long, 8-inch diameter pipeline will extend along the river bottom to a minimum
elevation of 2,022 feet (“normal” river level is 2,03  1 A.). The pipeline will be weighed
down by concrete blocks to prevent movement, and a small stainless steel screen will
prevent the entry of larger debris and fish. The intake pipeline is sized for future flow
requirements (400 gpm), and will be designed to be easily extended to deeper water, if
need be. The pipeline will terminate in a cylindrical “wet sump” located below the pump
station floor. Steel grating will cover the open top of the wet sump to facilitate
installation, removal and inspection of pump suction/intake lines.

Two pumps, each capable of supplying a minimum of 100 gpm at a total  dynamic
head (TDH) of 78 feet, plus an air blower (80 scfin at 3.5 psi) will be installed in the
sound proofed, heated and insulated pumpstation shed. Suffkient  room will be provided
for the future installation of 2 additional pumps and all electrical controls. A 6-inch
diameter supply pipeline will carry water to the two sloughs, the raceway and the
hatchery building. This pipeline is also sized for a future flow of approximately 400 gpm,
and will be buried in a shallow trench alongside the access road. This same trench will
also carry the 3 phase electrical power supply for the pump station and the sloughs.

An emergency generator will not be installed at the pump station at this time as a
cost-reduction measure. During the initial phase of operation, the hatchery building and
raceway unit will rely on water reuse and oxygen supplementation/aeration during power
outages. The sloughs can survive for several days without water exchange as long as
feeding does not take place (extensive rearing of fry during spring months does not
require water exchange). As a safeguard, however, a small portable generator could be
used to power the air blower and thus provide oxygen to the south slough - the only one
equipped for intensive rearing and overwintering during this initial phase.

Water Control Structures

The two slough will be converted to LMB nurseries by constructing a small dam
at the mouth of each slough, and by providing a Cinch diameter, valved water supply
pipeline that discharges near the head of each slough. The cost-effective dams will consist
of steel sheet piling, held in place by steel or wood piles. This design will include an
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overflow spillway with stoplog  channels for level control, and a valved bottom outlet
pipe for draining and to facilitate fish harvest and pond maintenance.

The south slough will also be provided with a 2-inch air supply pipeline that can
be used to power up to four air lifts, plus four 115 volt GFI outlets (for small dewatering
pumps or future automatic feeders) along the eastern edge of the slough. These
improvements will enable the intensive rearing and overwintering of fish in this slough.
The north slough will be provided with river water and thus it too can be used for
overwintering and for extensive fiy rearing. An access road will be installed by the Tribe
along the eastern bank of the north slough to facilitate construction of the north dam.
During this initial phase, however, neither electrical power nor air will be extended to this
slough for cost considerations. Intensive rearing of LMB  fry in the north slough will have
to wait until the above improvements can be constructed.

The 2 dams will enable a normal pool elevation of 2,034 feet, and result in
increased slough water surface areas when compared to “normal” river elevation of 2,03 1
feet. The combined water surface area of the 2 sloughs will be about 1.5 acres - with the
larger north slough accounting for a full 1 .O acres.

Hatchery Building

This pre-engineered metal building will consist of two very distinct areas:
1) a “dry” area with ceilings and stud wall partitioning it into offices,

restrooms, lunch room and visitor facilities; plus a
2) “wet lab area” with high, exposed ceilings, exposed insulation, floor
trenches, a Ioft and a feed preparation room.

The 2,529 ft.2 building will be designed with future expansion in mind, e.g.: a 10
x 10’ roll up door and clear access isle to the north end of the building; oversized and
stubbed-out water supply and air pipelines (but not water treatment equipment); oversized
drains, etc.

The large (1,400 ft2) “wet lab” area will house 4 FFW troughs-each 2.5A. by 24 ft
long; overhead distribution lines for air and water; a .&or-mounted  and LPG powered
boiler with plate heat exchanger and (2) circulation pumps; a 46 inch diameter by 9 fi tall
biofilter with backwash motor (for raceway and trough water reuse during power outages
and/or early start on spawning and incubation); a wall-mounted 10 lamp ultraviolet
(U.V.) disinfection unit; and two loft-mounted water treatment units consisting of a 30
micron rotating drum screen (for screening river water prior to its use at the hatchery and
the raceway), and a 12-inch  diameter degassing column for re-aerating reuse water and
for degassing of any heated water. A 200 ft.2 enclosed area below the Ioft will have a
large stainless steel sink, tiled countertops, plastic laminate wall surfaces and a central
floor drain. This feed preparation room will contain shelves, a small freezer (not
supplied), and numerous GFIC electrical outlets for operating small appliances (misers,
blenders, etc.).

Lighting in the wet lab area will consist of 14 fluorescent light fixtures (4 bulbs
each) with sealed cleared lens covers. The fixtures will be suspended from the
ceiling/roof trusses, and will be wired to control the lighting in four individual areas (4

9



switches). Space heaters (also suspended from the roof trusses) and three large exhaust
fans will provide heating and ventilation for the wet lab spaces.

The office and visitor areas will have electrical baseboard heaters and windows or
exhaust fans for ventilation. Handicapped access will be provided to all visitor and office
areas.

Raceway Unit

A reinforced concrete raceway, measuring 8 ft wide by 60 fi long and 4 ft deep,
will be used for LMB spawning as well as intensive rearing of other species that will be
produced at the hatchery. The raceway will be supplied with water both directly from the
river (untreated), as well as screened and disinfected hatchery water. A shallow sump on
one comer of the raceway will house a submersible pump for reuse of water. Reuse mode
will be manually initiated to either save energy when the water is heated during
spawning, or as a safety precaution for power outages. The incubation troughs’ overflow
from the hatchery building can also be diverted to this sump for reuse, thus reducing the
size of the hot water boiler. To further reduce energy consumption during cold month, the
raceway unit will be full enclosed with an insulated fabric and steel frame enclosure
roughly 22 A wide by 70 A long (refer to Raceway Section). Low-pressure air from the
hatchery building will be stubbed out along one wall of the raceway to promote fish
health during intensive rearing. Space heaters could also be provided (but are not
included) to reduce the load on the water boiler during wintertime operations, when LMB
broodstock or other fish species are overwintered in the raceway.

Effluent Ponds

Two earthen effluent ponds, each having bottom dimensions of 30 ft by 80 ft, will
be used to settle-out solids from the hatchery building and raceway unit effluent. Three
sides of the ponds will have standard 3: t slopes, while the east berm will feature a 5: 1
slope to facilitate entry by a front-end loader. The ponds will have individually valved 6-
inch diameter PVC inlet pipes and concrete outlet structures with slots for level control.
The overflow from the ponds will be piped to an open ditch that discharges into the
nearby marsh. Each effluent pond will be periodically isolated and allowed to dry. The
concentrated waste on the earthen pond bottom will then be removed by a front end
loader. This nutrient rich soil will make excellent fertilizer, and after being totally dried,
can be spread on crops, pasture and timber land.

The effluent ponds receive water from the hatchery and raceway unit, and thus
could be used to overwinter some fish. A solar pond liner (not supplied), as commonly
used on swimming pools, could also be used as a passive source of solar heat energy to
increase water temperature and improve overwintering survival.

Site Work

Miscellaneous site work includes providing: yard piping to and from the hatchery
building and the raceway, and drain/overflow piping to the effluent ponds; filtration and
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disinfection of river water to be used as potable water-and its transmission to the hatchery
building and the residence; a septic system for the hatchery and residence; a monitor and
alarm system for the hatchery building and the raceway; electrical power transmission
extending to the river pump station and south slough, as well as raceway, water treatment,
including the residence to be supplied by the Owner; surfacing of the hatchery building
parking and raceway area; and finally an entry gate and fence to control entry to the fish
hatchery (existing barbed wire fence is to remain).



PROBABLE COST

The purpose of this cost estimate is to provide current information about project
budge requirements. The estimate includes cost items for facility program
implementation, except for office furnishings, vehicles, laboratory equipment, computers,
and other specialty items. Since there is no diit control over the cost of labor and
materials in the context of the competitive bidding process, a guarantee of cost estimate
accuracy cannot be given. The cost estimate presented in the Table at the end of this
Seciton has been prepared without the benefit of detailed plans and specifications. More
detailed cost data will be developed during the project design effort.

Sources

Construciton costs are bhased on unit prices which were determined by J-U-B
Engineers and JC Aquaculutre Consultants based on professional experience and recent
bid results for similar projects in other locations. Costs were estimated in 1995 dollars
and esclated to represent 1996 construciton cost. No allowances were made for extra
costs related to overtime work or adverse weather conditions.

Design and Construciton Contigency Allowance

Any construciton project can have certain unpredictable expenses, both minor and
major changes in process and design, estimating errors, rapid price changes for some
components, labor shortages or strikes affecting both productivity and schedules and
overlooked items. To cover the cost of these umpredictable expenses, an allowance for
various contingencies must be included I the  total project cost at all levels of estimating.
The contingency is designed to reduce project risk and should be large enough to cover
all likely unforeseen and unpfiedictable events, conditions and occurrences. The
contingency will vary accorking to the type of project, complexity of design, length of
construction and geographical location. This allowance can be reduced as the desigh
progresses from concept through final working documents, but the contigency must
remain throughout the life of the project as a reserve for events that experience shows will
likely occur.

1) Design Contigency Allowance: A design contigency allowance relative to the
complexity of the design is to be included in all levels of estimates to
compensate for the lack of defmition, omissions, underestimates of both
quantities and costs, changes in the design or corrections to erroneous
assumptions. Based on past experience, a minimum design contigency applicable
for this phase of the project is 10 percent.

2) Construction Contigency Allowance: A construction contigency allowance
is used at all levels of estimates to cover unknown site conditions, additional
costs caused by longer project schedules, lower than anticipated productivity and
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cost overrun3 due to a lack of definition in the construction documents. A 5
percent construction contigency is included.

Owner Supplied

The Engineer’s Opinion of Probable Cost, which appears on the next page, shows
all work to be done by the Contractor under the column entitled “Base Bid”. The nit
prices for this work include the Contractor’s Overhead and Profit mark-up of 20 to 25
percent. For this reason, a portion of the new hatchery work that can be easily provided
by the Kalispel Natural Resources Department staff- such as purchasing, installing, and
interconnecting water treatment units with PVC

13
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GEOTECHNICAL  ENGINEERING EVALUATION
PROPOSED  FISH HATCHERY
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USK, WASHINGTON

August  25, 1995



August 25.1995
Project  No. SO423-0110

Mr. David J. Kliewer,  P.E.
JUB Engineers, Inc.
422 W. Riverside,  Ste. 722
Spokane,  Washington  99201

Dear Mr. Kliewer:

RE: REPORT
Geotechnical Engineering  Evaluation
Proposed Fish Hatchery
LeClerc Creek Road
Usk, Washington

‘Howard  Consultants. Inc. has completed the authorized geotechnical engineering
evaluation for the proposed fish hatchery  to be constructed on the Leclerc  Creek Road, Kalispell
Indian Reservation  near Usk, Washington.  The evaluation was  performed  in accordance with
the authorized scope of our proposal dated July 14, 1995.

The attached report presents the results of our research,  field evaluations, and
engineering  analyses. Conclusions and recommendations with respect to the soil and geologic
conditions are included in the report to assist project planning and design. Based  on the results
of this evaluation  and our experience with similar  site  conditions, it is our opinion that the site
is suitable for the proposed development.

The report has been prepared  based on limited information  about project plans and
design. We recommend that we review the final  plans and design to verify  that OUT
recommendations  are consistent with the plans. We recommend that Howard  Consultants be
retained perform  all required and recommended  construction observation  and monitoring. These
services would be performed on a time and expense basis.

We appreciate the opportunity  to be of service to you on this project. We are
available to answer any questions that you may have regarding this evaluation.

sincere1y.
HOWARD CONSULTANTS, INC.

Chris C. Beck, P.E.
Project Engineer

wMs:kh

W. Mark Storey, P-E.
Senior Engineer
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REPORT

Geotechnical  Engineering Evaluation
Proposed  Fish Hatchery

Leclerc Creek Road
Usk, Washington

INTRODUCTION

Howard  Consultants, Inc. has completed the authorized geotechnical engineering

evaluation for the proposed fish hatchery to be located adjacent to the Pend Oreille River

approximately  nine  miles north of Usk, Washington. The purpose of the evaluation was  to

investigate the subsurface soil conditions with respect to the proposed development and to

provide geotechnical engineering  recommendations to assist project  planning, design, and

construction. The scope  of work for the evaluation was limited to the following:

1. An in-house  literature  review of pertinent geologic and soil information for the
site  and surrounding area.

2. A visual field reconnaissance of the geologic and soil conditions for the site  to
assess  the potential for artificial fills  or other potentially harmful  geotechnical
features.

3. A field  evaluation by drilling five exploratory  borings within the proposed
development area. The soils encountered were visually classified using the
Unified Soil Classification  System (USCS) at the tune of exploration and the
subsurface profiles  were logged.

4. Laboratory  tests to assess some of the soil  engineering  properties and physical
characteristics  of the subsurface materials sampled.

5. Engineering analyses and preparation of recommendations  for foundation design,
settlement, lateral earth pressures,  earthwork,  subgrade  preparation,  embankment
design, earth anchor capacities, and draiige.

6. Preparation  of this summary report of our findings.
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PROPOSED  CONSTRUCTION

It is our understanding that the proposed construction will consist of a hatchery

building near the roadway,  and two water-retaining  structures  across  the natural sloughs adjacent

to the Pend Oreille  River. The building will likely have column loads on the order of five kips

and perimeter (strip) foundation loads on the order of two to three kips per linear foot. The

building is planned to be constructed without a subgrade basement  retaining wall. The structure

will  be supported by the perimeter,  strip footings. and by interior column footings.  Concrete

slab-on-grade  floors  are anticipated for the building interiors.

Access driveways  to the building will be constructed from the east property boundary

at the road. Driveway  and parking areas will likely be gravel surfaced.  Cut and fill  grading

on the order of two to three feet. will be required to develop the property. Structural  fill

placement may be required for utility trench backfill,  and building pad construction. Final

design of the site improvements was not complete at the time of our studies.

EVALUATION  PROCEDURES

Five borings were drilled in the proposed building and impoundment areas. The

approximate locations of the borings are indicated on Plate 1, Site Schematic. The exploratory

locations were established in the field by taping and pacing from existing site  fatures.  The field

work was performed by a geotechnkal engineer  from our off& on July 28, 1995.

The borings were drilled with a Boretec B-24 trailer mounted drill rig equipped with

standard four inch inside diameter  flight augers. The soils encountered  were visually described

and classified in accordance with ASTM D-2487 and D-2488.  The subsurface  profiles  were
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logged and the depth to groundwater was measured and logged where encountered. In-situ

sta&.rd penetration (SPT) blow count determinations  were conducted in accordance with ASTM

D-1586.  Selected soil samples were obtained for possible laboratory  testing.

PROPERTY  CONDITIONS

The proposed fEh hatchery facility is to be located approximateIy nine miles north

of Usk. Washington  on the east side of the Pend Oreille River. The property is bordered  on the

north and south by undeveloped land, on the east by Leclerc Creek Road,  and on the west by

the Pend Oreille River. Access to the development will  be from the east, from Leclerc Creek

Road. Specifically,  the site  is centered at the common comers of Sections 17, 18, 19, and 20.

Township 34 North,  Range 44 Past,  Willamette Meridian.

At the time of our field evaluation,  the ground surface of the property  was relatively

level at the area of the sloughs, and gently sloping to the west at the area of the proposed

building. Maximum relief across the property  was on the order of 20 to 25 feet. Vegetation

on the site primarily  consisted of wild native weeds, brush, and mature trees.

SOIL AND GEOLOGIC CONDITIONS

The USDA Soil Conservation  Service (SCS) has mapped the soils  on and arotmd the

site in “Soil  Survey of Pend Oreille  County Area,  Washington”, 1968,  as the Cusick silty clay

loam, Daikena  fine sandy loam and Sacheen loamy fine sami. The Cusick and Dalkena are

mapped as fluvial soils adjacent to the Pend Oreille River, and the Sacheen is mapped as old

alluvial fan material next to the road. These soils typically consist of very deep grained sands
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and silty clays,  formed from alluvial reworking  of glacial debris deposited  on outwash plains.

These soils are reportedly low to moderately  permeable, are poorly draii, and have rapid

runoff.  They have a low to moderate  shrink/swell  potential and a slight erosion hazard. The

pH of the soils typically ranges from 6.1 to 7.3. The corrosive potential of the soils is

considered moderate  for uncoated steel and moderate for concrete.

Bedrock geology at the site was  mapped as Quaternary  glacial lucustrine deposits

overlying Metasedimentaty  rocks on “Geologic Map of Washington  - Northeast Quadrant” by

Stoffel and others,  1991. The alluvial soils consist of silt, clay. and minor sand lucustrine and

fluvial deposits interbedded. Our exploration  and surface observation  generally support this

mapping.

SUBSURFACE  CONDITIONS

Topsoil or fill  was  encountered at the ground surface in all five borings. The topsoil

was  1 to 1.5 foot thick and consisted of brown to dark brown, moist fine  sand with roots and

organics. The root zone extended up to approximately 18 inches  below the ground surface.  The

fill  was  up to two feet thick and consisted of sand, gravel, and clayey silt containing minor

debris.

Native alluvial soils were encountered below the fill  and topsoil in all of the borings.

These soils  generally  consisted of interbedded silt clays, fine  silty sands, and clayey sands- The

thickness of the individual units ranged from one to eight feet and the relative density ranged

from medium dense to dense.



FISH  HATCHERY - usk
Project  No. SO4234110

pase5

Ground water was  encountered in the borings at the time of the field evaluation. The

groundwater  was observed at depths of 12 to 13 feet in borings B-l through B-4,  and six feet

in B-5. It should be noted that the elevation of the water  table may vary with changes in

precipitation,  infiltration,  irrigation, and development  in the area.

Detailed  descriptions of the subsurface  conditions encountered in the borings are

presented in Appendix  A. The Unified Soil Classification System (USCS) shown on Plate 3,

should be used to interpret the terms used on me exploratory boring logs and throughout this

report.  The subsurface  conditions encountered varied from boring to boring. There may be

additional variance  across the site and these conditions may not be apparent  until construction.

The possible variation of subsurface conditions that may be encountered during construction

could affect  construction  costs, plans, and schedule.

General

RECOMMENDATIONS

It is our opinion that the site  is suitable for the proposed fish hatchery development

with respect to the soil  and geologic conditions encountered. The following recommendations

are presented to assist the planning and design of the proposed building and water  impoundment

stmctures. Our recommendations  are based on our experience with similar soil  and geologic

conditions and our understanding of the proposed construction.
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The recommendations  are presented based on our limited understandii  of the plans

for the project. We recommend  that we review the final  plans and if txasaty revise our

recommendations. If we are not authorized to perform  the review we cannot be responsible for

geotechnical design errors or omissions.

Site Preparation

We recommend  that vegetation,  fill, and topsoil  be excavated  from the proposed

building, roadway and water  impoundment  areas prior to initiating site grading.  The topsoil

should be removed from the site  or stockpiled on site and reused for landscaping. We estimate

the thickness of the topsoil to range from 12 to 18 inches  across the property. The uncompacted

fills  encountered  in the eastern portion of the property are estimated to range from one to two

feet. The fill may be suitable for reuse as backfill and structural fill. Reuse of the fill  should

be monitored by HCI during construction.

After the topsoil and fill are removed,  the upper 8 inches of the exposed native soil

subgrade should be, moisture  conditioned and compacted to at least 92% of the maximum dry

density as determined by ASTM D-1557 (Modified Proctor) prior to construction  of roadways

or placement of structural  fill and bactill.
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Excavation

The site soils  may be excavated with conventional soil excavation equipment. During

the dxy months a water  truck may be necessacy  to suppress air-borne  dust.

Caving or trench wall  failure may hamper  excavation of trenches greater than 4 feet

deep. The sides of excavations greater than 4 feet deep, including excavation for utility trenches

should be sloped at no greater than 1.5:  1 (horizontal to vertical) utilizing OSHA regulations and

local  codes.

Structural  Fd

Fill can be classified as backfill,  structural fill  or non-structural fill. Backfill is

defined as soil placed against the outside perimeters  of the foundation walls.  . Structural  fill  is

defined as fill which underlies, or is within 5 feet of. building and pavement  areas. Non-

structural  fill is fill  which is at least 5 feet outside of building and pavement  areas. Structural

fill should consist of GW, GP, GM, SW, SP, SM. or ML soil as designated by the Unified Soil

Classification  System,  Plate 3.

Structural  fill should be placed in eight-inch-thick.  loose lifts  at near-optimum

moisture content and compacted to at least 92% of the maximum dry density as determined by

ASTM D-1557 (Modified Proctor). Non-structural  fill  should be placed in twelve-inch-thick,

loose lifts and compacted to at least 85% of the maximum dry density as determined by ASTM

D-1557 (Modified  Proctor). The on-site sandy and gravelly  soils appear  to be suitable for use

as structural  fill and backfill. Areas of clayey  soil material exist, and are not suitable sources

for structural  fill. We recommend that HCI be retained to determine  the suitability of specific
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on-site soils as fill  during development  of the site. It will  be necessary to moisture condition

these soils to near optimum moisture  content before placement and compaction. We recommexxl

that a large smooth drum vibratory  roller be used for compaction.

Spread Footing Foundations

It is our opinion that-the site  is suitable for the proposed building construction.

Structure(s)  should be supported by conventional spread footings designed to bear on the native

soils or granular structural fill  (underlain  by native soils).  Any fill placed in areas to support

foundations must be compacted to a minimum of 92% of the maximum dry density as

determined by ASTM D-1557 (Modified  Proctor). After  the foundation  soils are excavated to

the planned subgrade,  the upper 12 inches  of exposed native  soil should be moisture conditioned

and compacted to remediate the disturbance resulting from excavation  activities.

We recommend that foundations for the structure be designed based on a maximum

allowable bearing pressure of 1500 pounds per square  foot on the native clayey soils. Interior

column footings should be embedded at least 16 inches  below the top of concrete slabs. The

allowable bearing pressure may be increased by up to 30% to account  for transient  live loads

such as wind or seismic. Based on these recommendations, it is our opinion that total  and

differential  settlements will be on the order of 1 l/4 inch  and 3/4 inch over a 50 foot span,

respectively.

All foundation bearing surfaces should be free  of loose soil and debris just prior to

placing concrete. Exterior footings should bear at least 36 inches below the exterior ground
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surface to protect against frost  action. The strip footings should be a minimum of 16 inches

wide. A coefficient  of friction  f, = 0.25 should be used for design of foundations supported on

the native soil.

When constructing foundations,  it is likely that varying  geologic conditions will be

encountered. Our site exploration  delineated several soil  types at the proposed bearing level in

the area of the proposed building (borings B-l, B-2,  and B-3). Grading and excavation

operations at the site may expose differing  materials within the same foundation excavation. We

are of the opinion that transitions  from one to another soil  type within the same foundation

excavation is acceptable provided that the footings are stiffened with extra reinforcing  steel  to

account for “soft”  spots.

Lateral Earth Pressures

Below grade walls should be designed to resist lateral earth pressures.  We

recommend that the lateral earth pressures  be calculated using an equivalent fluid pressure  (efp)

of 70 pounds per cubic foot (pcf) for the at rest case (no wall movement);  50 pcf for the active

case (wall movement away from the soil mass); 230 pcf for the passive case (wall movement

towards the soil mass). A coefficient  of friction between the native soils and concrete of f,

=0.25 should be used for retaining wall designs.

At-rest earth pressures are typically used for foundation retaining walls that suppon

building loads and cannot withstand lateral movement. Gravity  or cantilevered retaining wdk

that do not support  building loads and can tolerate lateral displacement  can be designed Ming
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active earth pressures. Passive earth pressures  are typically  used in conjunction with the soil

coefficient  of friction to resist either the active or at-rest  earth pn3sures acting on a retaining

strucalre.

The above equivalent fluid pressures  assume that the retaining walls are drained and

that there are no hydrostatic forces acting on the walls. We recommend that the walls be

drained so that hydrostatic forces do not adversely  affect  the walls and to reduce the potential

for leakage or seepage. We recommend that the exterior  wall surfaces  be draped with Miradrain

(or equivalent). At Cinch diameter  perforated  pipe should be utilized to collect the water

discharged from the wail  drain. A solid 4-inch pipe should then divert these waters to a suitable

discharge receptor.

Concrete  Slabs-On-Grade

We recommend that the upper 6 inches of subgrade soil underlying concrete  slab-on-

grade floors be moisture conditioned and compacted to at least 92% of the maximum dry density

as determined by ASTM D-1557. The concrete  slab-on-grade  floors should be underlain  by at

least 6 inches  of 5/8-inch-minus,  well-graded,  crushed sand and gravel base course with less  than

5% passing the #200 sieve. The base course will provide structural  support, a leveling course

and moisture protection for the slab. The base course should be compacted to at least 95% of

the maximum dry density as determined  by ASTM D-1557 (Modified  Proctor). The slabs

should be designed  for the anticipated use and loading.

It has been our experience that performance of impermeable floor coverings  is

significantly  affected  by moist or wet conditions. Moisture vapor may permeate through typical

basement floors. To prevent poor performance of impermeable floor coverings,  we recommend
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that consideration  be given to including a moisture and vapor barrier  beneath concrete slab-on-

grade floors. The barrier should consist of a 2-inch-thick layer of clean coarse sand covered  by

thick polyethylene  sheeting covered  with an additional 2-inch-thick  layer of clean coarse sand.

This barrier should be placed between the base coarse and the concrete slab-on-grade floors.

Road Subgrade Preparation

Subgrade soils for the roadways will likely be native or fill  soils consisting of sandy

silt and/or silty clay. It is our opinion that the native soils  encountered  in our borings are

acceptable for use as subgrade materials  underlying pavements providing the soil  meets the

specified compaction  and site preparation  recommendations. The roadway section should be

designed to resist frost action and facilitate drainage.

We recommend the base course consist of 518 inch-minus, well-graded,  crushed sand

and gravel,  with no more than 5% passing the #200  sieve be included in the roadway design.

The base coarse  should be compacted to at least 95% of the maximum dry density as determined

by ASTM D-1557 (Modified Proctor).

Sheet Piling Water Impoundment

It is our understanding  that the hatchery water impoundment  structures may be

construction  may be constructed  utilizing driven sheet pile and h-pile system where as the

cantilevered  portion of the sheet piles will  be utilized to retain the water. Sheet piles will be

constructed to retain up to six to seven feet of water, above the top of the sediment level. Based
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on our computations,  the sheet piles will be a minimum of seventeen  feet long, with seven feet

of pile exposed above the sediment level. Free surface water will act both at the toe and behind

the impoundment.

Based upon our computations,  and observations of the soils within the exploratory

borings, PZ-27 Standard US Steel  sheet piles may be utilized for construction of the water

impoundment. The overflow structure  may be constructed utilizing standard “H” piles,

constructed in a way that wood  slats may be utilized to change the level  of water behind the

impoundment. The sheet pile  wall should extend at least three feet beyond the edge of the

impoundment slough on either side. Additionally,  the joints between the individual sheet piles

should be constructed  or provided with suitable leak  prevention  material as to minimize the

potential for leakage of the sheet  pile wall system. Based  on our assessment of the soils  in the

area of the proposed  impoundments. we are of the opinion that corrosion  of the sheet piles will

not hamper  the effectiveness of the impoundment system for at least 50 years.

Pre-Cast Concrete  Water Impoundment  Structures

It is our understanding that the proposed hatchery impoundments may be const.ructed

utilizing a precast concrete panel  supported on helical  earth anchors.  The precast panel will

be supported against lateral loads  via inclined anchors, and will  be imbedded into  the native soils

a sufficient distance to minimize the potential for piping or internal soil  erosion.

Based on our computations, and assuming a maximum head differential  of seven feet

between the interior and exterior  of the impoundment structure,  we recommend the concrete

panel extend a minimum of five and a half feet into  C-m native material to reduce the potential
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for future piping or internal soil erosion. This may be accomplished by excavating  a trench or

ditch perpendicular to the slough, placing the concrete pre-cast  panel structure, backfilling  the

interior  side-  with a bentonite-soil mixture,  and backfilling the remainder of the excavation with

native material. Helical earth anchors may be installed to resist both lateral and vertical stresses.

The anchors must be structurally  tied to the panel to provide proper long term support. We

recommend the following table for design of helical anchors in the native soils.

Allowable Anchor Capacities
Minimum Extension = 10 feet

Helices Diameter(s)  -
I

Tensile Capacity
inches

Compressive  Capacity
(Kips) Wps)

I 8-10 I 6.5 I 6.5

lo-12 I 9.8 I 9.8

g-10-12 12.3 I 11.7

I 10-12-14 17.6 I 15.8

If additional design criterial  or information regarding helical anchors is required,  we

can provide the information.
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Embankment Stability

Constructed  slopes are commonly  susceptible to minor sloughing. To minimize

erosion and slope instability, we recommend  that constructed slopes be designed for a maximum

inclination of 3: 1 (horizontal to vertical). Cut slopes and fill slopes constructed for roadways

should be designed for a maximum slope of 3: 1 (horizontal to vertical). Material placed for fill

slopes should be placed in eight-inch-thick,  loose lifts  and compacted to a minimum of 92% of

the maximum  dry density as determined by ASTM D-1557 (Modified Proctor). All slopes

should be re-vegetated  as soon as possible after construction is complete.

Storm Water Drainage  and Ground Water

Development of this site  will alter the run-off and infiltration characteristics  of the

site. We recommend  that run-off from the proposed site  be collected and directed away from

the foundations  to a suitable discharge receptor. Site grading should allow  for positive drainage

of surface water away  from the proposed st~ctures. Irrigation should be minimized adjacent

to the stmctures.

Ground water was  encountered in the borings at the time of the evaluation. Based

on our exploration,  we anticipate that ground water may be encountered in the excavations at

the time of construction.  Ground water may exist during the life of the structure.  Therefore,

recommendations  for below grade wall drainage should be followed.
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Erosion Control

Erosion control measures such as silt fences, straw bale dikes, and sediment basins

may be necessary  if construction  occurs during heavy periods of precipitation  in the winter and

spring months.  The exposed native soils will be susceptible to gullying and erosion. Minor

areas of sloughing may be anticipated on constructed slopes untiJ vegetation is established. We

recommend constmcted slopes be maintained through removal of sloughed materials and

reseeding these areas. All areas that are disturbed during construction  should be re-vegetated

as soon as practical.

Seismicity

The proposed development  site  is located  within Zone 2B in the 1991 edition of the

Uniform Building Code. Zone 2B corresponds  to an earthquake of intensity VJJ on the Modified

Mercalli  scale or approximately  5.5 on the Richter scale.  A soil factor of S, S, S, S, as shown

in table 16-J in the 1994 Uniform Building Code should be used for seismic design.

Plan Review and Construction  Monitoring

We recommend that Howard  Consultants, Inc. review the final plans and

specifications  for the project prior to construction. It has been our experience that having the

cons~hants from the design team review the construction documents prior to bidding minimizes

the potential for errors and also  reduces costly changes to the contract during construction.

Also,  we recommend  that Howard  Consultants,  Inc. be retained to provide the following



construction  monitoring  services to verity the soil conditions,  report recommendations,  and

materials specifications  requirements  are incorporated into the actual construction:

1. Observe  earth work operations  at the site;

2. Observe  the foundation excavations.

The costs for these services are not included in the scope of work for this evaluation.

If we are not retained to provide the recommended  plan review and construction monitoring

services,  we cannot be responsible for soil or materials engineering  related construction errors

or omissions.

EVALUATION  LIMITATIONS

This report  has been prepared  to assist the planning and design of the proposed fsh

hatchery located on Leclerc Creek Road, Kalispell Indian Reservation,  near Usk, Washington.

Our services consist of professional opinions and conclusions made in accordance with generally

accepted geotechnical  engineering principles and practices. This acknowledgement  is in lieu of

all warranties  either expressed or implied.

The following plates accompany and complete this report:

Plate 1 - Site Schematic
Plate 2 - Unified Soil Classification  System
Plate 3 -
Plate 4 - Proctor Test Results
Plate 5 -
Plate 6 -
Plate 7 -
Plate 8 -

Appendix A - Boring Logs
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APPENDIX D

ElVGINEERING  DESIGN FOR LARGEMOUTH  BASS HATCHERY,
REARING SLOUGHS,  AND EFFLUENT  PONDS
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