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- EXECUTIVE SUMMARY

: .In 19§l and 1‘992 the NationalMarine Fisheries Sewlce completed the second»and third
: years ofa 3-year study to estrmate juvemle salmomd (Oncorhynchus spp ) trrmng and sumval
‘ charactenstrcs related to passage through the Prosser Dam complex, mcludrng the Chandler Canal |

' and the Chandler fish eollectlon facrhty, on the Yakima Rlver. Yearllng chmook (0. tshauyrscha), :
and coho salmon (0 kisutch) yvere collect:ed at the Chandler facility, PIT: tagged, and released at -
various l‘oCat;ions' in the Yaklma Rive/r,‘ Chandler ._Canal, and the Chandler facility. 7 Individual ﬁsh .
were subsequently d‘eteCted’ at PITQtag‘detectlon fno‘nitors at theChandler facility and/or McNary'
: Dam on the Columbra River. Survrval through various reaches, PIT-tag detectxon etﬁcrency, and
| Chandler Canal fish entramment proportron parameters were estlmated usmg maxrmum hkehhood,
techmques | | ‘ s

The research objectlves in 1991 and 1992 were to: 1) assess the eﬁ'ects of passage

;.through the Chandler Canal and the Chandler fac1hty on the surv1val of juvenile salmomds 2)

determlne the entramment rate of Juvemle salmomds into the Chandler- Canal asa -ﬁmcnon of river

ﬂow and 3) determine the efﬁcrency and rehabllrty of the PIT-tag monltonng system at the | )
\»Chandler faclllty The 1mt1al 1990 research plan was expanded in 1991 and 1992 to mclude
| several more release locatlons and many more release days » | | ‘

A total of 26 267 yearhng chmook ‘and 8, 359 coho salmon in groups of approxrmately 200
fish in 1991 and 125 ﬁsh in 1992 were PIT tagged and released at each release locatron Releases

were made over 35 days in 1991 and ll days in 1992 Mortahty related to the taggmg and

. yholdmg process for both years was approxrmately 1% Data from three of the release dates were -




- not used in theanalyses due to apoarent malﬁ)nctions'of the_ main KPI"I;-tagV detector in’th_e
:l ‘ Chandler facrhty et | | | | |
| In general the assumptlons of the statistical methodology were not. wolated Howeverv
data from one of the release days was not used in the maxrmum hkehhood analysis due to
. wolatlon of one of the assumptrons , | | |
. The measured mortahty in the Chandler Canal and facihty was 7-16% for yearhng chmook‘
: .and 11% for coho salmon Thls mortahty mcreased to 63% after nnd-May 1992, when canal
| f : water temperatures exceeded 15°C (59°F) and water ﬂow was less than 30 0 cms (1060 cfs)
| Predlction curves relatmg the proport1ons of water (Fl) and ﬁsh (Fl) entramed into the
: Chandler Canal were calculated asFi= 71.368 - 0;234/F1 and Fi= O 828 +0.213Fl for yearling
chinook and cohof salmon, resnectively. ' Entrainmentestimates into the Chandler Canal under
“various ﬂows based on these curves w1ll haye fairly Tow preciSion, will be valid only for flows
ohserved in these studies, f»and will «reduire adjustment for expected Chandler Canal survival,
 Fish entrainment proportion and surviVal estimates l‘or Chandler Canal'were also »'
generated using information from Chandler facility dete(:tions of fish released in' the Prosser Dam
'forebay and-at the headworks of the Chandler Canal These estimates were quite similar to the
' statistically optimum maxlmum hkehhood estimates and the methods used to calculate them can
be used for future studles However 100% survrval in the Prosser Dam forebay must be assumed
and the Chandler facihty PIT-tag detection efﬁcrency must be estimated
The detectlon eﬁiciency of the Chandler ﬁacrhty mam PIT-tag detector was estimated as

consrstently exceeding 95%, although at least three down-time occasions lastmg several hours

- were observed.




Mest of the II’ITftagged‘ﬁsh\released aberve the ‘Chandler facility ytrere detected withina |
\"‘ few hcurs, ‘Med‘i‘an nt'raveltih'le to McNary Dam decreased over time, from as'ichg Javs 17 days to
= as Shott as 6 days for yearling chinook salhton and from 5 da&s to '3’ days for‘ coho saltndn |

| If| precnse survxval estlmates in the Yakxma Rlver system are requxred addmonal studles -
-are needed to unprove prec1s1oh and accuracy of the estlmated ﬁsh/ﬂow entrainment relatlonshnp ‘
and determme more accurately mortalities related to passage through the Chandler Canal and
faclhty Also hngh eﬁic:ency of the Chandler faclhty PIT-tag detectlon system should be

' ,mamtalrned and detector malﬁmctnons or down-ttmeshould.be fully dqcumented.; .







. -mrnowcnolv
, Juvemle salmomd survrval studies planned for the Yakrma Basin wrll requrre the release
vand recapture of large numbers of marked ﬁsh Before these studres can be 1mplemented
1nformat10n 1s needed about potentlal recovery and survrval rates of marked fish at proposed
samphng sites. The type of mark employed and the eﬁicrency of equrpment used to detect or
capture and examine ﬁsh must be evaluated since accurate and precrse survrval estimates depend -
- on thelr rehabrhty Recovery and sumval rates are expected to vary wrth specles and life stage as
 well as envrronmental factors. such as river ﬂow and water temperature. ST
The Chandler.Canal on'ginates downstream from Prosser Dam at river kilometer 76 on the
t Yakrma Rrver (Fi 1gs 1and 2) ThlS canal delrvers water for power productron (approxrmately
28.3 m /second (1000 cfs)) and 1mgatxon (approxxmately 11. 3 m3/second (400 cfs)) A trash
~removal and fish diversion screen facrhty is located 1.6 km ,downstream from the canal
headworks. CA hypass pip’e diverts ﬁsh throughthe Chandler Canal juverﬁle ﬁsh collection facility
(Chandler facility) and back into the Yakima River Fig2). -
In 1990, the Natronal Marme F rshenes Servrce (NMF S) began a 3-year study to assess the ;
: ‘mark-recovery capabrlmes of the Chandler facility and to estimate juvenile salmomd tlrmng and
| sumval charactenstxcs related to passage through the Chandler Canal and facrlrty Results of the
1990 study were reported by Ruehle and McCutcheon (1994) The prrmary objectlves of the |
| 1991 and 1992 studres were \ | | |
1) To assess the eﬁ‘ects of the Chandler Canal and the Chandler faclhty passage on

the sumval of Juvemle salmomds
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Flgure 2. Yaklma River near Prosser, WA showmg Chandler Canal ]uvemle ﬁsh collectlon
facﬂlty, and release locatlons (.R) of PIT-tagged Juvemle salmon. -
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| 2) To determine the e'r’ttrainment rate of juvenile salmonids into the Chandler Canal as -
 afanction of river flow; and
3)  To determme the efﬁmency and rehabrhty of the PIT-tag momtonng system atthe

Chandler facﬂxty,
- METHODS

| Expenmental Desngn 7 B |
Yearhng chinook salmon (Oncorhynchus tshauytscha) and coho salmon (. kzsutch) were .

k acquxred from the samplmg system in the Chandler facrhty The ﬁsh were PIT tagged using -

procedures and equlpment srmllar to those descnbed by Prentlce et al (1990) Frsh were rejected
- 'pnor to tagging if they were dxseased mjured descaled or prevrously marked Aﬁer taggmg, ﬁsh "
were allowed to recover in portable contamers supphed wrth aerated water from the Chandler (
Canal. Indmdual release groups were held in separate containers. PIT—tagged fish were held for'
- a ntinlmum of 24 hours fdr: reeoyery‘and to ev_aluate delayed mortality. Equal rtixmbers of fish |
were tagged for all releases on the same day, w1th generally 200 and 125 ﬁsh per release locatlon
in 1991 ancl 1992 respectlvely

PIT-tagged fish were released in the evening as snmultaneously as possrble at all release .

. ‘locatlons. The release locatlons were as follows (see Flg.- 2):

"Rl = Approximately one km upstream fromb Prosser Dam.
R2 = The headworks of the Chandler Canal
" R3 ‘, =0 Immedlately below Prosser Dam -




R4 = At the Chandler facxhty outfall.
RS = Atthel®2 beidge.
R6 '=_ ; Immedxately aﬁer the main PIT-tag ( detector in the Chandler fac1hty

: PIT-tagged fish were subsequently detected at the main and sa.mple PIT-tag detectors at the

| Chandler facnhty (Rl and R2) and/or the main and sample detectors at McNary Darn (all releases)
. ‘Tagged ﬁsh mcluded m the sample at the Chandler faclhty were held until the followmg mormng,

' ,exalmned and released into the outfall plpe ‘ | |
T Data Analysis .
Datahase Prbcedures | - | \7\7 7
Completed tag and release ﬁles were electromcally transferred (uploaded) to the PIT-tag

‘ Informatlon System (PTAGIS) database mamtamed by the Pacific States Marme Fxshenes

' Comnnssnon (PSMFC). Uploaded files contarned tagging sesston and release de_taxls (dates,

: /; loeatlons etc;) and information ‘for’each tagged fish (PIT-tag code species‘ length, miscellaneous |

lrcomments etc.). PIT -tag detectlons were collected automatlcally by the PIT-tag detectors at the

| Chandler faclhty and McNary Dam, and mformatron such as PIT-tag code and observatlon date

E k,and site for each detected ﬁsh was uploaded to an observatxon file.

" The 1mt1al data analysrs step was to retneve data ﬁ'om the PTAGIS taggmg and
observatlon ﬁles F or each year, taggmg and observatlon reports were generated in the comma-
- separated, vanable (CSV) forrnat and contamed the cornblned ,1nformat1,on from all/releases. The

| tagg‘ing'report vcontained one record of tagging and release infonnation per PIT-tagged ﬁsh, while
- the obseryation report contained multiple,recor'ds per PIT-tagg_ed fish: one for enery detection

~ time and location.




Quallty Control

The reports described above were exammed for erroneous records mconsrstencles and
| data anomahes.»v Records were ehrmnated or lnforrnatron corrected where appropnate; A record
fot}“ “all eliminations or changes was kept RecOrds were elimlnatéd' for the following reasons:
1) PIT-tagged fish was detected before release | |
2) Detected PIT-tagged fish was prevnously classrﬁed asa mortahty
3) PIT-tagged fish was detected at McNary Dam before detectron at the Chandler facrhty
' _4) PIT -tagged ﬁsh was s detected at the Chandler facrltty from release groups R3-R6.
: Mortalmes that occurred between tagglng and release were recorded and a mortahty file
‘was uploaded to PTAGIS A CSV mortalrty report was generated and subsequently mortalities
Were elumnated from the taggmg report - | |
| ‘Due to the quahty control process, all data used in statistical analyses were from PIT{
tagged ﬁsh known to be relea_sed all_ve at the intended release 'location and date and who;se
j detection records were consistent and logir:al as to downstream passage. |
) Multinomial Lihelihood Estimation. | |
: The followmg parameters were estlmated usmg maximum hkehhood estimation
procedures (Burnham et al 1987, Mood et al. 1974)
81 = ‘Survrval probablhty from one km above ’Prosser Dam to its tarlrace or the o
| ‘ begmmng of Chandler Canal |

S2 = Survival probabrhty from the begmmng of Chandler Canal to the main PIT-tag

detector in the Chandler facthty




 were assumed multmonually drstnbuted for each release group The hkehhood ﬁmctton was the

: 83 | = Sumval probabllrty ﬁ'om the Prosser Dam tallrace to the Chandler faclhty
outfall | s | | | |
SA = | ‘Su_rvrval probabili‘t;l from just( below the sam’ple leemion :gate in the Chandler ,
ﬁ facrlrtytotheoutfall o . | » ” : ' |
S;4 | = Survrval probability ﬁ'om the Chandler facnhty outfall to the I- 82 bndge
| ‘ (estrmated only in 1992) | | B
\4S'Ml-"= 'Combmed probablhty of sumval from the Chandler facrhty outfall to and
| ‘ recapture at McNary Dam (estlmated in 1991) | )
- SM2= Combxned probabrlrty of sumval from the I-82 bndge to and recapture at,
.l _.McNary Dam (estrmated m 1992)
D = Dwersron probablllty into Chandler Canal |
| P = Detectron probablhty in the Chandler facility (1 e, detectlon by the main or
~ sample PIT-tag detectors) | . |

The data were summanzed in-detection lustones as deﬁned in Table 1. The detectron histories

probabrhty of the observed data vxewed as a ﬁmctlon of the parameters (Bumham et al 1987) |

| Therefore, a rnultmomxal hkehhood functnon was used for each release group  and the hkehhood o

~ model for the study was written as a product.ofI independent lilcelihoods; where I was the

" number of release groups (I. = 4 for 1991 and 5 or 6 for 1992),

' ’Detectlon hxstones were denoted as capture hlstones in the historical mark-recapture

= literature. However, PIT-tagged fish were not "captured" as much as- thelr passage through a

location was "detected" '

10



Table 1. Potential detection hlstones for PIT-tagged yearlmg chmook and coho salmon released
in 1991 or 1992. Abbreviations: CHF-Chandler facility; MCN-McNary Dam; R1-
. approximately one km upstream from Prosser Dam;, R2-the headworks of the Chandler
Canal; R3-1mmed1ately below Prosser Dam, R4-the CHF outfall; RS-the 1-82 bndge
Ré-immediately below the main PIT-tag detector i in the CHF

Detection -

o History ' Explanatlon , ‘
111~ Released atRl, detected at the CHF, detected at MCN
11 fO‘ = . Released atR1, detected at the CHF, not detected at MCN.
» 1 O 1 , Released at RI, not dete’cted’at the CHF, detected at MCN N
| 1 00 - Released atR1, netdetected at the CHF, no't— detected at MCN. _
211 Released atv‘RZ\, detected at the CHF, detec‘tedat MCN e.
21 0 Released at R2 detected at the CHF not detected at MCN ’ B

7 72 04 1 Released at R2, not detected a_tthe CHF, ,detected at MCN.

2 00 Releasedint R2, not detected\at tl1e CI-IF, ;nct detec,ted at MCN.
3 1 4 | . wRelease’d at R3, detected at MCN.. ~ |
3 0/ | F\ ;\Released at R3, not detected at MCN .
41 | Released at R4, detected at MCN.
40 | | AReleased at R4, ',nct detected at MCN c
S1  Released atRS, detected at MCN.
5! 0. | f'Released at RS, not detected at'MCN.“‘;
6 l’v  Released at R6, detected at M\'CN. |
60 Released' at R6, not detected at MCN.




~The goal of the estnnanon procedure was to ﬁnd the parameter values that maxmnzed the
. :hkehhood ﬁmctron that is, the values whrch gave the greatest lrkehhood of glvmg rise to the
observed data (Kendall and Stuart 1977 Hogg and Crarg 1978) Thrs was done for the hkehhood
. functron in thlS study usmg an 1teratrve Newton-Raphson procedure (Seber 1982) The procedure, -

requrred reasonable 1mt1al estrmates whrch were obtained usmg method-of moment (MOM)

_ estrmators derrved as shown m Appendrx 1 (Mood et al 1974) Maxxmum lrkehhood estimates
| (MLEs) were the parameter solutlons of the 1terat1ve procedure The last step in the iterative |
‘ procedure also provrded estrmates of the asymptotrc standard errors of the MLEs based on the
assumed multmonual samplmg vanabrlrty (Seber 1982)

- Several drfferent likelihood models were used to obtain MLEs for the various srtuatxons in

this study, | Separate models w_ere us‘_ed for 1991 and 1992 }study years, and.one or two addrtronal 5
.releases RS or RS and‘lio)'were made in 1992' this allowed’ estimation of the parameters S4 and‘ o
"SM2 rather than Just SM1 as m 1991 Also m cases where the best mmal MOM estrmate for P- |
and/or D was 100% (1 e, l 0),P and/or D were ﬁxed at 100% in the lrkehhood models (due to -
| imathematrcal constramts) and the remarmng parameters were estimated. - | |
Maxrmum hkelrhood estrmatron was preferred over method-of-moment estrrnatlonr MLEs N |
are theoretically statrstrcally supenor to MOMs because they have asymptotrc propertres mcludmg - -
’normahty, unbrasedness and minimum variance (Kendall and Stuart 1977) |

Tests of assumptrons-For the rmultmomral ,hkelr_hood analyses, there were two critical 7

‘assumptions:




Al) All PIT-tagged fishina release group had homogeneous and mdependent sumval

*‘ Eprobabrhtles through downstream reaches and detectlon probablhtles at the Chandler facxhty

}‘ and/or McNary Dam | | |

| A2) All PIT-tagged ﬁsh in all groups released on the same day had homogeneous and
| ‘mdependent survrval probablhtles below the Chandler facility outfall in 1991 and below the. 1-82

o ’.bndge in 1992. These groups also had homogeneous and mdependent detectlon probabllmes at
o McNary Dam. | | ‘

Assumpnons of mdependence could not be tested with the expenmental desngn and data in

- this study Also, in general homogenexty of sumval and detectron probablhtres within a release

group could not be tested but to assume homogenerty seemed reasonable since theﬁsh were

 released at exactly the same time and locatlon

Fish released in the Prosser Dam forebay and subsequentl)r drverted into the Chandler
Canal could'expenence dlﬁ'erermal sumval downstream from the Chan‘dler facility outfall and
\ drfferentlal detectron at McNary Dam than those not dlverted if the two groups dld not remix
~ below the outfall Thls would wolate Assumptlon Al The vahdlty of Assumptlon Al based on -
downstream rermxmg of d1verted and undrverted R1 fish, was tested usmg the Pearson chl-square

test of homogenerty for McNary'Damr passage dlstnbutl_ons. (Sokal a_nd Rohlf 198 1). This test

~ was based on the followin'g Kx2 contingency table: -




Dlverted mto Chandler Canal

R ‘ and detected at the Chandler faclhty
|  Yes 1 , s :Nof

. Day of McNary Dam passage 2

Table .entries.;we_re the totalspf 'PIAT-tagged ﬁsh from each subgreup passingMcNary Dam on’ .

) eaeh of K days K vaned considerably ~betWeen release days“o'ver time and years). P-’valuesv»"ere'\ v
determined u’si’nga MvonteCarlo estimate‘of a‘nenparametric eiaet _appreaeh (Mehta and Patel
~,-1992)/ . . L . | - | R, V S

F ish that passed through the Chandler faclhty and were mcluded in the dally facxhty sample
‘ -could expenence dlfferentnal Survwal downstream and differential detection at McNary Dam than
those not sampled. Tlns would occur 1f the'lr survxval or behavror‘ was,aﬁ'ect'ed by the samphng .
) proeess dr if thejf did rot remix below the foatfall.?» This'would al'so‘\'riola'te Assumption A 1 The :
validity of ‘Assumiation'Al based on mixing of Mpl’ed and unsampled RI and R2 fish, was teSted .
‘usmg the Pearson chl-square test of homogenelty for McNary Dam passage dlstnbutlons The i |

’ test was based on thls K><2 contmgency table

14




' Included in the Chandler

fac1l1ty sample

CYes - No

’ Day of McNary Dam passage 2

. The effect of the samplmg prccess on downstream survival and detectlon was only tested
-~ if thechi-square test was not s1gmﬁcant since a lack of mlxmg would 1mp1y potential dlfferences
due_ to ot_her factors. s The test was to *compare the proportlon of sampled and unsampled fish (all
~7 originauy ‘detect,ed by the Chandler facility main PI’l‘;tag detector) detected at McNary Dam. The
validity ef Assumption;Al, »_bas'ed~ on the effect of the Chandler facility \santpling/process,‘ was
“ tested nsing a t-test on thera_tio of sarnpled to unsampled McNary Dam detecticn proportions.

| l‘he validity of Assnrnption A2 ‘based on vdownstream mixmg of all grdups released ion the - \

N ysame day, was tested usmg the Pearson chi-square test of homogeneity for McNary Dam passage B

dlStI'lbutIOIlS This test was based on the followmg KxI contmgency table where I=4 or 1991

and 5 oré6 for 1992

‘ l{elease Group -
Rl .. R

1

Day of McNary Dam passage, 2

15




Companson-wnse Error Rate-Each set of chl-square contmgency table tests was |

' cons1dered a separate and 1ndependent expenment wrth each test wnhm the set consrdered a

' separate and mdependent companson Srgmﬁcance levels for mdrvrdual tests were selected to
control the comparlson-wrse Type I error rate «, rather than the expenment—wnse Type I error

" rate. However, when enough multrple tests were done wrthm an expenment ‘with the same null
hypothesrs, one or mor'e.gests were expected to be s1gn1ﬁcant~ for the companson—wrse a by
chance alone. . Therefore, if the numh.er of s1gn1ﬁcant tests per_' experiment was srmllar to the
numherercpected hy chance, the tested assumption'was deemed valid for thosecompa’risons and |

for the experiment. The comparison-'Wise significance level was set at « = 0.05 for this study.

- Expanded Detection Proportion Estimation

As prevnously stated, the max1mum llkehhood approach to parameter estlmatron was

o consrdered optlmum in thls study, grven the various release locations and PIT-tag detectrons at

4 :both the Chandler facility and McNary Dam However llrmted parameter estlmatlon was possrble .
zwhen survnval to or detectron at McNary Dam was extremely low. When the PIT-tag detectron |
eﬂicrency of the Chandler faclhty (P) or of just the main PIT-tag detector was known or could
;be estlmated, S2 could also be estrmated The expanded detectlon proportron (EDP) S2 estimate
was the proportron of R2 ﬁsh detected by the main and sample detectors (or Just the main = - “
detector) divided by P (or the main detector efﬁclency) The EDP and MLE estnmates of S2 were :
- compared by examrmng the ratro MLE/EDP | | |
Relatrve Recapture Estrmatron |

;When the PIT-tag ,det'ectlon eﬂiciency of the Chandler facility:(i’-) or of just the main'PIT- :

tagdetectdr ‘was unknown or unestimated, but was assumed to be equal between release groups,
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]5 could be estimated by the relative recapture (RR) method 'Ihe RR estimate of Dwas the
proportlon of detected Rl fish drvrded by the proportion of detected R2 fish. However this .
. estimate was only vahd under the assumptron that Prosser Dam forebay survrval was 100% The
, RR and MLE estimates of D were compared by examrmng the ratio, MLE/RR
Chandler Faclllty Mam PIT-tag Detector Efﬁclency |

* The maximum hkehhood procedure descrlbed above was used to estimate overall PIT-tag
) detectlon eﬂiclency of the Chandler facrhty However the efﬁmency of the main PIT-tag detector‘.
was esttmated mdependent of the hkehhood analyses This estimate was the proportlon of PIT
tags detected on the sample PIT-tag detector that had been prev10usly detected on the main
: detector ThlS estimate was a lower bound on the Chandler facrhty PIT-tag detection efﬁcrency
; and was probably farrly close to the actual facrlity efﬁclency smce the sample detector only had
| the potential of detectmg the sampled fraction of all PIT-tagged fish.
Survnval Relatnonshlp with’ Water: Temperature and Flow ' |

' 1 _The relationship between fish survival and prevaihng bro_logical and enﬁroMental-
cOnditions wasve)ramined ‘by comparing estimated survival in various reaches to the release date -
and average daily water temperature and flow Water ﬂow and temperature were taken ﬂ'om the
Bureau of Reclamation HYDROMET system at locatrons PRO (Prosser Dam Reservorr) YRPW
(Yakima River below Prosser Dam) and CHCW (Chandler Power Canal) and were averaged

over the day of release Visual mspectlon of the approprlate scatterplots and/or regressron

_ analyses were used for the compansons.
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Chandler Canal Flow Dlyersmn versus Fish Entramment
B The functronal relatlonshlp between the proportnon of nver flow dnverted 1nto the Chandler /
- . \Canal on the day of release and the MLE of the proportlon of fish entramed mto the canal (D)
was exannned by vrsual mspectlon of the scatterplot and by regress1on analyses The exact |
' _regressron equatro_ns were chosen using three cntena:
- 1) The equations enplained a signi.ﬁcantvam()untof the van'ab_ility in fish entrainrnent N
‘ ,éstnnates (ie. strbng correlatlons which tyere significantly larger,than ’zero),r b ) ,
\‘ 2) The \eeruati‘ons fit well s;t\atistically (i.e., they met assumptions that the regression ‘
§ residuals:yvere»randonﬂy scattered around aero and reasonably normally distributed)k. ’
| 3) The equatlonsWer_e fairly mathematically stralghtfo'rward and biologlcally.‘llogieal and
’ understandable : - - e | - P
- Addltlonally, 95% prediction mtervals were calculated for the regressxon equatnons to '

quantlfy the uncertamty in mdrvrdual entramment predrcttons (Wersberg 1985).

" _ Travel Time

Mxmmum and medlan travel txme in hours from release to detectlon at the Chandler facility
-main PIT-tag detector was calculated for each R1 and R2 release group Travel trme dlfferences
were compared between Rl and R2 on each release day The travel tlme statnstrcs ‘were exammed ‘
; to charactenze the short-term mlgratlonal charactenstlcs of the PIT-tagged fish released over tlme \
| rand betWeen ﬁs’h"released in the Prosser Dam forebay and Chandler Canal at the sametrme;» ,
Medran travel trme in days from release to detectron at McNary Dam was calculated for allr .
release groups | Maxxmum drﬁ'erences between median travel times were calculated for groups

| released on the same day and McNary Dam passage dlstnbutions were plotted for the release
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- groups on each release day. The paSSagedistributions and median _travel times were examiried to
characterize differences in migrational distributions of PIT-tagged fish between release groups and

over time.
'RESULTS AND DISCUSSION

| Test Condltlons
Flsh for treatment groups were PIT tagged and released 13 Apnl to 23 May 1991 and 3
‘Apnl to4 June 1992 (Tables 2and 3). A total of 26,267 yearlmg chmook and 8,359 coho salmon
were tagged on 35 and ll dates, respectlvelyz.: ,Tagged group sizes s varied between days but were
-generally around 260 in 1'99l and 125 in l992 Release groups R1-R4 werew inoluded on all, 'M
' _release days in both years whlle RS was on all 1992 release days and R6 was only on6 days each

in 1992 for yearhng chmook and coho salmon

Quallty Control
Records of 24-hour delayed mortallty were not generally kept in 1991 Only three
mortahtles were noted on the PTAGIS database: one was in release group R1 on 2 May, and the .
other two were in release group R3 on ‘17 and 23 Apnl Overall delayed mortahty in 1992 was
| : low at 1 1% (204/ 18,328) with nearly half of the’ mortalmes occurrmg in the last three June
releases (Table 4) These three release days were not mcluded in fnaximum likelihood survnval

‘ and entramment estnmates Mortahty of the remammg test groups was only 0.7% (1 11/16 078)

. 72PIT-tag tagging files were named TERxxyyy ijk, where XX was the study year yyy was the Julian tagging
date; i was the release location (e.g., for R1, i = 1; riote thatin 1991-i = 3 for R2 and i = 2 for R3); j was aletter mdexmg
the release days (e.g., for release 1, j = A); and k was A or C for yearling chinook and coho salmon, respectively. -




) Table 2. Numbers of yearhng chlnook and coho salmon PIT tagged at the Chandler faclllty and
released at various locations in 1991. Abbreviations: Rl -approximately onekm
i upstream from Prosser Dam: R2-the headworks of the Chandler Canal R3-1mmed1ately
S kbelow Prosser Dam; R4-the Chandler facxhty outfall ' e, _ T

_ Release _ Release Location e -
Date -~ Rl _ R2 ~ R3 _ R4
- Yearling chmook salmon . e '
14 April 150 150 149 - 150
15 April - j 200 200 200" 200
16 April - 200 200 200 200
17 April 200 200 200 200
- 22 Aprl 200 200 200 200
- 23Aprl - - .--200 200 . 199 © 200
24 Aprl. 200 200 . 1200 201
~ 25 April 225 225 225 225
26 April 225 225 225 225
_ 1May = 225 224 225 225
2May = 225 225 225 225
3May - - 200 200 200 200
4May 250 250 . 250 1250
5May 200 200 200 200
“7May 200 200 2000 - 200
Total ~ 3100 3099 3098 3101
Coho salmon . s - el ‘
16 May 1715 1716 175 175
17 May " 200. - 200 200 200
18May . 200 200 . 200 - 200 B
21 May 200 200 200 200 -
23May 200 200 19 . 200 -
‘Total 915 976 974 975
 Grand Total -~ 4075 4075 4072 4076
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Table 3. Numbers of yearlmg chmook and coho salmon PIT tagged at the Chandler facxhty and
- released at various locations in 1992. Abbreviations: R1-approximately one km
~ upstream from Prosser Dam; R2-the headworks of the Chandler Canal;, R3-immediately
" below Prosser Dam; R4-the Chandler facility outfall; RS-the I-82 bridge; R6--
E unmedlately below the main PIT-tag detector in the ‘Chandler facility. '

- Release Release Locatlon

Date Rl - R2 R3 R4 RS ~ R6
~ Yearling chinook salmon 2 | R |
3 April 125 125 125 125 125
4Apdl 175 175 175 175 175
SApril . 150 154 149 - 150 150
"6April - 150 150 - - 150 150 150
7 April 150 . 150 = 150 150. 150
14 April - ‘ 125 125 125 125 - 125
16 April 125 125 - 125 125 - 125
18 April - 128 128 125 125 125
“20Apil 125 125 125 125 125 125
21 April 125 125 - 125 125 125 125
22 April 125 125 125 - 125 125 125
12May 125 125 . 124- 124~ 125 -
13May -~ 123 - 125 = 124 125 124
21 May 125 125 125 125 125
22 May 125 125 125 125 125
23May 125 124 125 124 124
27May - 125 125 - 125 125 125
- 2June 125 125 125 125 125 125
" 3June 125 125 0 125 125 125~ 125
4 June. - 125 125 125 125 0 125 125
Total 2623 © 2628 . 2622 2623 2623 1750
) - Coho salmon 3 S i g
28Apl 125 125 125 125 125 125
.29 Aprl. - 125 125 - 125 125 125 125
30 April 125 125 125 125 125 - 84
S5May 125 125 128 125 125 125 |
. 6May 125 125 125 . 125 - 125 - 125 R
7 May . 125 125 125 - 125 0 125 125 -
~Total 750 750 750 750 750 709
Grand Total ~ 3373 3378 3372 3373 3373 1459
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- .Table 4 Numbers of 24-hour delayed mortalities for the various release groups of yearlmg
2 ~ chinook and coho salmon PIT tagged at the Chandler facility in 1992. Abbreviations:-
R1-approximately one km upstream from Prosser Dam; R2-the headworks of the
, Chandler Canal, R3-immediately below Prosser Dam; R4-the Chandler facility outfall,
" R5-the 1-82 bridge; R6-1mmed1ately below the main PIT-tag detector in the Chandler

'fac111ty

'Release " Release Location e
"Date Rl R2 R3 R4 RS - R6.

3Apil 1 - B '

~ S5April » : | e o : R
- 7 April. |

14Apil 1 Sl 2 1 -

16 April 2 1 3 31

18 April = o 20 D T

20 April DR BN T

21 Apal ~ 1 T
22 Aprl T ) -3

28 April e o oE ey | |
- 29 April ' 6 2 ! D T |

S | , | o o

5May
. 6May

- 7May ~ _

12May 3 4. 14 4 6

13May 1t 1 o 4

21 May _ 3 7

22 May 1 3 1 6

23May . 1. 3 1 1

27 May A o ' - -

Total 18 22 - 35 8 . 27 1
- 2June 2 2 1 3 10 3
" 3 June 4 1 5 3 2 6
" 4 June 13 6 13 10 7 2

Total - 19 9 19 16 19 1

GrandToml 37 31 s4 24 46 12
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We assumed that the unreported 24-hour delayed mortahty in 1991 was sumlar to that observed
~in 1992, and that it was random wrth respect to release group The resultant unknown bias of
-~ 1991 parameter estrmates vvas consrdered tnvral and would have only aﬁ‘ected recapture
'probablhtles and preclsron estlmates \ - |
’ There were very few PIT-tag observatron anomahes for both years Only 12 fish in release
groups R3-R6 were erroneously detected at the Chandler faclhty, and no ﬁsh were detected at -
':McNary Dam before havm‘g been detected at the Chandler faclhty Two fish classrﬁed as

. , moxtahttes were detected at the Chandler faerhty, and three ﬁsh were observed before release

- ,PIT-tag records for theses ﬁsh were deleted from the observatlon files.

- Careful exarmnatlon of the data and the statlstrcs generated in survrval and travel-time
’ analyses indicated that the main PIT-tag detector at the Chandler faclllty malﬁmctroned or was
moperatrve dunng 1mportant passage penods on 7 May 1991 7 Apnl 1992 and 12 May 1992
~ This led to a potentially s senous btas in statlstrcal estimates. (see Appendlx 2). Therefore data and
statrstlcs from these days are not presented further in thns»report except for travel-ttme analyses ‘
' ‘to McNary Dam Snmlar detector or Chandler facrhty problems may have exrsted on other dates
as well but could not be adequately documented |

Very few PIT-tagged ﬁsh from the three June 1992 releases were detected at McNary
R Dam (Appendrx Table 3]) Parameter estlmatesfor\ these releases from the maxrm’um llkehhood
procedure were unattamable Suﬁicrent ﬁsh were detected at the Chandler facility for PIT-tag -
detector eﬁ'rclency estimation usmg sample detectrons as well as Chandler Canal survrval
estlmates based on expanded R2 'detect_rons at the fac1hty.- Relative recapture estimates of the

proportion of fish entrained into the Chandler Canal were also possible. However, the RR




method “requi'red lOO% survival in the Prosser Dam forebay ,While this occurredon average for
all other releases in Whlch MLE Prosser Dam forebay survrval estlmates were calculated mean
4 darly water temperature -and ﬂoyv m the forebay for these June 1992 releases were outstde the
rangesobserved for all other releases. Therefore, mference of IOQ% Prosser Dam ‘forebay survival
*for these late releases was not statist_'ic‘ally‘prude_nt, andent\'rainment estimates were not made.
I‘)atav from these releases were also vnot used in McNary Dam traveIQtime analyses. |
The release date for the 1 May 1991 Rl-R3 releases was mcorrectly reported to PTAGIS
N as 30 Apnl 1991. Release times for the 20 Apnl Rl and R2 releases and the 21 May R1 release in »h
1992 appeared to be reported as 3 and l hours too early, respectrvely, based on examination of
| travel-tlme data to the Chandler facrhty main PIT-tag detector Release dates and times were. not

‘reported for the 13 May 1992 R3 release and the 30 Apnl 1992 RS and R6 releases The release

-times used i in travel tlme analyses were estrmated from the other release groups on the appropnate

i day.
"Tests of 'Assumptions ‘
. Assumption Al |

~ None of the chr-square tests to assess mixing downstream from the Chandler facrhty
outfall for detected and undetected fish from Rl releases were s1gn1ﬁcant at the 0. 05 comparrson-
“wrse error rate (Table 5 and Appendnx‘Tables la-le). Due to very small or zero sample sizes for
R1 fish not detected at the Chandler faclhty no chx-square tests were done for groups released in-
May 1991 or. durmg all of 1992. The tests that were done therefore were qulte lnmted asan
overall assessment of the vahdrty of Assumptro‘n Al, particularly for coho salmon, which had nor :

vahd tests. ' Howeyer,' for most of the groupsnot tested, a yery high proportion of tagged fish
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Table 5.

.Testsi'of homogeneity of McNary Dam passage distributions for yearling chinook salmon ‘

released one km above Prosser Dam and detected or not detected at the Chandler

facility. P-values calculated using Monte Carlo approximation of the exact method. No -

tests conducted in May 1991 or all of 1992 due to small sample sizes of undetected fish. |

26 April

‘Release 1 - Degrees of - ‘ | C
Date (1991) ¥ - Freedom - P-value .
‘14 April 1511 . © 16 . 0.5925

.15 April 16.78 ~ 21 - 0.8317.

- 16 April 2036 200 04555
17 April 2082 .19 ~0.3505
22 April 1389 16 . 0.6532
23 April 1643 - 17 10.5325
24 April 12.55 16 - 07783

25 April - 02029 17 02325
22.09 15 ‘ 0.0897
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- were estrmated to be entralned mto the Chandler Canal Thus dlscussron of the valldlty of thrs
'assumptlon based on these Rl mrxrng tests is moot

For yearhng chmook salmon in 1991 and 1992 only 1 0f 28 chr-square tests of rmxmg
(downstream from the Chandler faclhty outfall for RI and R2 ﬁsh sampled and unsampled at the

facrhty, was significant at the o= 0. 05 companson-wrse error rate (Tables 6 and 7 and Appendlx

- lTables 2a-2c and 2e) (Note that tests were not done for releases. aﬁer 21 May 1992 due to very |
- small sample sizes. ) Smce about l (28 x 0, 05 =1 4) of the 28 tests would be expected to be ‘.
: srgmﬁcant by chance, the 3 Aprrl, 1992 result 1 was not consndered mdlcatlve of a failure of .
Assumptron Al. | ‘
All of the 1991 and two of the six 1992 coho salmon chr—square tests were hrghly
N s1gmﬁcant (Tables 6 and 7 and Appendlx Tables 2b and 2d) The srgmﬁcant results appeared to
-~ be due toa l-day shlﬁ in the McNary Dam passage dnstnbutrons whrch were qulte compact
Surv1va1 and detectlon probabrlrtres probably did not vary srgmﬁcantly over such short time
- 'perrods Therefore, Assumptlon Al was most likely not substantlally wolated |

The relatlve proportron of Chandler facrhty sampled to unsampled Rl and R2 ﬁsh detected

- at McNary Dam was srgmﬁcantly lower than 1. 00 for yearlmg chmook salmon in 1991 at 0 7

‘ (SE =0.02) (t = 3.38 df=12,P= 0.0055' Table 8). Thrs 1mp11ed an 8% hrgher mortahtyfor -
sampled fish in 1991 Thls propomon in early Aprrl 1992 was not s1gmﬁcantly different from 1.00 .
| at 1.08 (SE 0. 09) (t 0. 84 df= 3 P O 4608) but was s1gmﬁcantly lower after mrd-Apnl at 7

10.77 (SE = 0.04) (t= 5.83,- df = 5,- P = 0.0021). (Note that tests were not done for releases in

May 1992 due to‘very-(small sample siaes.) This implied a 24% higher mortality for sampled fish




‘Table 6 Tests of homogenexty of McNary Dam: passage dlStl’lbUthl‘lS for yearlmg chinook and
* coho salmon released one km above Prosser Dam or at the headworks of the Chandler
. Canal in 1991 and sampled or not sampled at the Chandler facxhty P-values calculated
. usmg Monte Carlo apprommatxon of the exact method. .

Release SRR ~ Degr'ees of
Date s - Freedom - P-value
- Yearling chmook salmon | 5o N ’
14 April ~ 1807 - 2 0.7634 -
15 April . 1900 - 24 -0.7471
- 16 April - - 2105 2 - 05372
17 April 2546 21 - 02057
22 April - 1526 0 19 . 07618
23 April i 17.29 .18 . 0.5353
24 April. 1598 17 : - 0.5515
25 April , 1442 - 18 07571
26 April . 1363 16 - 0.6547
1 May 168 15 . 03249
2 May ‘ 2235 0 .15 -~ 0.0597
3 May - 16,05 13 02284
4May - 1565 13 02581
5 May - 1176 B § ¢ | 03717
"7 May .. 1456 120 02672
‘Coho salmon ’ :
16 May 4346 7 <0.0001
17 May ~ '28.68 9 " 0.0002
18May : 48.23 8 <0.0001 .
, 21May - 5 24.09 5 - 0.0001
" 23 May 5395 6 <0.0001 _
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Table 7. Tests of homogeAelt‘y of McNary Dam"passage' distributions for yearling chinook and
-+ coho salmon released one km above Prosser Dam or at the headworks of the Chandler
Canal in 1992 and sampled or not sampled at the Chandler facility. P-values calculated

- using Monte Carlo approxnmatlon of the exact method ’ o,
Release | LT R o Degrees of
Date ’ ' ¥ - Freedom - P-value
. Yearling chinook salmon ‘ D SN
o 3 April : ‘ -35.31 ~ 24 0.0273
4 April o . 902 22 09978
5 April = 2262 o2 -0.4297
6 April 2247 20 . 03084
7 April o 13.87 - 17 0.7534
14 April | 1638 - . 23 0.9128
16 April 22630 . Ay Tan 03624
18 April 18.12 19 0.5549
20 April 2316 19 | 0.2340
21 April Nk 954 16 09323
22April- 1499 17 - 0.6370 -
12May - 941 12 - 09046
13 May \ 1216 . 15 -~ 70.8469
21 May 1440 1nmn 0.3186
22May - o :
‘23 May . -
'2 June D e
~3June -
"4 June , L -
Coho salmon , T o ' S '
- 28 April 1433 SRR . 0.1967
29 April . 1875130 | 0.2480
- 30 April - - 984 12 . 06183
5 May | 1433 - 10 - 01221
-6 May 26091 14 0.0043
T7May = 3113 17 - 0.0142

T Dashes indicate test not done due to very small sample sizes.”




Table 8. The relatlve proportion detected at McNary Dam (MCN) of ﬁsh sampled at the
Chandler facility (CHF) to unsampled which were released one km above Prosser Dam
~orat the headworks of the Chandler Canal in 1991 and 1992. \

‘ : _ Proportion - Not Proportion: Ratio : "a o
" Release - _ Sampled - Detected . Detected - Sampled Detected Detected - of = .0
Date - at CHF atMCN " at MCN - ‘at CHF at MCN at MCN Proportions
Y earling chinook salmon - ' R .
5 14 April 1991 58 20 0:345 183 70 - 0383 0.901
15 April 1991 S50 16 0320 233 102 - 0438 - 0.731
- 16 April 1991 CT8 29 0.372 258 - - 97 0376 0.989
. 17 April 1991 130 42 0323 - 199 - 6 0.382 -0.846
22 April 1991 <103 41 . 0398 - 199 91 0.457 0.870
.23 April 1991° - ‘ 2 wf - : - N 5
24 April 1991 - 48 . 0432 o184 ] N 0.495 0.874
25 April 1991 207 100 - 0.483 , 118 58 0.492 0.983
26 April 1991 - 251 C 129 0514 123 62 - 0.504 1.020
1 May 1991 .218 104 -~  0.484 207 0 - -102 . 0.493 0.982
2 May 1991 178 68 0382’ 250 - 108 0.432 - . 0884
3 May 191" _ 142 52 0.366. . 22 92 0414 © . 0.884
-7 4May 1991 142 - 55 0.387 337 137 0.407 -0.953
SMay 1991 . 45 18 - 0.400 334 o128 0.383 a 1.044
7 May 1991°. - : g
Total or Mean 1710 722 - 0400 2847 . 1214 0435 0.920
SE* . o : 0.017 > : 0013 0.024
3 April 1992 63 35 0.556 161 74 - 0.460 . 1.209
4 Aprit1992 - 84 32 0.381 o2 104 0.464 - 0.821
5 April 1992 76 41 0.539 ‘197 88 - . 0447 " 1208
6 April 1992 Son 37 . 0514 196 9% 0.480 1072
7 April 1992° N N L e s
Total or Mean 295 145 0.497 . 778 360 - - 0.463 S 1077
SE . : g " 0.040 N 0007 0.091
_ 14 April 1992 69 31 0.449 L 147 75 0:510 0.881
16 April 1992 66 28 0424 156 91 - 0583 ©0.727
18 April 1992 56 s} 0.482 157 C 85 0.541 0.891
20 April 1992 49 17 . 0347 152 82, 0.539 0.643
'21 April 1992 77 31 0403 138 . 77 0558 - 0.722
22 April 1992 65 25 70.385 137 72 0.526 0.732
12 May 1992° - - T ‘ ‘ . ¢ :
13 May 1992 46 10 0.217 .76 22 -~ 0.289 L
21May1992 - . 59 -3 0.051 114 IS & 0132 . .-
22 May 1992 31 1 0.032 ; 94 - 0.053 - -
23 May 1992 41 2 0.049 .7 0.037 -
27May 1992 - 34 0 0.000 . = .149 4 0.027 -
2 June 1992 19 0 '0.000 1. : 7 0063 - - -
3 June 1992 . 17 10 0059 .95 12 0126 -
4June 1992 o8 0 0.000 68 .4 ‘. .0.059 -
Total or Mean 255 © 17 0.051. 789 . omn . 0.098 0.766
SE -% C P 0,025 ) g 0:031 - 0.040
16 May 1991 110 38 0345 . 207 67 0.324 1.067
- 17May 1991 117 38 - 0325 L 288 T2 . -0282 - . LisO
" 18 May 1991 T 136 32 0.235 25 86 0.344 0.684
) 21 May 1991 74 21 0.284 T2 i 97 0.344 ~ 0.825
23 May 1991 . 63 16 - 0254 298 - 47 0.159 - 1.594
28 April 1992 - 61, 27 0443 : 164 77 0.470 0.943
29 April 1992 64 34 . 0531 ) 161 89 0.553 © 0961
30 April 1992 48 23 0.479 - 194 101 0.521 0.920
S May 1992 - 71 24 0.338 172 41 0238 . 1.418
6May 1992 - 62 T8 0.290 17 : . 50 - © 0292 0.993
7 May 1992 - 60 ~17 0.283 179 67 0374 - 0.757
_ Total or Mean ‘866 ,xzss ] 0.346 2330 794 0355 1.028

SE : 0.029 i L - 0.036 0.082

" *No estimate calculated due to poor mixing at McNary Dam.
* No estimite calculated dué to Chandler facility PIT-tag detector malfunction.
¢ SE = Standard Error of the Total or Mean. .
4 Dashes indicate ratio not calculated due to small sample sizes,




- in’1992>:‘in}mid-to-late April.. Chandlerf‘acility' survival estimates were adjusted (see»later J
sectlons) for this vrolatron of Assumptron Al.. | |

| - For coho salmon in both years the relatlveproportron of ﬁsh sampled at the Chandler
faclhty to those unsampled for Rl and R2 groups detected at McNary Dam was not srgmﬂcantly‘
different ﬁ'om 1 00 at 1.03 (SE 0 08) (t=0.35, df 10,P = 0. 7372 Table 8) Therefore the
samphng procedure apparently drd not cause a vrolatron of Assumptron Al for coho salmon
Assumptlon A2 |
| . Only 3 of 32 chr-square tests for yearhng chmook salmon mnxmg at McNary Dam were
srgmﬁcant at the a =0.05 companson-wrse error rate (Tables 9 and 10 and Appendlx Tables 3a-
3¢, 3e, 3f, 31, and 3]) However about 2 (32 x 0. 05 = 1.6) of the 32 tests would be expected to
,be s1gmﬁcant by chance. Therefore the 14 April 1991 and 5 Apnl 1992 results were not.
| ,‘consrdered mdrcatrve ofa farlure of Assumptron A2 |
The highly srgmﬁcant result for 23 April 1991 (P 0 0040) however 1mphed a lack of |

 mixing for that group of releases Comparlson of the medlan travel trmes and vrsual mspect1on of 4
. the McNary Dam passage drstnbutlons for that release indicated R1 and R2 ﬁsh passed McNary 3

‘Dam 1 day later than R4 fish and 2-3 days later than R3 ﬁsh Rrver condmons at McNary Dam
' : ﬂuctuated somewhat over the time perlod when fish from these groups were arnvmg at the dam .
| ~ but d1d not exhibit a strong trend through trme (U SACE 1991). Due to the potent1a1 wolatron of
Assumptron A2 data were ormtted ﬁ'om the maxrmum hkehhood analysrs for this release day
- 'For 23 Aprrl 1991 the RR estrmate was used for the entramment estrmate and the EDP estrmate

~ was used for the Chandler Canal survrval estimate.

30




Table 9. Tests of homogenelty of McNary Dam passage distributions for yearling chmook and
A coho salmon released one km above Prosser Dam, at the headworks of the Chandler
Canal, immediately below Prosser Dam, or at the Chandler facility outfall in 1991. P-
~ values calculated using Monte Carlo approximation of the exact method.

Release = © " Degreesof
‘Date. -\ ¥> - Freedom , P-value
- Yearling chinook salmon o I L
14 April - 1004 81 - 0.0461
15April 862 . 84 0.4100
16 April . , -840 . 75 01915
17 April . 910 1801192
22 April 612 - 66 - 06851
23 April - 84 - 57 . 0.0040
24 April | 669 . . 63 03176
25April - 63.8 - 63 -7 0.4519
26 April o 637 57 ~ 02375
© 1May - 578" .51 02127
2 May i 522 - 48 » o 0.2979
3 May - 544 42 0.0643
4 May . 541 - 42 - 00787
~5May . S 513 42 . 01362
7 May Lo 624 51 - 0.0941
Coho salmon . . S s
16 May ; ‘ 622 - 36 ~ 0.0006
- 17 May | 521 39 -~ 0.0208
18 May A 562 21 . <0.0001
21 May 287 - 12 . . 00023
23 May 369 15 ©0.0003




v Table 10. Tests of homogenexty of McNary Dam passage dxstnbutlons for yearlmg chmook and
o coho salmon released one km above Prosser Dam, at the headworks of the Chandler
Canal, immediately below Prosser Dam, at the Chandler facnhty outfall, at the I-82
bridge, or immediately below the main PIT-tag detector in the Chandler facility in
1992 P-values calculated usmg Monte Carlo approx1matxon of the exact method.

‘Release - o Degrees of e e
Date ' 42 Freedom - P-value
Yearling chinook salmon R e ‘ .

3 April © 1031 112 07537

4 April 1305 0 112 00809
5 April 1307 104 . 0.0247
6April - . 899 92 - 0.5553
7 April - 1065 108 05337
14 April 1064 116 10.7756.
16 April - 100.8 96 03327
18 April - 1116 - 100 | 0.1673
20 April . 1219 110 0.1798
21 April 1121 o125 0.8371

o 22Apdl 997 10 - 048%
12May 1186 - 108 - 0.2179
13May S125.1 128 0.5821 -
21May 156 - 84 . 0.8362
22May - 63.8 5% - 02481
23 May . 447 - 4 04510
27 May © . 538 - 52 -0.5092
2June . R . .
3June -
4 June . T,

' Coho salmon o : . o

- 28Aprl - - . 750 . 85 0.8478
29 April | 980 95 . 03725
30 April - - 93 . 8 - 0.1379
SMay 752 - . 85 . . 08407
6May - 1261 115 | 0.1432
7May - 1012 95 02712

- Dashes. mdlcate test not done due to very small sample sizes
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All of the 1991 coho salmon chl-square mixing tests were h1ghly srgmﬁcant while all of

| the 1992 tests were not (Tables 9 and 10 and Appendrx Tables 3d 3 g, and 3h) Nearly all ﬁsh

~from all groups released on the same day in 1991 were detected over a 3- to 4-day time penod

' ‘whereas thedrstnbutrons in 1992 were much more protracted. The s1gmﬁcant chr-square values
reflected ﬂuctnations in McNary ljam_:;rassage_;over}short time neriods, witthI or R2 releases

: generally nassing less than Z1 'day later than R3 and \R4‘. Survival and detectlon probabilitieS’

" nrobably did not vary ‘si’gniﬁcantly‘ over such short time periods.. T»herefore, ASsumption A2 Vvas

most likely not violated by the lack of mixing found in 1991,

Survival |
EStirnat'es N | |
" Maximun likelihood estirrlates of survival (S1-84, SA, SML, and SM2) for the e
, reaches were obtamed usmg the observed detectron hlstory totals (Appendrx Tables 4 and 5)
Inrtral MOM estlmates for the 1terat1ve lrkehhood solut1ons are shown in Appendlx Tables 6 and
1. Estlmated samplmg error prec1sron of the dally estrmates (1 e., standard errors) are listed in |
\. Appendrx Tables 8 and 9. r |
Estrmated mean surv1val in the 1-km reach above Prosser Dam was approxrmately 100%
across years and specles (Tables 11 and 12) Mean estlmates ranged between 97. 3 and 106. 2% |
., w1th standard errors between 0.8 and 2. 1% Whrle true surv1val must be less than or equal to
‘ 100%, estrmated survrvals from the 'hlrehhood analyses used for this study were assumed to be
randomly distributed about the true survival and were not/similarlv conistrained. Therefore, if true

‘survivals were at or near 100%, it was reasonable to have several esti\rnates greater than 100% for
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Table 11. Parameter estimates for maximum likelihood analyses in 1991. Abbreviations: S1-
~ Prosser Dam forebay survival; S2- Chandler Canal survival; S3-Prosser Dam to the |
- Chandler facility outfall survival; SM1-Chandler facility outfall to McNary Dam -
, survival and detection at’ McNary Dam; D-diversion proportion into the Chandler
- Canal; SA-Chandler facility to outfall sumval P detection propomon at the Chandler
faclhty, SE-standard error. '

Release = " ~ ‘ ' :

Date = S1 S2 - 83 SMI D - SA P
Yearling chmook salmon e T

14 April 0949 0987 0957 0.467  0.670 0800 1.

15 April , 01030 0984 = 0957 ~ 0470 0460 0.887 0976
16 April . 1.031 0.990 1.012 - 0405 ° 0681 0931 1.

17 April 0962 0.969 1282 0425 0779 0841 . 0985

22 April ~1.010 - 0945 1.247 0.365  0.597 1203 1.

- 23Apnl® - - Cle

24 April - 1.018 098 1095 0443 0509 1.061  0.989
25 April 0.979 0964 0915 = 0524 - 0.518 0.933 1.

26 April 0973 - 0977 0991 - 0520 0.748 0985 0.991
1May = 1.030 0947 1096 0462 0966 ~ 1.054 1.
2May - 0972 0973 1.000 0.520 = 0991 - 0.787 L.

- 3May 1022 0958  -0.989 0475 0916 ~ 0.828 0.987

4 May 0963 0992 1.026 - 0460 '1.008 0871 0.980

. 5May 0989 0997  0.959 0485 1.022 - 0798  .0.948
Mean 0994 0974 1.041- 0463  0.759 0.921 = 0.979*
SE - "~ 0008 0005 0031 0013 0057 0035 0006
Coho salmon B , - , 7 ' , TR
16 May 0991 - 0978 0953 0411 0925  0.793 0.982
17May.:’ -~ 1013 098 1018 0275 0877 = 1.075 1.
18May 0975 0980  1.09 . 0335 1. 0913 |
21 May 10931 1.005 0813 0375 0873 0877 0985
23 May © 0958 0988 - 1382 0170 0.908 1032 0971

- Mean . 0973 0987 1051 0313 0.89° 0,938 0.979¢ -

SE e - 0.014 0.005 - 0. 094 - 0.042 0.013 ~ 0.052 0.004
* . Parameter estimate was assumed to be 1.000. = o

No estimates calculated due to poor mixing at McNary Dam.

No estimates calculated due to Chandler facility PIT-tag detector malﬁmctlon

Mean does not mclude assumed P=1.000 estimates.

a0 @
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Table 12. Parameter estimates for maximum likelihood analyses in 1992 Abbreviations: SI-
’ Prosser Dam forebay survival; S2-Chandler Canal survival; S3-Prosser Dam to the
- Chandler facility outfall survival; S4-Chandler facility outfall to the I-82 bridge :
survival; SM2-I-82 bridge to McNary Dam survival and detection at McNary Dam; D-
~_ diversion proportlon into the Chandler Canal; SA-Chandler facxhty to outfall survxval
v P-detectlon proportlon at the Chandler facdlty, SE-standard error.

Release

- 0.042

Date S1 S2 S3 S4 SM2 D SA P
Yearling chinook salmon S R , T
3 April 0952 0952  1.029 0944 '0.576 0968  0.895 0.983
"4 April 1.028 0.896 ¢« 1051 0931 = 0537 0968 0.875 | Pl
. 5 April 0.956 0974  1.180  0.868 0.607 . 0.888 0894 L.
6 April 1.018  0.928 1.086 1.066 - 0507 1012 0.905 0.956
14 April - 1.004 0912 0897 1268 - 0492 - 0942  0.790 0.982
16 April 20939 0935 1088 079 0589 1 L1371
18 April - - 0965 0.958 1.022 - 0910 "‘70.624' 0.867 - 0.926 0.968
- 20 April 1.003. 03871 1116 0901 0.568 0.860 1.075 1.
21 April 1.035 0919 . 0813 0938 0.640 0.857 0.821. 1. ,
22 April 0918 . 0904 0.980 1.015 0.544  0.946 0.897 - 0.982
Mt KAy
13May 1.013 ~ 0508 1472  0.697 0413 0925 0911 ~ 1.
21 May 1106 069 0984 - 1322 0.127 0912 0616 1.
22 May 1.101 0484 0756 0960  0.101 1. 0.49 1.
23 May 1.082 0492  1.000 1296  0.056 1. - 0.656 1.
27 May 1.009 0.738 1.190 . 0.720 0.056 1. 0.542 1.
2 June® o ' . . \ e
-3 June’
C 4 June®
> April Mean 0982 0925 1026 0964 0568 0923 0922 0974
SE 0.013 0010 0.034 0.041 0015 0019 0.034 . 0.005
May Mean - 1.062 0583 1.080 0.999 0.151  0919¢ 0.644 I.
SE 0.021 . 0.055 0120  0.135 "0f067 0.006 - 0.072
Coho salmon o o v , S
28 April .. 1.039 0.952 1.000 1.081 - 0452 0873 0.975 1.
29 April 1.020 0.941 ~ 0.880 1.127 - 0476 1.001 0949 0.982
30 April - 1.022 0984 0978 0935 0582 0970 0908 1.
5 May 1000 0976 1156 0849 0424 1. 0828 1.
- 6 May 0.967 = 0978 1224 0980 - 0400 0999 0.775 0973
- 7May 0.975 0.976 0.944 1059 0408 1. - 0930 1
Mean ~1.004 0968 - 1.030 - 1,005 0457 0.961° 0.894 0.978‘
SE - 0.012 0.007 0.054 0.028 ~ 0.030 - 0.031 0.004

~ *_Parameter estimate was assumed to be 1.000.
® No estimates calculated due to Chandler facility PIT-tag detector malfunction.

 * No estimates calculated due to very small sample sizes.
¢ Mean does not mclude assumed P=1. 000 estlmates

35




individual releasesk, and often for the\overall average. HoWever, the average estimate was K
| expected to be within twostandard errors of IO(l% | This wa's not the Case for the mean Sl '
' survrval for yearlmg chmook salmon in May 1992 and mdrcated a possrble lack of fit or failure of
the assumptrons of the hkehhood model for those releases However this low survrval estrmate
was most hkely related to low recapture rates at McNary Dam. | |
. The estnnated mean survivals in 1991 of 97.1 (SE 0 5%) and 98. 7% (SE 0. 05%) for ,7
yearhng chmook and coho salmon, respe’ctrvely from the entrance of the Chandler Canal to the
~ main facxhty PIT-tag detector were high (Table 1 1). Fairly high survival of 92.5 (SE = 1.0%) and
. 96.8% (SE 0.7%) for yearlmg chmook and coho salmon, respectrvely was estimated in 1992
i before 12 May (Table 12) However yearlrng chinook mean survrval fell to 58.3% (SE= -5, 5%)
| iaﬁer 12 May and to 47. 7% (SE = 5. 0%) in June (EDP est1mates inT. able 14 used in June)
For the reach in the Yakrma River from the tailrace of Prosser Dam to the Chandler
facrhty outfall, estlmated méan survrval exceeded 100% for both years and specres and ranged
N from 102 6 to 108. 0% (Tables 11 and 12) However standard errors ranged between 3.1 and
. | 12.0%, implying actual survival was around' 100%. The lhigh variation in estimates appeared '
random over time and was :a revsulto‘f small mple sizes\and}or reeapture ratesat McNary Dam ;
‘ Thls was partncularly true aﬁer 12 May 1992
Separate surv1val estlmates for the reach from the Chandler facrhty outfall to the I-82

brldge were only avallable for 1992, Mean surv1val was high for both species, averagmg 96.4 (SE..

- =41%) and 99. 9% (SE = 13 5) for yearhng chmook salmon in Aprll and May, respeetrvely, and

100.5% (SE = 4.2%) for coho salmon (Table 12). The large standard errors reﬂected small

sarnple sizesor low recapture rates at McNary Dam, particularly after 12 May.
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Mean survival in the short reach betvveen th‘emain PITftag' detector in the Chandler
juvemle'facllity and the outfall back into the Yakima River was estimated at 92.1% V(SE = 3.5%)_ .
m 1991 for yearlmg chmook salmon and 93 8 (SE 5.2%) and 89 4% (SE 3 1%) for coho
‘ salmon in 1991 and 1992, respectively (Tables 11and 12) The yearlmg chmook salmon estlmate
mcluded an estlmated 8% mortahty due to the sa‘mplmg process at the facrhty The adjusted

, overall 1991 survxval estrmate for yearlmg chmook salmon that passed through the faclhty and
: outfall but were not sampled was 94. 6% (SE = 3 6%, Table 13) Mean survwal results for B
‘ \ yearhng chmook salmon in 1992 were farrly comphc’ated (Table 12). Inearly Apr11 survrval .
| averaged 89 2% (SE 0. 6%) w1th no detectable mortalrty due to the samplmg process Later in
Apnl 1t averaged 94.1% (SE 5. 6%) w1th nearly all the mortahty attnbuted to the samplmg _
- process The adjusted mean was 101 4% (SE = 6 6%) In' May, mean survrval dropped to 64 4% _
'(SE =7.2%), but the eﬁ'ect of the samplmg process on thrs low survxval could not be estlmated ‘
The large standard errors reﬂected small sample sizes and/or recapture rates at McNary Dam.
Virtually no salmomd mortahty was observed in the Yaklma Rrver from 1 km above .
' " ~ Prosser Dam to the 1-82 bndge over the tlme and river condmons tested for both yearling chmook
' ,and coho salmon. Passage through the Chandler Canal and facility and back mto the- Yakrma
River resulted in roughly 11% mortalxty for coho salmon and 7 -16% mortahty for yearhng
| chmook salmon, except in late May 1992 when it averaged 63% For coho salmon most of the
v mortahty occurred mthe segment between the Chandler facxhty entrance and its outfall and was
not a result of the samplmg process For yearllng chmook salmon rt was difficult to deterrmne a a
| cons1stent pattem of the location of mortality, except that in late May 1992 hlgh mortahty

occurred both in the Chandler Canal and through the Chandler facility. While Chandler Canal
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Table 13 Adjusted Chandler faclllty to outfall survival estimates for yearling chmook salmon |
: releases where significant mortality was detected due to the- facnlnty samplmg process in’

1991 and 1992 (see Table 8)
Maximum A
i B N likelhood . Adjusted
Sampled =~ Chandler - estimated. unsampled
, ~ fish facility ~ Chandler . . Chandler
Release =~ relative: . - sample facility =~ = facility
" Date’ survival ~ proportion  survival survival
14 April 1991 - 0.901 0241 - 0.800 - 03819
15 April 1991 0731 0.177 . 0887 0931
16 April 1991 . -0989. - - 0232 0931 . 0933
17April1991 - 0846 - 0395 0.841 - 0.896
22 April 1991 - - 0.870 0341 . 1203 - 1.259
- 23 April 1991° S R R
 24April1991 - 0874 0376 - 1061 L1114
25 April 1991 - 0983 0.637 - 0933 . 0943
- 26 April 1991 - 1.020 , 0671 098 0.972
1May1991 - 0982 . 0509 1.054 1.064
2May1991. - 0.884 0416 0.787 0.827
3Mayl1991 088 ~  03% 088 . 0867
4 May 1991 ' 10.953 . 0.296 0.871 - 0.883
5 May 1991 | 1.044 0119 . 0798 . 0.794
- 7May 1991° L . ; :
Mean - 10920 0369 - 0921 . 0946
SEF - o 0.024 0046 0.035 0.036
14 April 1992~ 0.881 0319 - 07% 0821
16 April 1992~~~  0.727 0297 . - .lL137 1237
18 April 1992 081 - 023 0926 0953
20 April 1992 0643 . 0244 1.075 - 1177
21 April1992 0722 - 0358 .. 0821 - - 0912
. 22Aprl1992 . 0732 0322 . 0897 - 0982
“Mean 0766 . - 0301 . 0941 - 1.014°

SE 0040 0017 0.056 ~0.066

* No estimates calculated due to poor mixing at McNary Dam..
b No estimates calculated due to Chandler facxllty PIT-tag detector malﬁmctlon ’
¢ SE = Standard Error of the Mean :




' snrvival vvas assumed to be related to river conditions, lovv survival throngh’ the Chandler facility |
may have resulted from a combination of ithe sampling prbcess,: nver conditions, and avian
f predatron at the facrhty outfall |
B Companson w:th Rlver Condltlons
| Smce nearly all survrval estimates (Sl S4) were high and averaged close to 100% (except
for yearhng chmook salmon 82 estunates) no attempt was made to correlate surwval in the
correspondmg reaches with nverconditions such as water temperature or flow volume (Appendix
Table 1 0). It was apparent over the range ot‘ conditions tested that survival was not affected by
any environmental’factors. : |
o | Hovvever, theprecipitons decline in SZC«yearlingchinooksalmon surv1val ‘estimates after 12
May 1992 suggested that survival betvveen the Chandler Canal and the facility for that species Was |
linked to some water condition in the ;canal.‘ Therefore; the relatibnships between S2 survival
estimates and) water temperature "and vo_lnme vvere examined.k' Estimates from 1991 and 1992
‘were combine’d based on the assumption that any cause—and-eﬁ’ect relationship Awould be the same
in both years. - | | |
| Lower snrvival throagh the Chandler Canal for yearlingchinook salmon was clearly -
, ;asso,ciated with later release dates at hrgher water/temp’eratures and lower ﬂow\volumes
(Figs. 3-5). However, the paucity of data fallmg in the middle of distributions for release date,
- wayter temperature, and canal vvater-ﬂovv distributions made it difﬁcult to determine the functional
relationship between these variables and canal survival. ’Thresh,old- and continuous-type models
could not. be drfferentrated usmg the observed data. Therefore statistlcal models were not

developed for these relatlonshlps Srgmﬁcant yearling ehmook salmon mortahty in the Chandler

-39




sunp o1 Aen 1

1 ¥

7661 pue Ew— Ul [RAIAIDS [eug)) J9jpuey) POIBWINSO SNSIOA 31ep 9SEaoy "€ InSi

L 23eq 9seaTsy

Aew 1z Kew 11 Kew 1 TTadv Tz TTady 11 TTAd 1

L P R E SO - —F 0€°0
R o«o
+09°0

- 4080

. TeATAINS Teue) ISTPURYD

L . | ..I T om.o.

4 OO.H

aoEHm..m joouTyd puTTIRoX

40




84

Yearling chinook salmon

1.00 + o - .

i (] T |

s ‘. | - - “ .

, . s
0.90 + = Y.
| .

3 0.80 +
>
ord B
P
oM . B
u @ . . ' . o
% 0,70 + : | . G
4
d /
©
(&] ]
., 0.60 + .
h /f [ ]
o] .
& 0.50 + o 7 = S .
C R s , S =

0.40 R : | .

0.30 +———t— " — r -+

9.0 11.0  13.0  15.0 17.0 . 19.0 21.0 '23.0

Yakima River water temperature (c)

Figure 4. Yakima River water temperature versus estimated Chandler Canal survival in 1991 and 1992.

N




7661 .vﬁ,._a@_ u .m>m>..,=m _nruo 1o[puBY) POIEUINS maﬂg Bow 19)eM [eUR)) JO[pURY) S INSiY

(SsuD) MOTF I93em Teue)d ISTpuey) ,

oSk 0°0b 0°s€ 0708 0°52 0°02
_ e , : L - — ,;Om,.o

. o Lovo

"= 1050

-

+ 0970

42

A . S R . R ; S toLo

Teatains eue) ISTPUeRY)

Jx\ ., . ; o N . ‘ . ) ;. i ) 4 omco

Eay

» - = - . 1060

¥

‘+00°1

UowTes YOOuTyo BuTTILSX

;




Canal to the facility'occurred after 12 May when water tempe'ratures exceededb 15 °~C(59°F) and
canal Water ﬂow wasiyless than 30.0 cms (1/0:60 cfs). |

Surv1val estlmates through the Chandler facrhty for yearlmg chmook salmon were also
substantlally lower aﬂer 12 May 1992 and were assocrated with hrgh water temperatures and low
~water ﬂowsrn the Yakrma Rrver (F 1gs.6-8). ,(The d1scuss1on in the preceding paragraph
" regarding the choice of appropriate statistical models also applied to the obServed relationships
between releaSe date, river water temperature and survrval through the Chandler facility). '
Survrval appeared random and quite varlable over release dates and water temperatures of 9-16°C
. (48 -61°F) but decreased after 12 May when water temperature was above 17°C (63°F).. Survrval
»appeared random and qurte variable over the observed ﬂow range of 12.4-105.7 cms (43 8-3 732
cfs) unt11 after 12 May 1992, when it dropped substantrally Yet it was strll w1th1n the flow range
'observ,ed-before 12 :May. \

| Chandler Canal Water Flow versus Fish Entrainment

The proportlon of water. dlverted on test days and the MLEs of the proportron of fish
‘ entramed into the Chandler Canal (Tables 11 and 12) are shown in Figures 9 and 10. Ind1v1dual
standard errors based on multinomial sampling errorfor the MLEs are listed in' Appendix Tables 8
“and 9. For yearling chmook salmon, the -best/-ﬁtting 'regression curve was estimated as: |

Fi=1368-0.234/F

with a 95% prediction interval of:




144

Yearling chinook salmon

1.20 1
;,H,,.o@/.- |
o.m.ou,-...-_._ _._._,,,_,_ o o "
0801 : o - s

‘O....\O..ﬁ o K RN ‘. v 3

0.60 + BT

y

Chandler facility to outfall survival

©0.50 + B S . : . : .. / .. , o

0.40 - (HE S S S S “

1 April 11 April 21 April 1 May 11 May 21 May

Release nwdm_

Figure 6. wo_ommm date versus estimated Chandler facility to outfall survival in 1 991 and 1992.

31 May




94

Yearling chinook salmon

\
..,
. 1.20 ¢ .
: .
4 | .
2 1.10 4 ) ,,
vv 4 , '} )
> |
=3 d )
= | ;
1.00 +
n 5 o
|
& . ,
5 0.90 + . H , : -
m .-. [ .
5 0:807 | .
-
— R
3 0.70 4 .
0 :
W [
‘4 g , )
v 0.60 4 .
o~ -
e .
o . - B
§ 0.50 + s
0.40 " —— g — - =
9.0 13.0 15,0 17.0 19.0 21.0

EmEa 7. Yakima River water 83%&38 versus estimated Chandler facility to outfall survival in 1991 and 1992.

'

11.0

Yakima River Zwﬁmn.ﬁmavmnmﬂ:n,m, (C)




A

Yearling ,nE.boo,w mwu.aos, ,

. 1,20 4
1.104+ S ;8 - P e
1.00

0,90 Ly e TR e T .

o

PRl R
0.70 +

0.60 1

i

Chandler facility to outfall survival

o | ~10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0 90.0 100.0 110.0

Prosser Dam tailrace water flow (cms)

Figure 8. “Prosser Dam tailrace water flow versus nmma_&oa Chandler wmom_zw to bﬁmw___ survival in 1991 and 1992. *




Ly

/

_Estiméted propbrtibn of fish entrained in
" Chandler Canal

Figure 9.

0.70 4+

0.50 4, R

Yearling chinook salmon

1.10 1

1,00 +

P

H.wmm - 0.234/F1
0.86 _

R2

0.40 4— 4 R T — A —~
0.20 10.30 0.40- 0.50 0.60 0.70 0.80

vl

mwovonnwos of Yakima River flow aw<mnﬁma,w=no o:msawmw Canal

Relationship caniooa the Eovo;.o: of Yakima River moi m_<o_.8a (F1) and wawz_sm chinook 355: entrained (Fi)
into the Chandler Canal in 1991 and 1992. The solid line is :5 owﬁ_aﬁaa amamw_o: prediction curve and the dashed

| _Eom are 95% prediction 582»_ curves.




8

oo:o)mmwaos oot e o

1.05 ¢
.
-~ s . g } . o ,
.% H.OO 1 , s '/ “oomooooacdbod soood Igosac T TN ol)poood SB[ 180008
n . . N o . ; . Ry - . B
o
o
H
8 L
(73 0.95 +
ol m n
,M;m 0.90 +
6 o - f
el : . " \ .
S
o : . d
g, 0.85 , , : : : ‘ camaet
) s o R . , . S & ! . e
o e
e N . bt
LTt T e S
9 . et
m  0.80 e ,
E O R | Fi = 0.828 + 0. 213 x F1
e - | L g R2 = 0.23
& « S o o . B
.0.75 — et — — _ — i

T T L T~ -1 - 1

0.30  ©0.35 0.40  0.45  0.50  0.55 ~ 0.60 - 0.65  0.70 = 0.75 -

muovOHn»os of «mw»am ww<mﬂ flow aw<mwﬂmg »sﬁo orm:awmn nm:up

m igure 10. Relationship between the Eovo;_o: of Yakima River moi diverted Q..c and ooro salmon entrained (Fi) into :.o

Chandler Canal in 1991 and 1992. The solid __=m is the 8:3&& Bmawm_oz prediction curve »:a the dashed lines
- are om..\e Ea&o:os 5822 curves.




| o
- 1 2 3
= - 22447

Fi + 0.1443]1.0345 . (H

15.0075

where Fl 1s the. predlcted propornon of fish entramed in Chandler Canal and Flis the proportlon of
’ﬂow drverted into the canal _This regressmn model accounted for 86% of varlatlon in the
_ | proportron of fish entramed in the canal (1 e, R?=0. 86). The model resrduals predlcted minus
: actual values appeared farrly random around zero and normally dxstnbuted However some |
- "lack-of-ﬁt" of the curve was apparent from vrsual mspectlon of the data shown in Frg 9 (i e, the
curve dldnt seem to bend qurte as sharply as the data scatterplot suggested). This prlmanly
resulted from havmg many more ﬂow pr-oportton diverted values on the ends of the ~range (around
0, 3 and 0 5-0 7 than in the mlddle (0. 35 0 5). That is, these rmddle values were less able to -
" shape" the curve in thelr nelghborhood o |

- For coho_ salmon,, the best;ﬁttrng curve was estimated as:

'Fi=0828+0213 < Fl

with a _945% prediction interval of: ‘

-.

2
Fi 0.1189 1 0909 Mw—)
~ 0.1680

This regression model accounted for only 23% of the variation in the proportién of fish entrained -
in the canal (1 e., R’- 0.23). Curve estlmatron and regress1on dlagnostlcs (e g residual plots)

- were drﬁ'rcult to interpret from thxs small data set (n = 11) For example the largest value for the




| '\ proportron of ﬂow diverted was- assoclated thh nearly the lowest value for the proportion of ﬁsh

| entramed, and thls value also had the largest regressron-model resrdual Thrs data point had
strong mﬂuence on how the ﬂow-drversron/ﬁsh-entralnment relatlonshrp was detenmned both
from the standpornt of ﬁttmg a regressxon model and ﬁ'om v1sual mspectron of the data
scatterplot Removal of this value from the regression consrderably changed the predlctlon |
| equatrontoFr—0766+0345XFlandmcreasedR’toO64 i
The above predrcnon curves can be used to expand future ﬁsh counts at the Chandler
\ facrhty into Prosser Dam passage numbers (for tagged and untagged ﬁsh) I-Iowever several -
- caveats should be noted | |
A 1.  The precrsron of such estimates, as calculated ﬁ'om the predlctlon mtervals above |
lell be faxrly low For yearhng chinook and coho salmon, predicted ﬁsh
rentramrnent estimates could vary by a minimum of 14.:7 and 1_2\.;4%, respectrve‘ly
(eg.; given a percentage of ﬂow diverted of 4;5%, arvesearcher vvould predict that
| \85% of yearlmg chmook salmon worild be entramed but could only say with 95%
| conﬁdence that the tme percentage of ﬁsh entramed was between 70 3 and |
| 99.7%). | |
v2‘. ~ These predrctlon curves should only be used for ﬂow entramment proportrons
: observed in this study Flow proportrons greater than those observed most lrkely
unply 100% fish entramment, but the relatronshrp for ﬂow prOportlons less than
- »thorse observed rs unknown. Ifdata wereavallable over'the entire range of |
/possible flow diversion proportions; itis possiblethat a different predictor' function' _

~ would be,appropriat{e.‘




3. Expansion estimates-}using‘ these curves need to be adjusted for Chandler Canal to
',:facrhty estrmated sumval and facility main PIT-tag detector efﬁcrency Estrmates
at "low" canal ﬂow volumes would be hlghly variable.
4. © The accuracy of the coho salmon predlcnon curve is somewhat tenuous due to-

small sample size.-

Manmum leellhood vs Expanded Detectron Proportlon and Relatls'e Recaptnre )

The mean ratto of MLE to EDP estunates of Chandler Canal survrval over years and
| species was 0. 996 (SE 0. 003 Table 14) Indlvrdual values ranged from 0 966 to 1. 033
Therefore, the average estimates from the two methods were not srgmﬁcantly drﬁ'erent e
) Furthermore mdmdual estlmates were not hlghly vanable The EDP method can be used to
. ”' obtam Chandler Canal surv1val estlmates in the future as long as the Chandler facnhty main PIT- i
tag detector eﬁicrency can be estrmated | | |

The mean ratro of the MLE to RR estlmates of the proportron of ﬁsh entramed into
Chandler Canal over years and specres was l 003 (SE 0. 008 Table 14) Indlvrdual values
. ranged from 0. 894 to 1. 154 Therefore average estunates ﬁ'om the two methods were not
srgmﬁcantly drﬂ’erent Furthermore mdrvrdual estlmates were not hrghly varrable The RR
lmethod can be used to obtam entrainment estrmates in the ﬁrture as long as 100% survrval from

the R1 release point to the Chandler Canal can be assumed., :

Chandler Facrhty Mam PIT-tag Detector Efﬁcrency
MLEs of the PIT-tag detectton efﬁcrency of the Chandler facxhty exceeded 94% for all

release days over both years and species, with means and standard- errors ranging from 97 410




‘Table 14. Comparison of the 1991 and 1992 expanded detection propdxtion (EDP) Chandler = .
Canal survival estimates and the relative recapture (RR) Chandler Canal fish. co
entramment proportlon estlmates with the max1mum hkelxhood (MLE) estimates.

Release. = -~ -~ ChandlerCanal sumval o : ) Entramment proportion

Date .. . . - MLE EDP - MLEEDP -~ MLE RR _ MLERR
14 April 1991 " 0.987 - 0987 ' 1.000 : 0670 0639 1.049
- 15Apnl1991 0984 0960 1025 - 0.460 0474 - - 0970
- 16Apil1991 . - 0990 1.003 . 0987 0681 - 0702 - 0970
17 April 1991 0969 - 0979 0.990 - : 10779 0.753 T 1035
22 April 1991 0945 0954 0990 © - . 0597 - 0603 - 0.990
23 April 1991 . 0925 , 0435 -
24 April 1991 - 0.986 0984 . 1002 0509 0518 - 0.983
25 April 1991 0964 .- 0974 09% - - 0518 . 0507 . 1022
26 April 1991 . . 0977 0973 - . 1.005 . 0748 0728 " 1.027
1 May 1991 © 0947 0960 - 098 - - 0966 0995 0971
- 2May1991 . 0973 0990 = 0983 -0991 - 0.968 1.024
3 May 1991 © 0958 0.958 0999 - 0916 - 0937 - 0978
4 May 1991 0992 0972 1021 - - . 1008 0971 1.038
°5 May 1991 ’ 0.997 0.966 - S1032 1022 -lol1 1.011
“7May 1991° - - L o e e ‘
16 May 1991 0978 - 1004 0974 0925 0917 1.009
17May 1991 - = - 0985 0985 1.000 . © 0877 . 0888 "~ 0988
18 May 1991 - ~ 0980 0975 1005 . 1.000 0979 . .- . 1021
21 May 1991 : 1.005 1.030 0976 - - . 0873 0.813 1074
23 May 1991 L. 0988 - 0975 1014 0908 ~ - 0870 1.044°
_ 3 April 1992 , 0952 < 0936 1018 - 0968 0915 ' 1.058
4 April 1992 089 . ~ 0928 0966 0.968 1.006 0.962
5 April 1992 - 0974 . 0987 0987 .. 0888 . 0.827 1.074
6 April 1992 0928 - 0911 . '1.018 S 1012 1030 . 0983
7 April 1992° T STl L D ‘
14 April 1992 0912 .. 0909 1.004 0942 - 0938 1.004
16 April 1992 - 0935 . 0964 ©0971 1.000 0931 T 1.074
18 April 1992 . 0958 0.928 . 1.033 : 0.867 - 0836 - 1.037
20 April 1992 0871 - 0889 098 - 0860 - 0870 0.989 -
21 April 1992 S 0919 0931 -~ - 0987 - 0.857 - - 0.887 - - 0966 . -
22Aprl1992 . - 0904 . 0888 1018 ° 0946 0820 ~1.154
28 April 1992 0952 . 0968 - 0.984 - 0873 0899 0971
29 April 1992 S 0941 10968 0972 - © L1001 1073 . = 0933
30 April 1992 . 0984 0984 1.000 70970 0.967 -1.003
5May 1992 , © 0976 70990 - 0986 1.000 1.000 1,000
6 May 1992 0978 0.967 1011 . . 0999 0.966 - - 1.034
7May 1992 - 0976, 0984 0992 -~ 1000 - 0983 1017
12May 1992° .. e g R . :
13May 1992 0.508 -0.508 . 1.000 - 0925 0937 - 0987
21 May1992° © . 0.696 0708 0983 . 0912 - .1.000: S 0912
22 May 1992 - 0484 - 0484 1000 1.000" _L119 - 0.894
23 May 1992 0492 10507 0.970 © 1000 < LH9 .. - 0.894
27May 1992 - 0.738 - 0738 -+ 1000 1.000 1.033 10.968
2 June 1992° -, 0.569 - ' A :
3 June 1992° et 0.468
"4 June 1992¢° . o= 0.395
Mean - - Lo S 09% S 1003
SE* : 0.003 ‘ ' 0.008

*  No MLE estimates calculated due to poor mixing at McNary Dam.

®  No estimates calculated due to Chandler facility PIT-tag detector malfunction. .

¢ "No MLE or RR estimates calculated due to very small sample sizes or no assumption of 100% Prosser Dam forebay survival.
¢ SE= Standard Error of the Mean :
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979% and»0.4 to 0.6%,respeetively (Tables 11 and 12). Model-based\individualstandard '
.’errors are listed in Appendix Tables 8 and 9. However m 22‘ of the 39 tests, the eﬁieiency was" :
not estunable by the full hkellhood model and was assumed to be 100% dueto 0 detectrons at
McNary Dam of fish not prevmusly detected at the Chandler facrhty |
Estunates of the Chandler faclhty main PIT-tag detector efﬁcrency based on sample PIT- -

tag detector detections of R1 and R2 releases exceeded 95% for all release days over both'years
and species with méans and standar.d errorsrang»ing ﬁ'om 93.0 to 99_.0% and 0.2to O.Ql’/cr, _
respectively (Table 15).. "Estimates wer‘e"obtained by this approach for all release days, with
samole sizes in excess of 30 }sample det‘eetions, except in June l_992. ‘ Sanlple sizes for the June

1992 releases ranged from 8 to 19, with detector eﬁleiency estimates at-<1(i)0%.

- ,~Travel Time

B Chandler Facrllty ‘ , ’ |

| In 1991, the fastest travel times to the Chandler faclhty for fish released in the Chandler |
- Canal averagedv 0.7‘(SE =0. 1) and 0.5, hours (SE =0.1) for yearling chinook and coho salmon,
respectively (Table 16). For both spec1es this was an average of about 0.8 hours (SE 0. 1) |
faster than the minimum travel trme for fish released in the Prosser Dam forebay In 1992, the
fastest travel times to the Chandler facrhty for fish released in the Chandler Canal averaged 1.7
(SE 5'0.2) 'and 1.8 hours (SE = Ogl)yfo,r yearling chmook and coho salmon, respectively (Table'
17). This averaged l.l (SE '='(.).-1’):and 0.6 hours (SE - 0. l) faster than the minimum travelti'me |
for forebay—released yearhng chmook and coho salmon, respectlvely ‘Within both years, mlmmum

travel times of individual release days were faxrly consistent.




Table 15. Estnmated Chandler facility main PIT-tag detector (MD) eﬁicnency based on sample
- PIT-tag detector (SD) detectlons of Prosser Dam forebay and Chandler Canal yearling.
x "chlnook and coho salmon releases in 1991 and 1992.

1991 - L T 1992 _ L :
L w s Estimated w e e : ‘ Estimated
Release SD -~ SDand MD MD - Release  SD SDand MD MD
. date detections detections efficiency date detections detections - _efficiency
‘Yearling chinook salmon =~ EE T e T
14April - S8 . 58° 1000 3 April 63 - 63 11.000
15 April 50 © 50 1000 4Aprl 87 84  0.966
16Apil =~ 79 T8 0987  SApil 77 76 0987
17 April 134 130 0.970 6 April 74 T2 0.973
22 April 104 - 103 0990  7Aprl* ” S R v
. 23 April 88" 88 1000 14Apil 70 69 098
24 April 112 111 0991  16April 68 66 0.971.
25April 209 207 0990  18Aprl = 56 56  1.000
26 April 252 - 251 0.996 20 April 50 49 0.980
© 1May 218 215 10.986 21 April 78 77 - 0.987
" 2May . 181 178 . 0983 - - 22Apil 65 65  1.000
3May - 144 142 098  12May* r - _
4May 142 142 - 10000 13May 46 46 1.000
5May 46 ‘45 0978  21May - - 60  -59 0983
7 May* . - 22May 31 31  1.000
‘ . - 23May 43 41 0953
. Total/Mean 1817 1798 . 0990 ~ 27May 34 = 34 °~ 1000
- SE* - 0002 . 2June 19 19 1.000
S oL . 3 June 17 17 1000
‘Cohosalmon = " 4 June 8 8 . 1.000
16May 115 110 0.957 R R R .
17May 117 117 - 1.000 Total/Mean 946 1932 0988
18May 136 136 1000 SE 7. 0.003
21May 77 74- - 0961 R R
23May 64 63 0984 - Coho salmon , .

' . 28Apnl 62 61 0984
Total/Mean 509 500 0980  29April 67 64 00955
SE ST R 0009  30Aprl - 48 48 1.000
- : 2 ot . SMay 12 71 - 0.986

6 May 63 62 0984
TMay 61 .60 - 0.984
Total/Mean 373 366 0982

SSE- - - ' | - 0.006
* No estimates made due to Chandler facﬂlty PIT-tag detector malﬁmctxon o
b SE Standard Error of the Mean :
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| Table 16 Mimmum and medlan travel time (TT) to the Chandler facxhty for yearlmg chinook and
coho salmon released 1 km above Prosser Dam (F orebay) or at the headworks of'the
. Chandler Canal (Canal) in 1991. :

Forebay ~ Canal -Forebay Forebay . ~Canal Fdre’bay

"Release  Minimum ~ Minimum - - - Canal - Median Median ~ - Canal
date .~ TT(hours) TT (hours) (hours)  TT (hours) TT (hours) (hours)
Yearling chinook salmon - o o S |

. 14Apil. 02 - . 06 S -04 27 . 21 0.7
15 April 1.3 05 08 2.7 20 0.7
16Apil 15 06 - .10 . 32 . - 23 . 0.9
17 April 23 1.2 155 ERNE B § 38 04
22 Aprl 24 1.1 1.4 35 35 0.1
23Apil 12 08 05 31 32 0.0
24 April 14 08" 06 2.7 20 07

- 25 April. 12 09 03 33 28 0.5

- 26 April 13 06 07 34 21 = 13
1 May 20 - 07 13 6.1 53 0.8
2May 17 08 08 46 39 0.7
3May 15 0.6 09 -~ 55 55 . 01
4May 11 07 - 04 45 2.0 2.5
SMay 13 07 - 06 42 T 20 23
7 May* ‘ ' . LA s R
Mean s . 07 07 = 38 3.0 - 08
“SE° 01 01 01 03 03 02
Coho salmon . 7 R : : ' ' ‘ :
16 May 1.2 0S5 07 26 20 © 05
17 May 1.6 03 13 - . 31 23 0.8
18 May 1.2 04 0.8 26 22 05
- 21 May 1.1 0.7 05 23 18 06
23May 13 04 09 21 15. 06
‘Mean 13 . 05 08 .26 20 06

" SE__ 0.1 0.1 0.1 02 0.1 0.1.

* No estimates calculated due to Chandler facility PIT-tag detector malfunctlon
b SE Standard Error of the Mean.
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| Table 17. Minimum and median travel time (TT) to the Chandler facility for- yearlmg chmook and -
coho salmon released 1 km above Prosser Dam (F orebay) or at the headworks of the

Chandler Canal (Canal) in 1992.
2 Forebay‘ ' Canal -+ Forebay “Forebay ~~ Canal -  Forebay:
~Release ~ Minimum = Minimum = -Canal = Median- Median - - Canal

" date TT.(hours)  TT (hours) " (hours) TT (hours) TT (hours) (hours)

. Yearhng chinook salmon o Sl SN B :

- 3 April 21 . L0010 ~ 135 136 , 0.2

- 4 April 23 10 13 143 143 0.0

. SApil 1.7 10 06 112 152 41

~6Aprl - . 19 .1 09 - 149 148 01
14 April 34 1.7 16 - 397 . 373 23
16Apil ~ 26 15 L1 108 88 1.9
18 April - 24 15 09 . 43 34 - 09
20 April 2.5 s 1.0 46 - 43 03

; 21 April 23 - 20 03 50 52 ' 01
i 22 April 29 20 09 ‘53 61 09

12 May* . . BTN -

- 13May 6.0 41 19 74 7.8 04
21 May 42 15 26 67 48 19
22 May 32 28 04 95 91 - _ 04
23May. 3.1 16 1.5 13.9 683 -54.4

0 27May - 23 12 11 58 64 <05

- 2 June 37 25 - 12 15 89 -14
3June 2.1 13 o8 64 . 13 -1.0
4June. = 24 - 1.9 05 - 47 53 05
Mean - 28 - 1.7 L 95 8.1 B
SE* . 02 -~ 02 01 20 19 . 04

* Coho salmon o - : : ' : e , _
28 April 25 16 08 - 41 38 02

C 29Aprl - 26 17 10 60 5.5 0.5

- 30 April 23 18 0.4 - 36 - . 35 0.0
.5 May. .24 19 - 05 3.9 33 0.6
6 May 24 19 05 - 38 33 0.5
7 May 23 1.8 0.4 39 - 36 - 04
Mean 24 18 06 - . 42 - 39 04
SE - 01 . 01 - 01 0.4 S 03 0.1

" No estimates calculated due to Chandler facxlxty PIT-tag detector malﬁmctlon. ,
b SE = Standard Error of the Mean. , o
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In 1991 the medran Chandler Canal-released yearlmg chmook and coho salmon reached ’

- the Chandler facrhty main PIT-tag detector w1th means of 3.0 (SE 0.3) and 2.0 hours (SE= /

0. 1), respectrvely. This was a mean of 0.8 (SE,-— 0.12) and 0.6 hours (SE =0.1) faster than the

) medran Prosser Dam forebay-released fish (Table 16) Medran travel time for Chandler Canal-
released coho salmon m 1992 averaged 3 9 hours (SE = 0. 3) whrch was 0 4 hours (SE=0. l)
| faster ‘than Prosser Dam forebay-released fish (Table 17) Medlan travel tlme charactenstlcs for |
\ 1992 yearhng chrnook salmon were more complex : Between Rl and R2 releases the median

travel time was nearly the same to get to the Chandler facnlrty (the mednan travel time dlfference .

7 averaged 0.4 hours (SE O 4)). However average travel times changed over the migration

| season, as early in Apnl both groups took 11-15 hours, but ﬁ'om mld-Apnl through early June
both groups mostly took 3-10 hours. Also, on two occaslons median travel times were
unexplainably muchjlonger than‘usual, at lnearlyb 40 hour_s for both 14 April groups and at 14 and

| 68 hours for R1 and R2 groups,/respectivelyf, on 2'3Mav.z Close exanxination o_f the l’IT-tag v

: observathn data for these_ groups drd not adequately reveal any datak errors (such as the PIT-tag

- detector problems described in Appendix 2) e |

The' time between nﬁnimuni and rnedian detection at the Chandler facilit)‘l main PIT-tag

, detector was generally only a few hours Also, on average ﬁsh released to the Prosser Dam

, forebay passed the Chandler facrhty up to an hour or so. later than fish released to the Chandler

, Canal Therefore, any penod of time in the hours followmg release in whrch the PIT-tag detector -

~was inoperative or malﬁmctloned would have ‘affected the Rl and R2 groups differently. This

was evidenced for the three release days described m Appendix 2. The obServation of signiﬁcant'.
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bias in statxsncal estrmates asa result of non-random l’IT-tag detectton problems underscored the
‘need for hlghly rehable and stable PIT-tag detectlon systems and careful documentatlon of |
" 'idetectorproblems. o SRy S , o
" McNary Dam |
| In 1991 median travel times from release to pnmary detectlon at McNary Dam were farrly |
: :srmxlar between releases thhln days but varied substantlally over time and between species (Table |
. 18) Medran travel time for yearlmg chlnook salmon in April and May averaged 10 7 (SEs
averaged 0.5 days) and 6.2 days (SEs averaged 0 2 days) respectrvely, whrle medran travel tlme
for coho salmon later i in May averaged 3. 2 days (SEs all 0.1 days) The maxrmum dxﬁ'erence
" between groups released on the same day ranged from 0.4t0 2.9 days Only two medlan travel
" time maxlmum dnfferences were in excess of 2 days the R2 release group medlan travel trme was

- over 2 days longer than all groups on 22 Apnl, and both the Rl.and R2 group median travel tunes

- ‘were over 2 days longer than the R3 group on23 Apnl

McNary Dam 1991 passage dnstnbutxons for yearhng chmook salmon were qulte
protracted in Aprll, encompassmg 3t04 weekS' they were somewhat' shorter in early May at
around 2 weeks Coho salmon passage dlstnbutlons later in May were qurte compact wrth most
. ‘ﬁsh passing in 3 to 4 days (Appendlx Tables 3a-3d) »

Medran travel trmes from release to pnmary detectlon at McNary Dam in l 992 were
) somewhat vanable between releases w1th1n days and varled consrderably over time and between
. species (Table 19).- For yearlmg chmook salmon in early April, medlan travel times were falrly
_ consi.Stent and averaged 1_6:6 days (SEs av‘eraged 02 ‘days).' Maximum diﬁ‘erences_between

~ groups released on the same day,ranged from 0.8 t0 2.0 days, but the groups with the longest and
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- - Table 18. Median travel time (T T) to McNary Damin 1991 of yearling chmook and coho salmon
’ released approxlmately one km upstream from Prosser Dam (R1), at the headworks of -

- the Chandler Canal (R2), 1mmed1ately below Prosser Dam (R3) or at the Chandler
- 'facxlnty outfall (R4) ’

.. Rl " R2 . R3 R4 ~ Maximum
Release Median  Median Median - Median Difference
_date” TT (days) TT (days) TT (days)  TT (days) = (days)
Yearling chinook salmon S T ’
~ 14Apidl 118 129 o118 129 1.1
© 15 Aprl - 102 1.0 119 109 1.7
16 April 112 . 119 109 118 10
17April . 107 . n3 105 113 - 08
22 April 69 97 - 13 6.8 29
23Apil - 98 103~ 75 88 2.8
24 April -~ 109 107 104 114 1.0
25 April \ 11.7 1.7 100 11.2 I &/
26 April - 11.0 118 109 118 - 09
Mean 10.5 112 101 _ - 108 1.5
SE* 05 03 06 - 06 03
~ 1May 74 12 68 6.8 0.6
~ 2May = 68 6.9 68 6.1 : 0.8
3May 63 6l 59 5.4 0.9
4May . 6.0 59 58 56 04
" SMay 66 - - 60 54 50 16
v"7Nhy:,‘ - 58 66 54 6.0 S 12
Mean - 65 64 . 60 58 0.9
SE - 02 02 - 03 03 - 02
Coho salmon S S ; ; S
- 16 May 38 38 © 31 w31 , 0.7
17May - 34 3.7 33 32 0.5
18May 33 - 34 26 27 0.8
.21 May 34 32 30 . 26 0.8
23 May 3.1 35 29 - 28 07
. Mean .34 35 3.0 .29 07

B 01 0.1. 01 0.1 01
| : SE Standard Error of the Mean e ‘ o ’ '




“Table 19 Median travel time (TT) to McNary Dam in 1992 of yearhng chinook and coho salmon -
’ released approximately one km upstream from Prosser Dam (R1), at the headworks of
~the Chandler Canal (R2), immediately below Prosser Dam (R3), at the Chandler facnhty
outfall (R4), at the I-82 bridge, or 1mmed1ately below the main PIT-tag detector in the-

- Chandler facxhty (R6)

A Rl "~ R2 R3 R4 RS  R6 . Maximum
~ Release - Median = Median ©  Median  Median ~ Medain =~ Median  Difference
“date TT(days) TT(days) TT (days) TT (days) T (days) TT (days) (days) :
- Yearling chmook salmon : ‘ ‘ »

3Apil 166 = 168 167 160 167 L0 0.8
4 April - 174 168 - - 169 157 158 D ¥ /
SApril 16.4 177 157 - 160 . 1700 - 20
6 April 169 159 - 169 - 170 170 S 11 .
CTApil 159 178 16.9 167 168 o 19
Mean . 16.6 17,0 16.6 16.3 167 .
SE* - 03 03 02 02 02 - .02
14 April 117 140 12 17 o120 . 28
16 April 16 129 0 97 . 119 . w0 . 032
- 18April . - 90 89 . 84 - 99 10.5 - 2.1
20 April 102 - 107 99 104 106 - 98 09
21 April 99 107 98 99 98 108 .10
22 April 9.8 9.9 98 94 97 99 0.5
Mean 104 11.2 98 106 104 102 18 .
SE 04 08 04 04 03 03 05
12May 311 325 . 208 287 305 117
13May . 289 30.0 278 29.2 294 22
21May 237 251 238 225 255 , - 30
22 May 270 217 245 - 233 29 51
23May = 212 351, - 213 228 243 14.1
27May = 261 223 185 - 179 217 82

~ Mean = - 263 278 . 228 241 . 257 74

" SE - - 14 23 13 17 14 - 20
28 April 47 46 45. 45 47 48 03
29 Aprl 57 57 . 49 48 .54 56 09
30 April 48 48 46 46 46. 47 - 02
5May 58 60 . 58 57 56 59 04-
6May - 56 - 59 52 53 50 50 09
7 May 56 . 58 .54 49 50 51 0.9
Mean 53 - 55 .51 50 - 50 52 06
SE__ 02 02 02 - 02 0.2 02 01
- *Blanks indicate no releases were made. o S : .
- ®SE = Standard Error of the Mean. » ' L
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- shortest median travel times varied daily; Median travel times for the same species in mid-April

o~

decreased to an average of 10.4 days (SEs 'averaged 04 days). Maximum differences ranged

between 0.5 and 3.2 days, with R2 andR.“; grmrps typically havlng the longest and shortest

median travel times, respectively. Median travel times for the other groups were very similar and

- generally rni_dWay between the R2 and R3 groups. In late April lto early May, medlan travel times
~ for coho vsalmon were very consistent over time and release locations (range of all groups was -

| only 4. 5-6 0 days) and averaged 5 2 days (SEs averaged 0. 2 days) Maxnmum drﬁ‘erences

between medran travel times w1thm a release day ranged from 02t00. 9 days Fmally, yearhng

chmook salmon in May had qmte long and highly vanable med1an travel tunes (range 17 9-35.1

| days) averagmg 253 days (SEs averaged 1 7 days) Maxrmum dlfferences between same-day

7 release groups ranged from 2.2to 14.1 days w1th the Rl and R2 groups generally havmg the
longest medlan travel trmes The h1gth variable and lengthy median travel times were the result-

L of small sample sizes and unusual passage dlstnbutlons at McNary Dam (Appendlx Table 3i).

There were very few detecnons recorded for these groups in late May and early June :
. McNary Dam 1992 passage dlstrlbutlons for yearlmg chinook salmon were qurte '
protracted in Apnl encompassmg over2to 3 weeks Coho salmon passage distributions in late

Apnl and early May were falrly compact but heav1ly nght-tmled with most ﬁsh passing ln 4 to 5

days but wrth the rest_spread over more than an additional week laer. The two yearlmg chinook
salmon early May passage distrihutions were nearly bimodal with about half of the detections
~ between 18 and 31 Mayand most of the rest after 10 June. “The final May groups‘had scattered

- McNary Dam passage distributions with most detections after 10 June (Appendix Tables 3e-3i).




. SUMMARY

¢

In general assumptlons of the statlstrcal methodology used in the 1991 and 1992 studles

:were not violated, and maxrmum llkehhood estlmates (MLEs) denved were deemed vahd
, For yearhng chinook and coho salmon in 1991 and 1992 srgmﬁcant mortahty occurred in
| the Prosser Dam and Chandler facility system only.for fish passmg through the Chandler
Canal and faclhty For much of the time and for most condrtrons tested this mortahty was
estlmated at approxrmately 7-16 and 11% for yearlmg chmook and ¢oho salmon,

' " respectlvely. Howe‘ver, after mld-May 1992, when'Chan'dler Canal water temperatures
- ; exc'eeded 15°C (59°F) and water flow was less than 30.0 cms ‘(1060 cfs), yearling |

chlnook salmon mortahty increased s1gmﬁcantly to 63% ‘Avian predat1on at the Chandler

facrllty outfall may have contnbuted to this mortahty (personal observations of the authors :

and Chandler facility staﬁ) but its effect was not assessed in these studres Only 5 valxd "
o tests were conducted in th1s time penod for yearhng chinook salmon and only 1 1 total
tests were conducted for coho salmon | |
“ ‘The relatlonshlp' between proportron of waterlﬂow dlyerted into the Chandler Canal—(Fl)‘
| and proportxon of’ ﬁsh entramed into the canal (Fr) for yearhng chmook salmon was hlgh
®R?=0. 86) but for coho salmon was low: (R2 = O 23). Further predlcted entramment
- estlmat_es had farrly low | preclsrom drd not cover all poss1ble ﬂows, and requrred

adjustment for expected Chandler Canal-to-facllity survival.
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Expanded detection proportion estimates of Chandler Canal survival were quite similar to
the maxrmum lrkellhood estlmates and the EDP method can be used in future studies as

' long as the eﬁicrency of the Chandler facxlrty main PIT-tag detector can be estimated.

" Relative recapture estrmates of the Chandler Canal ﬁsh entramment proportlon were qurte .

‘ \snmlar to the maxrmum hkehhoodestrmates and the RR method can be used in future - |
studles as long as 100% survival can be assumed in the Prosser Dam forebay
The efﬁciency of the Chandler faeil,ity main,PITftag detector was estimated as eXCeeding
95% over both studies: However, there were at least three'o,ccaslons when the deteotor :
B ‘w’as’appa’rently inoperative e ) hou‘rs and these‘malfunctions seriouslyt R
’ 'compronused detection data for study ﬁsh released dunng those times.
Most of the PIT-tagged fish released in the Prosser Dam forebay and the Chandler Canal
~ passed the Chandler facility in a few hours Medran travel tlmes to McNary Dam
’ decreased over time from as long as 17 days in early Apnl 0 as short as 6 daysin early’
‘May for yearlmg chmook salmon and from 5 days in early May to 3 days in late May for

coho salmon.

' RECOMMENDATIONS -

If precise survival estimates in the Yakima River system are required, additional survival g

o ‘st\udie’sr over broad ranges of environmental conditions should be oonducted to elarify and
 substantiate the results obtained in the 1991 and 1992 studies. ‘A primary objective should
be assessment of mortality factors related to passage through the Chandler Canal and

facility.




- 2. Further Chandler Canal ﬁsh entrainment proportion estimatés are necessary to improve‘_the" -
f preéision and accuracy of the estimated fish/flow entrainment relationship. g A e
3. - ngh eﬂici‘ency of the Chandler ,faéility PIT-tag\deteCtion systém shquld be maintained and :

detector malfunctions or downtime should be fully ddcumented. "







- REFERENCES

Burnham, , K. P., D. R. Anderson, G. C White! C. Brownie, and K. H. Pol_lock.' 1987. Design
and analysis methods for fish survival experiments based on release-recapture. Am. Fish. -
Soc. Monogr 5: 1-437 ' o

Hogg, R. V,and A T. Crmg 1978 Introductlon to Mathemattcal Statnstrcs 4th ed.
- L Macmillan;, New York, 438p \

Kendall MG and A. Stuart. 1977 The Advanced Theory of Statistics. Vol 2, 4th ed
‘ Macnnllan, New York, 472p : , , r

| f Mehta, C, andN Patel 1992 StatXact ver. 2.0. Statistical Soﬁware for Exact Nonparametenc '
C Inference User‘s Manual. Cytel Software Corp., Cambndge MA.

Mood, A. M F. A. Graybrll and D. C. Boes 1974 Introductron to the Theory of Statlstrcs 3rd
ed McGraw-Hill Book Co., New York, 564p

Prentlce E.F,T.A Flagg, C. S McCutcheon, D. F. Brastow, and D.C. Cross. 1990.
Equrpment methods, and an automated data~entry statron for PIT taggtng Am. Frsh
~Soc. Symp. 7335-340 ,

' Ruehle T. E and C. S. McCutcheon 1994 PIT-tag studies with ]uvemle salmomds at the
‘ Chandler Canal fish collection facility, Yakima River, 1990. Report to Bonneville Power
Administration, Contract DE-AI79-90PP-0799 37 p. + Appendices. (Available from
Northwest Fisheries Science Center 2725 Montlake Blvd East Seattle, WA 981 12. )

, Seber G A F. 1982 Estrmatlon of Animal Abundance and Related Parameters 2nd ed. Oxford )
Umverslty Press New York, 654p. :

USACE (U.S. Army Corp of Engmeers) 1991.. Annual ﬁsh passage report-199l .
© Columbia/Snake River projects, North Pacific Division. (Available from U. S. Army Corps
of Engmeers P.0. Box 2946, Portland OR 97208 ) o

Welsberg, S. 1985 Apphed Linear Regressron, 2nd ed John Wnley & Sons New York 324p.

65







' Initlal estimates for,the lteratiyef likelihood models' i) m these studies were/ obtained
using method-of-montent (MOM) estimators. MOM estimators were ’deriyed by settin_g the = -
detectron h1story totals equal to their. expected values and then solvrng the equatrons B
srmultaneously for the varlous parameters (Hogg and Crarg 1978) The MOM estrmators
: presented below apphed to the 1991 expenmental desrgn Some of the 1992 MOM estimators =
were identical to the 1991 estrmators whlle others were somewhat dlﬁ'erent as they mcorporated
mfonnatlon ﬁ'om addltlonal release locatlons R5 and R6 (as deﬁned in the text) The resultmg
MOM estlmates from the observed data are presented in Appendrx Tables 6 and 7.

The parameter notation for the’follOwrng equatrons were defined in the text. Parameters

 APPENDIX1

. were uppercase while MOM estlmators were lowercase The detectlon hrstory totals were

deﬁned as x,ﬁ( . where uk were the detectron hrstones deﬁned in the text. Although the sizes of the ~

release groups on the same day were not always equal (e, due to shghtly different tagging and

' mortahty numbers) they were similar enough that they were assumed equal for algebrarc :

srmphclty in solvmg the MOM equatrons and the average release number R, was used.

The followmg equatrons were used to obtam MOM estrmators for 1991 (Note that

detectron totals Xio0 were not needed to obtam the solutlons)

X

-~ Xno
T X0
Xn
X210

X>01
- X31

Xa

RS,DS,PS, sml

RS, DS,P(l-8, Su) - -
RS, 8., (DS, (1-p) S,+(1-D) Ss)
RS,PS, S, .

RSzP(l -S, Sm)

RS, (1-P)S, S,

RS3 ml

) Rsml
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“The MOM esti'métors for the initial 1991 maximum likelihood iteratiVe estimates were then

derived as: -
= x4/R .
Xy lxg
= X/ (Xa01 + Xo11)
> (X0 ¥ Xo11) / Rp
= X/ (X0 + xzu) Sm1)

1 /((((XIOI + Xm)/xm) (1 /p) (in /X31) + 1)
= (xuo + xm) / D (leo + xzu)




' APPENDIX 2 -

Maxlmum leellhood estlmates for Sl S2, P and Chandler fac1hty travel times for 7 May |

1991 7 Apl’ll 1992 and 12 May 1992 were dlﬁ’erent from the estlmates for all other release days |

" The dlﬁ‘erences were substanttal and similar between days.- PIT-tag detections through time at the |
" ‘Chandler faclhty main PIT-tag detector were exammed for these three and adjacent days. In all
- 7, three cases 1mt1al detectlons for R1 and R2 releases were much later than other days.' Also the
 two groups were detected together whrle on other release days R2 fish were generally detected

| : ahead of Rl fish. F ollowmg are detailed descnptrons of the dlﬂ‘erences dlscussed above for the '

three affected release days. Compansons involve only yearhng_chmook‘salmon releases.

P May 1991
1. e The,average S1 estimate was 0.9"9.‘k The 7 May S1 estimate was 1.i12 and was the only :
estimate over 1. 03 | The averaée SZ estirnate was 0. 97” . The 7 May SZ estimate was 0 77 |
and was the only estlmate below 0.90. The average P. estlmate was 0.98. The7 May P :
'k estlmate was 0.60 and was the only estimate below 0 95 B
’2.' For R1 and R2 fish released on7 May, 88 and 108 were not detected at the Chandler
-‘facrhty, respectlvely The maxrmums for other R1and R2 releases in May were 23 and '
. 15, respectlvely. e . B
3. "’Minimnm travel times for Rl andR2 ﬁSh“released)on 7 May were 24 and 2.7 honrs,

respectively. -Y‘Otherj release days averaged 1.5 and 0.7 hours, respe_ctively.. The difference
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between m_edian travel times for R1 and R2 fish released on 7 May was -0.6 hours. ‘Other '

B release days averaged 0.8 hours.

| jAprn "1992 -

: The average Anril S1 estimate was.0.198.', The 7 April 51 estimate was 1.12 and was the
only estimate over 1.03. The average April S2 estimate v'vas,p‘.93. “The 7 April S2

;estirnate was 082 and was theonly estirnate belew 0.7'187_. The average April P estimate '
»'Was 0.97. The 7 April P estimate was 0.72 and was the only.estimate below 0.95.

~ For R1 and R2 fish released on7 Ahril, 47 and 61 were not detected at the Chandler

facility, respeetiyely. The maximums for other Rl and R2 releases in April were 31 and

17, respectlvely

" Minimum travel times for Rl and R2 ﬁsh released on 7 April were 8.4 and 88 hours
respectrvely‘. Other release days averaged 2 8\ and _1.7 hours, respeetlvely. The drfferenee
betweenmedian travel tirnes for RlandR2 ﬁsh rele'ased on 7 April was -55.9 houry's.v _'

" Other release days averaged 0.4 hours.

1 May 1992
I The ayerage 'May S1 'estimate vxtas 1.06. The 12 May St estimate was 1.45 and was the

' only estimate over 1. 11 The average May S2 estlmate was 0.58. The 12 May S2

. estimate was 0. 31 and was the only estimate below 0 48 There were no May P estimates.
- For Rl and R2 fish released on 12 May, 76 and 84 were not. detected at the Chandler

fac1hty respectrvely The maximums for other R1 and R2 releases in May were 65 and

: 63, respectlvely.




- Mlmmum travel trmes for Rl and R2 ﬁsh released on 12 May were 6. 0 and 6. 2 hours
respectlvely Other release days averaged 2 8 and 17 hours respectlvely The dlﬁ‘erence |
‘ /between medran travel times for R1 and R2 ﬁsh released on 12 May was -5.3 hours

- Other release days averaged 0.4 hours
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‘;Appendnx Table la. McNary Dam passage dates for yearling chmook salmon released one km above Prosser Dam in Apl‘ll 1991 and
detected (D) or not detected (ND) at the Chandler faclhty

. Release Date 2 S T .

Passage 14 April 15 Aprit 16 April - 17 April 22 April 23 April 24 April -2 April 26 April
Date ' "D ND - . D ND D ND D ND D - ND D ND "D 'ND- D ' ND . D ND
18 April 2. e ) ' . : '
19 April. 2

20 April

21 April s -0
22 Aprit :
23 April -
24 April
25 April
26 April
27 April
28 April

© 29 April
30 April
-1 May .

2May 2

3 May

4May 1

5 May 1 2
6 May ) . .
7 May 2 . 2
8 May [ | o
9May ' 1 1
10 May I 1 . . ‘
:11'May . . 1 . : ‘ 1
12May S : ' o

13 May ; R 1 1 1 1 1.2
14 May 1 : o ) 2,
.15 May , ' B ‘ " : > ‘ 1

16 May . - . 7, ; . . : ' ) ‘ o

17 May . . . ) .

18 May . : 1 : 2 ‘ o 1

19 May SRS M ' L ' . 1 "

20 May p ) ) . 1 ' 1
21 May - ‘ - . ~

22 May

23 May

24 May . B : : a2, . : | ' . :
25 May . 1 . . ’ . . - -

R U SRV
TRV

Laadl o 2L - WP I N
e DD DD S e D
H A D NN

— -] N
—
L]
-

W N e
R
Qv BN W

...
Y
=

B T R O R R R VA O e

[ R S e N S Y

...
DWW
=

——

00

B e 63 e mm DD e ) O\ WD G RA U3 da e e
3 -

—
W W W W

X Y IR PO Y

-
S 00 O\ e LW W

S =

—

(R R VR R N Y P
AVWOTIHLO WS

~
-
e R RO IR OSSRy

AW W ] O W
—_—W i RN WO

w N

- N - b o

Total 31 21 33 5 46 28 - 51 24 57 37 39 49 .51 49 64 51 80 29
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B lAppendlx Table 1b. McNary Dam passage dates for yearlmg chmook and coho salmon released one km above Prosser Dam in May
B 11991 and detected (D) or not detected (ND) at the Chandler facility. .

Passage
Date

Release Date

1 May

D. . ND:

" 2May 3May" 4May  SMay 7 May . 16May - 17May
D ND D ND D ND D ND D ND: D - ND D 'ND

18 May
D ND_

" 21 May
D ND_

23 May
D ND

5 May
6 May
7 May
8 May-

- 9May -
- 10 May
11 May . .

© .12 May .

13 May

. 14May
15 May. -

16 May
17 May

18 May

19 May
20 May
2] May
22 May
23 May
24 May
25 May.
26 May

- 27 May

28 May

29 May

30 May

31 May’

1 June
2 June
3 June
4 June
5 June -
6 June
7 June
28 Juné

Total

—
-]
—

—
[ S

—
w
= 0
[

0N

. . —’
—_WN O 00 =D N )
B L R S RN
©

b et et et DD

w
W -
—
—
<
NENWIO0WN

15 4

—
—

27

— D e

23

10

61

N R

30 s

98 4

8 1 68 9 91 1 802 542 46 6 54

48




Appendix Table Ic. McNary Dam passage dates for yearling chinook salmon released one km above Prosser Dam in Apnl 1992 and
detected (D) or not detected (ND) at the Chandler facility.

: ReleaseDate . , ‘ . ; T - i P - ;
Passage 3 April 4 April s April 6 April 7 April 14 April 16Apil  18April . 20Apil - 21Aprl . 22 Aprl
Date -~ D _ ND D ND D ND . D ND D ND D ND D ND D ND D .- ND D ND D ND
8 Aprll 1 ‘ : ' ; '

10 April o
11 April .

13 April
14 April
15 April
16 April
: 17 April
18 April
19 April
20 April -
-~ 21 April .
22 April
.23 April
24 April
25 April
26 April
27 April
28 April '
- 29April - SO T
30 April oo Vel
1 May
2 May
3 May
4 May . | | | ‘
5 May : : ow " i o 1
6 May S SR ; - S
- 7May , S ‘ =" o2
: 8 May 1 : ' ’
9 May : - : B Co 2 ,
10 May : : ' ‘ \ ' : 2. - 2 2 2 o
- 1iMay , : : ‘ - ' \ ; T
12 May : ) ' ' . 2 . _ o 1 :
13 May , : - v » : ; : 1 \ JE
18 May . R . : , o
19 May _ ' ' 1 e :
20 May ' . 1
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[ e
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Appendlx Tdble 1d. McNary Dam passage dates for coho salmon released one km above Prosser Dam in Apnl and May 1992 and
detected (D) or not detected (ND) at the Chandler faclhty

: PasSage

Date

Release Date
28 April -
D ND.

29 April 30 April

Ma

g w
O

D ND D ND

<
i O\
=
2

1 May

' o ’ 2\May

3 May
4 May
5 May

: .6 May

7 May

VL

- 8May

9 May

-10May
11 May
- 12May
- 13May
14 May
15May

16 May
17 May
18 May

19 May

20 May

. 21 May

22 May
23 May

24 May

25 May

26 May .

27 May

28 May

2
14
18

@‘8

6 .
3 -
1

56

3 .

g 1
. 351
o113

3

17 15

11

B W T R

WL A

— NN

Total

68 1 71 2 29 0 29
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Appgndlx Table le. McNary Dam passage dates for yearling chinook salmon released one km above Prosser Dam in May and June
1992 and detected (D) or not detected (ND) at the Chandler faclhty

Release Date _ s = P ' L .
Passage 12 May 13 May 21 May - 22 May 23 May 27 May 2 June 3 June 4 June
Date. D ND D ND D ND . D ND D ND D ND D ND D _ND D ND

19 May
20 May S 2 1 o
21 May ' N

. 22 May 1 11

23 May 1

24 May

12 June
13 June
14 June -

25May \ : 1 ‘ v : o
26May - . 1 R o fe L '
27 May : : o :

28May .- B Bo o, B TN 1

29 May ‘ b

. ~30 May- -7 June
. 8June i

9 June
10 June
11 June

(U —
[S Y

OO = e (0

15 June : %
16 June . . . 2 ) EO e : .
7hne . : : AT TUTEL I ‘ = B
18June ‘ ' ‘ . : ‘

—
—
—
N

19Jume 1 , . : 1 1

20June =~ 1 1 : 1 . : : S % o o 1

2L June. i T S T |

22 June ' . AR R =y , 1

23 June : , | B , E
24 June - : ) L . e
25 June ' e ° . @ 2 e e, S B
26 June : : : ;

27 June .

© 28 June B R S e - : C 1 B

29 June

30 June o o 4

1July’ o 54 , ‘ i ' -
2 July , : # ) . v | R | ‘
Shly. . v : - 1 1

4 July s , : . ' . 1

Total 4 8 13 4 8 2 3°0 s o 1 0 2_0 7 1 2 0
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Appendxx Table 2a McNary Dam passage dates for yearling chinook salmon released one km above Prosser Dam or at the headworks
of the Chandler Canal i in Apnl 1991 and sampled (S) or not sampled (N S) at the Chandler facility.

Passage -

Date

Release Date ; .
14 April - 15 April - 16 Al’ﬁl

8 NS - .8 NS 8 NS

17 April "_22 Agpril

23 April

24 April
NS S

25 April
'NS.

26 Apt‘il‘
NS

S

18 April

19 April

20.April

- 21 April

22 April
23 April

24 April

25 April

26 April

27 April

28 April -

29 April

. 30 April
1May. -
2May

3 May
4 May

S May .
 6May
7May .

8 May
9 May
10 May
11 May

12 May - -
- 13 May

14 May
15 May
16 May

17 May -
-~ 18 May

19 May
20 May
21 May

22 May

23 May
24 May

-25May -

Total -
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Appendlx Table 2b McNary Dam passage dates for yearlmg chinook and coho salmon released one km above Prosser Dam or at the
headworks of the Chandler Canal in May 1991 and sampled (S) or not sampled (NS) at the Chandler faclllty

,Release Date
1 May
S NS

"2 May 1 3 May . 4 May

5 May

.S

_NS

7 May 16 May " 17 May
S NS S ‘NS S NS

l‘SMay" © 21 May: '23May
S NS S NS __ S Ns

T

20 28
21 22
11 17
15
4
1
4
2
2

1

5 ) Lued
BN W WA LW

104" 102

68 108

8 NS S NS . S Ns
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— D
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w0
=AW LW W
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©» 200 %o
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A b N e W
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5292
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- e D
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1
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/ Appendlx Table 2c McNary Dam passage dates for yearlmg chinook salmon released one km above Prosser Dam or at the headworks
of the Chandler Canal in April 1992 and sampled (S) or not sampled (N S) at the Chandler facxllty '

l;a'ssage
Date

Release Date

8 April
9 April °
10 April
11 April’

" 12 April
“'13 April
14 April

15Apil
16 April

17 April
18 April
19 April
20 April
21 April
. 22 April
23 April
24 April
25 Aprit
26 April
27 April
28 April

29 April |

30 April
1 May
2 May
3 May
4 May
. 5 May

6 May .

7 May

8 May

9 May

. 10 May
11 May

12 May

.13 May

© 14 May

15 May
16 May
17 May
18 May
19 May
20 May
‘11 June

© Total
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Appendix Table 2d. McNary Dam passage dates for coho salmon released one km above Prosser Dam or at thé headworks of the
Chandler Canal in April and May 1992 and sampled (S) or not sampled (NS) at the Chandler facility.

.. Release Date ~ : . “ s
Passage . 28 April 29 Apil  30Aprl - 5SMay 6 May 7 May
Date : S NS S NS S NS S NS S NS S NS
‘1 May '3 ‘ o L
\2 May :
3 May
4 May
- 5May .
6 May : 5
7 May . '
. 8May -
9 May - 1
. 10 May S
11 May i 1 1
12May | '
13 May -
14 May . |
15 May = . .
16 May . ) . J 2 ' . - 7
17 May ' o T Mlae AL 1 3 v : acbgs ., A,
18May 2 L2 G ' I P -1 3 : _ o
19 May . o 1 1
20 May 2 : -
21 May - o . T .0 2 1
22 May T ,
23 May - . g . i O 4o ‘ 1 ;
- 24 May : : 1 1 : 11
25 May ‘ i '
26 May - _ og ;
27 May ' ‘ h s o0 2
- 28 May - 2 1 o 1 ! ‘
29 May af 8 ’ 1
6 June : ) o . . '
7 June o A . _ " 2
8 June . . . ) : 1
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.
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;  Totl | 2771 3489 23 101 . 24 41 18 50 17 67
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Appendxx Table 2e. McNary Dam passage dates for yearlmg chmook salmon released one km above Prosser Dam or at the headworks
of the Chandler Canal in May and June 1992 and sampled (S) or not sampled (N S) at the Chandler facxhty

7

: , Release Date : ‘ a0 _ ‘ ‘ ' ]
Passage " 12May . . 13 May . 21 May . 22 May 23May . 27May . 2June 3 June 4 June

Date : - S NS S ‘NS - 8: NS S NS S NS 8- NS 8§ NS S NS S NS
20May 7 - - ‘ —— : — -

2 May ‘ 1 1

—
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5
o
: = 5 b
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N B m
—_— NN
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B b= e B e
—

Total 8 1S 1022 . 3 15 1 s 2 3 0 4 0.7 112 . 0 4




Appendix Table 3a. McNary Dam passage dates for yearlmg chinook salmon released one km
above Prosser Dam (R1), -at the headworks of the Chandler Canal (R2),
immediately below Prosser Dam (R3), or at the Chandler facility outfall (R4)

- from 14-17 Apr11 1991 Medlans are in bold

,_ Release Date ( v LT e
- Passage = 14 April 15 April =~ 16 April 17 April
Date RIR2R3R4 RIR2R3R4 RIR2R3R4 RIR2R3 R4
18Aprl = 2.2 2 - '
19 April 2.
20 April
21 April 1
22 April "
23 April
24 April
. 25 April
26 April
27 April
28 April
29 April
30 April
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- 2May
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4 May
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9 May
10 May
11 May
12 May
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16 May
17 May
.18 May .
19 May 2
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Appendlx T able 3b McNary Dam passage dates for yearling chinook salmon released one km
-~ above Prosser Dam (R1), at the headworks of the Chandler Canal (R2),
- immediately below Prosser Dam (R3), or at the Chandler fac111ty outfall (R4)
v from 22-26 Apnl 1991.. Medians are in bold '

cu L ,ReleaseDate o e o L

Passage - 22 April 23 Aprl = 24Aprl = . 25April = 26 April
~ Date = RIR2R3R4 R1R2R3R4 R1R2R3R4 R1R2R3 R4 R1R2R3R4
" 25 April 313 2 s - - -

26Apl 13 414 9

27 April. 11 10 12 13

28 Aprit .. 17 7 810 1
29 April 10 7
30 April '

1May

‘2May

3May

4 May
.. > May

6 May

7 May

8 May

9 May

10 May

11 May

12May =

13 May. 1

14 May 2

15May o ‘ , ons
- 16 May 1 2 : T B ~
17May R - » 2. 1=

18 May : o 1 S

19May 1 1 11 - ,
- 20 May : [Tt s ey - w1 RS
- 21 May 1 e ot S

- 22 May e . ' o
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Appendlx Table 3c. McNary Dam passage dates for yearling chlnook salmon released one km above Prosser Dam (R1), at the _
© - headworks of the Chandler Canal R2), 1mmed1ately below Prosser Dam (R3), or at the Chandler faclllty outfall
(R4) from 1-7 May 1991. Mednans are in bold.

, Release Date : : . ' i
Passage 1 May : 2 May 2e 3 May 4 May . 5May ' 6 May
" Date RIL R2 R3 R4 Rl R2 R3 R4 - Rl R2 R3 R4 Rl R2 R3 R4 - Rl R2 R3 R4 Rl R2 R3 R4
- 4May - . o o . '
' 5 May 1T 8 5 x ‘
6 May 6 6 13 17 4 3. 8 13 1 1 1 3 ‘
7 May 2524 30 17 11 13 17 26 -6 - 6 17 21 . r 2
8 May .y 19 25 19 21 19 .16 27 23 11 15 17 23 1420
9 May 16 14 1218 21 23 160 22 19 19 25 23 28
-~ 10 May 18 18 916 1711 18 - 20
- N May - i ' 15
. 12 May
" 13May ©
14 May
15 May
16 May
17 May
18 May : "
19May - - -5 1 1 ‘ . .
20May 1 1 SN I S 2 .
21 May 2 1 1 1.1 1 2 R | ‘ 1 .1
22May - . ] R | R o : ' TR 1 :
- 23May 1 : , 1 ‘ 1
24 May o ) . : v e o , _ o . 1
25 May d Toae ' , : o 1 » L 1
26 May- _ ‘ N ‘ s, : : ‘
* 27 May = g o : ’ : S L 1
. 28 May ’ ‘ ‘ : !
29 May
30May : ' o . SRR ‘ : ' e
31 May , o , o - : ’ 1.
1 June ‘ ‘ ’ ‘ ' : ‘ ‘ :
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" 28 June : ‘ ' = e 1
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: Appendnx Table 3d. McNary Dam passage dates for coho salmon released one km above Prosser
: : ~ Dam (R1), at the headworks of the Chandler Canal (R2), immediately below
- Prosser Dam (R3), or at the Chandler fac111ty outfall (R4) from 16-23 May
1991. Medlans are in bold

- Reiease Date B ‘ :
- Passage l6May - 17 May 18 May : 21 May - 23 May

-~ Date ~  R1R2R3 R4 R1R2R3R4 R1 R2 R3 R4 R1R2R3R4 R1R2R3 R4 :

18May 1 8 8
19May 1923 45 42

20May 1919 816 311

21 May 810 2 6 152

22May - 1 \

23May 3

-24May = 1

25May : 7

26 May - 1. : ‘ , | 4

27 May ‘ 1 ; c: _ R 7

~ 28 May 7 _ 4 1 : .6

29 May , R 1 s . v

30 May : \ / S o . 1

31 May 1 SR 2 S :

1 June L R ;

2June S R
3June ‘ ‘ - :

4 June -

~ SJune 1 . o ,
“6Jwme -2 ety
7 June , 1 : , : e .

8 June : - ' C ’ -

-9 June : ' 1 .

 10June . . -

.11 June = o M 1

12 June L e , > e - o
B - et AT R e

14 June - e SRR Tl T

15 June = . . S B

- 16 June ’ SRR A B T |

‘28 June . ) R TRUTU S ERCR e ST

33 10 12 23 20

16. 22 17 42 30

3 2316 312 |
4.3 44 4 91124

1 1 6 1. 21293039

102 212015 9 11

1 1912 5 3 14152
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Appendlx Table 3e McNary Dam passage dates for yearlmg chinook salmon released one km above Prosser Dam (R1), at the
- headworks of the Chandler Canal (R2), immediately below Prosser Dam (R3) at the Chandler faclhty outfall (R4),
or at the 1-82 bndge (RS) from 3-7 April 1992. Medians are in bold.
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Rl R2 R3 R4 RS Rl R2 " R3 R4 RS Rl R2 R3 R4 RS RI R2 R3 R4 RS
) : :

2

wW N

1

-

—

R ANNN W,
W

‘ ‘ = __
- AR DS W WD W N -
NN ANN A~ -
. — =
WWEHNRNBALORAVLUNDWAW
AN DN -

[

Voo H S 1 b D 00 W
 RANNWR OO VR WAW

S s -
BN O WWWH WG b

5
9
4
3
4
10
.3
s
2
4

bk

—ANBRNANNO NN
N e RSN AR DN AR D RO -

—)
-t et DD WD W NN N
[V
WAWEAAWR =W
— At
——-00 W
NB N 00 e U w) N
. Lo
[ S - Y
N R T gy
£ OVE 00 GO G0 e

Q3 B et et et gt
TR WNRNNWN DR WS R S 0NN
_ -

—1
DN NUNRNEALWOANANRNW -

!_._,
RN NWANW

[P S G SN €

WRRNNRNWEUUN—=NOHONRNE -

PDWWOANULER AN WG WO K I e

RN M AWNW 0 N 00—

;--.N-,-—-{&qu-—m&

RN AN LN —-W
NRRNWENAERRANTWAD AR TINN -

—




Appendnx Table 3f McNary Dam passage dates for yearlmg chinook salmon released one km above Prosser Dam (Rl) at the headworks of the
Chandler Canal (R2), immediately below Prosser Dam (R3), at the Chandler facility outfall (R4), at the I-82 bndge (RS), or
immediately below the main PIT-tag detector in the Chandler facility (R6) from 14-22 April 1992. Mednens are in bold.
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Rl _R2
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'Appendlx Table 3g. McNary ] Dam passage dates for coho salmon released one km above Prosser
Dam (R1), at the headworks of the Chandler Canal (R2), immediately below
Prosser Dam (R3), at the Chandler facility outfall (R4), at the I-82 bridge
(RS), or immediately below the main PIT-tag detector in the Chandler
facility (R6) from 28-30 April 1992.. Medians are in bold.

‘ ‘ Release Date R, L
- Passage 20 April : ‘21 Apnl 22 April :
. -Date - R1R2R3R4R5R6 RIR2R3R4R5R6 RIR2R3R4R5R6 "
30 April - DR IR 1
"1 May - ’ o
- 2 May
3 May
4 May
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6 May"
- 7May
8May =
O9May 1
10 May :
- 11 May 3 1 1
12 May : 1
I3May - ' 2
- 14May 1 o
- 15 May ’ : 1
16 May © L el S | e
17 May R IR R 1 1
18 May - : ’ LT - o
19May s L 1 B
20 May S . ‘ o , ' i L
21 May S ; e SRS DR |
22May RSN
23May el L 2 . .
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- Appendlx Table 3h, McNary Dam passage dates for coho salmon released one km above Prosser -
' Dam (R1), at the headworks of the Chandler Canal (R2), immediately below
" Prosser Dam (R3), at the Chandler fac111ty outfall (R4), at the I-82 bridge
~(RS), or immediately below the main PIT-tag detector in the Chandler
facility (R6) from 5-7 May 1992. Medians areinbold.

R ReleaseDate SR N
‘Passage SMay 6 May T May . : ‘
Datet RIR2R3R4RS5 R6 R1R2R3R4R5R6 R1R2R3R4R5R6
8 May 11 1 -
9May ©2 13 11 1310
10 May 7:10 10 6
M May 12 10
12May 7
13 May
14 May
15 May
16 May
17 May S o
18 May e 1 11
19 May - , 11 1 1
20May T
21May - 1 1
22May
23 May : ‘ - - -1 .
24 May SR SR -2 , 1. 1 1
25 May S | ) 1 T
26 May 1 ' 1 1. - S |
27 May S , _ 1 1 1
- 28May 1 N | Hs '
29 May ] : T 1
30 May. _ N S Lo 1
31 May ‘ ' - '
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Appendlx Table 3i. McNary Dam passage dates for yearlmg chinook salmon released one km above Prosser Dam (Rl) at the headworks
5 of the Chandler Canal (R2), immediately below Prosser Dam (R3), at the Chandler facnllty outfall (R4) or at the 1-82
bndge (R5) from 12 27 May 1992. Medians are in bold.

Release Date : ) ‘ % K o
12 May ‘ 13 May . 21 May" 22 May ) 23 May ) " 27 May
'Rl R2 R3 R4 RS Rl R2 R3 R4 RS Rl R2 R3 R4 RS Rl R2 R3 R4 RS Rl R2 R3 R4 RS Rl R2 R3 R4 RS-

1
2
1
3
3
2
-5
1
4
1
1

—— N N W W
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=N LR NWN
{8 AR S IS B

—
et s et gt gt s DD DN NN

33 36 35




\ Appendnx Table 31 McNary Dam passage dates for yearhng chmook salmon released one km

- .above Prosser Dam (R1), at the headworks of the Chandler Canal (R2),

_ immediately below Prosser Dam (R3), at the Chandler facxhty outfall (R4), or.\ 7 |

at the I-82 bndge (R5) in June 1992

3 Passage
‘Date

'Release Date e
"~ 2June ~ 3 June B ‘ 4June '

14 June
- 15 June

16 June

. 17 June
- 18 June
19 June

20 June
21 June
22 June

23 June

24 June -
- 25 June

26 June

27 June
- 28 June
29 June
30 June -

1 July

2 July

3 July-

4 July -

S July.

6 July

7 July
8 July

18 July
- 2lJuly

Total -

R1R2'R3R4\R5’_ RIRZ2R3R4RS R1R2R3R4R5

)

1

6 0 0 0 87 10 1 2 2 020




16

. ‘Appendnx Table 4. Detectlon history totals for PIT-tagged yearhng chinook and coho salmon released one e km above Prosser Dam
(R1), at the headworks of the Chandler Canal (R2), immediately below Prosser Dam (R3), or at the Chandler
facnhty outfall (R4) in 1991. Abbrewatlons CHF-Chandler facility, MCN-McNary Dam Det-Detected

166

R1 5 R2 T R4
: - Det Det Det Det Det Det Det . Det

Release Not at at aa - Not at at  at Not at ~ Not at

~ Date Det CHF MCN Both ~ Det CHF MCN Both ~ Det MCN  Det MCN

. Yearling chmook salmon ; o SRR e
14 April - 35 63 21 31 . 2 8 0 59 8 67 80 170
15 April 58 58 51 33 6 107 2 8 110 90 106 94
16 April 34 92 27 47 2118 0 8 118 82 119 81
17 April 33 92 24 51 9 122 1 68 91 109 - 115 85
22 April 49 57 37 57 11113 0 76 109 91 . 127 73

- 23 April 71 41 49 39 15 107 .0 77 113 87 111 89
24 April 50 50 49 51 - 4107 1 8 -103 97 112 89 -
25 April 64 46 51 . 64 8 121 0 9 117 108 107 118
26 April 37 78 20 8 6 105 1 112 109 116 108 117
1 May 9114 4 98 12 104° 0 109 111 114 121 104
2May 13125 1 8 6129 0 9 108 117 108 117

-3 May 14 110 9 67 10 112 1 77 106 94 . . 105 95

~ 4May 13 145 1 91 5142 2 101 132 118 135 115

5 May 711 2 80 7 122 4 67 107 93 103 97
-7 May 63 58 25 54 80 53 28 39 103 97 101 99
Coho salmon - ‘ ‘
16 May - 15108 6 46 6109 1 59 107 69 103 72
17 May 18 121 7 54 3 141 0 56 144 56 145 55
18 May 9130 0 6l 4 138 1 57 1271 T3 133 67
21 May 31 113 8 48 1128 1 70 139 61 - 125 75
22 May 28 137 5 30 7 159 1 33 153 47 34
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Appendxx Table 5. Detection history totals for PIT-tagged yearling chinook and coho salmon released one km above Prosser Dam
~ (R1), at the headworks of the Chandler Canal (R2), immediately below Prosser Dam (R3), at the Chandler facility
‘outfall (R4), at the I-82 bridge (R5), or immediately below the main PIT-tag detector in the Chandler faclllty (R6) in
1992. Abbrewatlons CI-IF-Chandler faclllty, MCN-McNary Dam Det-Detected

R6

7 May N

Rl «‘ R o R3 RS . -
; - Det Det = Det Det Det - Det - Det : Det "Det - Det -
Release - Not at at a8 .~ Not at at - at Not at Not at " Not at . Not at
Date Det CHF MCN Both - - Det CHF MCN _ Both Det  MCN Det  MCN ‘Det MCN . Det MCN
Yearling chinook salmon . ‘ S S - S W T e
3April 14 52 3 . 55 7. ‘63 o1 54 55 10 57 68 53 72 0 0
AApdl 16 8 3. 69 -~ 18 8 0 67 8 92 87 87 81 94 -0 0
5 April 16 57 10 67 ‘4 8 . 0 62 56 .92 719 59 91 0 0~
- 6 April - 11070 2 67 14 68 3 65 62 88 .69 8l 74 76 0 0.
7 April 31 54 16 . 49 S44 42 17 . 46 66 . 83 64 86 52 98 0 0
MApil 14 48 5 57 12 62 1., 50 55 70 47 T8 63 61 0 0 .
16 April - 15 47 0 61 8 58 0 58~ 60 62 65 57 51 73 0o 0
18 April 17 45 11 52 7. 56 . 2 60 52 712 540 71 47 78 0.0
20 April 21 48 10 46 16 54 0 54 51 68 61 64 54 Tr 45 80
21 April 14 55 9 47 10 53 o0 . 61 64 6l 50 75 45 . 80 65 60
' 122 April 23 50 4 41 13755 1. 5  s6 66 56 69 57 68 60 65
12May - 68 31 8 . 15 84 29 0 8 78 33 . 85 36 84 35 0. 0
. 13 May S 61 46 4 13 61 4. 0 19 . 72 53 89 36 71 . 50 0 0
2lMay - 35 79 2 8 .38 77 0 10 101 20 104 21 103 15 0. 0
2May = - 58 63 0 -3 63 s6 .0 3 . 114 9 112 12 107 12 0 0
" 23May - 58 61 0 5 62 59 1 0 s -9 s 9 118 7 0.0
- 27 May 32 9. .0 .2 32 8 0 2 119 6 9.5 18 7 0 0
- 2June’ 63 58 0 2 52 65 1 5. 123 0 122 0 1140 121 0
3June =~ 66 47 1 7 65 52 1 6 18 1 122 0 122 1 119 0
4 June - 83 270 2. T2 45 0 2 12 0 112 - .2 ., - 118 0 123 0
Coho salmon .~ - f . e T ‘ - S o :
28 April 9 51 8 56 6 71 0 48 64 61 64 61 68 56 © 62 63
29 April 6 50 1 68 . .8 55 1 - 55 65 58 58 67 65 59 68 56
. 30 April 1 48 2 M1 2 70 . 0 53 .58 66 57 68 51 71 47 ~ .37
-5 May 3 93 0 29 3 86 0 36 73 52 80 45 .12 53 80 45
6 May 9 86 1 29 5 80 1 39 65 60 76 49 75 50 84 41
6 19 0 40 377 1 7451 71 54 74 51 63 62




\ Appendlx Table 6. Method—of-moment initial parameter estimates for 1terat1ve maximum
- likelihood analyses in 1991. Abbrevnatlons S1-Prosser Dam forebay
survival; S2-Chandler Canal survival; S3-Prosser Dam to the Chandler facility
outfall survival; SM1-Chandler facility outfall to McNary Dam survival and
. detection at McNary Dam; D-diversion proportion into the Chandler Canal;
SA-Chandler facility to outfall survival; P-detectlon proportnon at the

' Chandler facility.

R e e — —

~ Date , S1 82 83  SM1I - D  SA P
Yearling chinook salmon S e ~
14 April 1021 0.987 0957 0467  0.626 0.860 1.000
15 April 1155 0983 0957 - 0470 0410 0942 0977
16 April - 1.095 099 1012 0.405  0.641 0998  1.000
17 April 0.967 0.964 1282 0425  0.779 0.842  0.986
22 April 0930 0945 1247 0365 0648  1.102  1.000
23 April i 0918 0925 = 0978 . 0445 0473 . 0940 1.000

24 April 0964 0986  1.090 - 0443  0.537 1.019 0989

25 April . 0866 0964 0915 0524 0585 0844  1.000

26 April 10977 0977 0991 0520 ° 0746 - 0.993 0.991
. 1May 1034 0947 109 0462 0962  1.107 1.000

2 May _ 0977 0973  1.000 0.520  0.991 0790  1.000 .
3May . - 1.030. 0957  0.989 0475 0910 0858 - 0987
4May 0964 © 0991 1026 0460 1.008 - 0904 0981 .
SMay -~ . 0985 1.001- 0959 . 0485 1026 0731 = 0944
7 May 01093 0790  0.980 0495 1.114 0856  0.582
“Coho salmon wip S Tt ot ‘,

16 May . 1.006 0976 0958 0411 0912 0.854  0.983
17May ~ 1003 - 0985 1018 0275 0885  1.034  1.000
1I8May = 0966 0992 1090 0335 1014 0873 0.983
21 May . 0955 1004 0.813 0375 .0.851 - 0943 0.986

22May ~___0.953 0.989 1382 0170 0913 - 1.011 0971 -




_ Appendlx Table 7. Method—of-moment initial parameter estimates for iterative maximum likelihood -
; analyses in 1992. Abbreviations: S1-Prosser Dam forebay survival; S2-Chandler Canal
* survival; S$3-Prosser Dam | to the Chandler facility outfall survival; S4-Chandler facility

~ outfall to the I-82 bridge survival, SM2-I-82 bridge to McNary Dam survival and
detection at McNary Dam; D-diversion proportion into the Chandler Canal; SA-
- Chandler facility to outfall survnval P-detectlon proportion at the Chandler fac111ty
Release v e ' S : ' .
Date oo o 810 582 83 sS4 SM2 D = SA P
Yearling chinook salmon . v S e T ‘ :
-3 April o 0940 - 0.953 1.029 . 0.944 0.576 0973  .0.848 10.982
4 April 1.038 0896 - 1.057  0926. 0537  0.969 0.865  1.000
5April - © 0910 0974 ~ 1.165 0.868 0.607 0.909  0.785 11.000
6 April 1018 0928 1.08 - 1066 0507 1012 = 0905  0.956
 7Apil 1.130 0813 0965 ~ 0878 0653 1024 0901  0.730
14 April o 0983 0914 03897 1279 0.492 - 0954  0.715 - 0.980
'16 April . 0931 ', 0.935 - 1.088 10.781 0.589 1.000 -1.070 1.000
18 April - 0960 0.959 1.014 = 0910 - 0.624 . 0871 0911 0.968
20 April - 1.021 - 0871 1.063 0.901 0.568 0.853 0977 1.000
21 April 1057 0927 0813 0938 0640 - 0.839 0.884 1.000
22“April 4 0875  0.904 0.957 1015 0.544 0.937 0914 0.982
12May - - 1.399 0306 0944 1029 0294 088 0727  1.000
13 May .. 1040 - 0508 - 1472 0720 0413 0901 - 1.047  1.000°
" 21May 1125 - 0.696 0.952 1.400 0.127 -~ 0.889 = 0.684 1.000
22 May 1119 0.484 0.750 1.000 0.101° - 1.000 0525 . 1.000
23 May 1.100 ~ 0492  1.000 1286  0056. 1.000  0.230 1.000
27May 1033 - 0738 ©  1.200 0714 0.056 1.000 0.551 1.000
2 Junée? - ' ' e ' o : ~ .
-3 June*
‘4 June’
Coho salmon o S in B o c . s
28 April -+ 1.000 0.952 ~ 1.000 - 1.089 0452 0899 - 0827 - 1.000
29 April ©~ 1,040 0941 0866 - 1.136 0476 = 1.003 0933 = 0982
30 April o 1on 0.984 0.971 10958 0.582 0978 0.792 1.000
5May : '1.000 10976 . 1.156 0849 0424 1.000- . 0.820 1.000
6May ~   ,0'972 - . 0976 1224 0980 0400 0994 0.836 0975
7 May . 0.964 0990 0944 1059 0408 1.020 0842 0978
~* No estimates calculated due to very ‘small sample sizes. , : P -
9




Appendlx Table 8. Samplmg error prec1s1on of the dally parameter estlmates (i.e., model-based
~ standard errors) for maximum likelihood analyses in 1991. Abbrev1at1ons
- S1-Prosser Dam forebay survival, S2-Chandler Canal survival; S3-Prosser
- Dam to the Chandler facility outfall survival; SM1-Chandler facility outfall to
~ McNary Dam survival and detection at McNary Dam; D-diversion proportion
~ into the Chandler Canal; SA-Chandler facility to outfall survival, P-detectlon
N proportlon at the Chandler facnhty

Release R » , L ,
Date 81 S2  S3  SMlI D

* Yearling chinook salmon o ’ T e '
14 April = 0.062 0009 0121 - 0041 0057
15 April 0073 0016 0104 - 0035  0.049

- 16 April - - 0055 0007 . 0122 - 0035 - 0.049
17 April 0040 0017 © 0134 - 0035  0.041
22 April 0.060. 0016  0.151° 0034 . 0.049
23 April® ' o R S v
24April -~ 0063 - 0011 0118 . 0.035  0.048
25 April 0060 - 0012 008  0.033 0046
26April 0040 0012 009 0033  0.041
1 May ~ 0023 0015 0107 0033 0017
2May 0020 0011 0091 - -0.033. 0.009 -
3 May 0031 0017 0105 0035  0.031
4May 0018 0012 0098 0032 0015
5 May © 0024 0021 0101 0035 0028
- 7May* : R

" Mean 0044 0014  0.110 0035 0037  0.091

Coho salmon 7 o , : . s
16 May - 0.035 0018  0.124 0037  0.037 0.096
17May ~ ~ 0.043 0009 0164  0.032 0.043 = 0.150
18 May ©0.018 0010 -~ 0149 0033 - - 70115
~ 21May ~~ 0.045 0011 0114 ~0.034 0,048 0.104
- 23May 0.050 ~.0.027 0279 0‘027 0.050  0.200

Mean ‘ 0.038 0. 015 - 0 166 0033- 0. 045 0.133
- * Dashes indicate no standard error as parameter estimate was assumed to be L 000.
~ ® No estimates calculated due to poor mixing at McNary Dam.
* No estimates calculated due to Chandler facnhty PIT-tag detector malfunctlon




‘ ‘Appendlx Table 9 Samphng error prec1sxon of the daily parameter estimates (i.e., model-based standard -
. errors) for maximum likelihood analyses in 1992. Abbrewatlons S1-Prosser Dam
forebay survival; S2-Chandler Canal survival; S3-Prosser Dam to the Chandler facility
~ -outfall survival; S4-Chandler facility outfall to the I-82 bridge survival; SM2-1-82
bridge to McNary Dam survival and detection at McNary Dam; D-diversion proportion
into the Chandler Canal; SA-Chandler faclllty to outfall surv1val P-detectlon
proportion at the Chandler faclhty . , :

Release : | SR , s
Date. 81 s2 83 sS4 _SM2 D SA P

: _Yearlmg chinook salmon I R L s

3 April © 0038 0022 - 0117 0106 0044 ~ 0029 009  0.017
4Apil 0037 0023 0110 009 - 0.038 0018 0087 -°
5 April 0.032 0013  0.119 - 0088 = 0040  0.033 0.090 =

© 6 April 0.037  0.027  0.111 - 0.118  0.041 0.026 ~ 0.088  0.025 .
7 April® o R = . | | -
14 April - 0.045 0.028  0.095 0145  0.045 0034 0077 = 0018
16April -~ 0039 0022 0143 0097 0044 - 0131 -
18 April - 0.044 0.023 0112  0.095 ~ 0.043 = 0.047 009  0.022
20 April - 0.053 0030 0132 0106 .0.044 0041  0.108 -
21 April 0.048 0024 =~ 0095 =~ 0093 0043 0044 0075 -
22April . 0051 0029 0114  0I17 0045 0036 0088 0018
12May® PRI | ,
13 May 0122 0045 0258 0124  0.045  0.037 0.188 -
21May . -~ 0.103 0041 0281 - 0413  0.031 0.060 - 0.184 —
22May 0139, 0045 0319 0372 0028 - 0240 -
23May 0.135 -0.045 0454 0632 0021 - . 0336 = --
27May 0076 0040 0705 0412 0021 - 0.358 --
AprilMean - 0042 0024 0115 0106 0043 0034 0093 - 0020

- May Mean 0.115 - 0.043 0.403 0391  0.029 0.049 0261 -
Coho salmon . - ‘ e SRS ‘ : _ o
28 April - 0.041 0019 - 0.130  0.146  0.045 0.042 0.105 = - -
29 April - 0.035 0025 0111 0142  0.045 0025 = 0.093 0.017
30 April - 0.017 0.011 0.115 ~ 0.105 ~ 0.045  0.021 0.090 -
5May - 0.020 0014 0184 0134 0044 - 0119 -
6 May © 0032 0026 0178 0153 0044 0024 0106  0.026
7May = 0024 :'0.014 -~ 0140 0157  0.044 - 0112
Mean . 0.028 0018 0143 0140 0045 0028  0.104 0022

* Dashes lndlcate no standard error as parameter estimate was assumed to be 1.000.
" No estimates calculated due to Chandler facility PIT-tag detector malfunction. -
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v Appendxx Table 10 Yakima vaer water temperature and ﬂow on test dates when survrval
parameters were estxmated n 1991 and 1992

.,Yakima Prosser - - Prosser - ,‘ Chandler

~ River ‘ DamForebay =~ - = DamTailrace = = Canal
- water , ' ~ water " i water o water
- Release .7 temperature & flow o flow ; T flow
Tdate . . (°C) (ems) . (cms) ; L (cms)
- 14 April 1991 10.0 1159 - 759, 400
15 April1991 100 . - 1297 - 899 . 39.8
16 April 1991 ~ ~ -10.0 . 1287 889 . C 398
17 April 1991 =~ = 94 128.1 \ - 880 : - 400
22 April 1991 - 128 - 1246 , 85.1 ‘ : 39.5
-23 April 1991 12.8 '136.4 ' 967 ‘ 39.7
24 April 1991 122 - 1451 _ 1057 - -394
"25April1991 . 111 - 1330 . - 939 . 391
26 April 1991 106 1159 762 * - 396
1 May 1991 . 12.8 .15 . S 352 - 405
. 2May 1991 , 133 71.9 -~ 318 © 402
3May 1991 133 -~ 707 \ - 305 o 402
4 May 1991 144 704 303 40.1
5May.1991 14.4 S 713 : o 310 40.2
16 May 1991 144 - 90.1 R 49.5 40.6
17 May 1991 = 139 o 855 450 40.5
18 May 1991 13.9 N : 879 473 40.6
21-May 1991 150 - 1044 ‘ S 632 T T 41.2
23May 1991 16.1 1059 - 645 - 414
"3 April 1992 144 - , 49.1 ’ 124 36.8
4 April 1992 - 13.3 Sooa . 827 15.5 ‘ 372
5 April 1992 122 - 586 207 37.9
6 April 1992 . 11.1 ST 576 - © 202 . L 374
14 April 1992 128 -~ 583 281 - 30.2 )
16 April 1992 150 - . 544 192 L 35.2°
18 April 1992 13.3 o . 809 ; , 429 38.0
20 April 1992 128 - ‘ 97.3 - 596 - C 377
21 April1992 - 122 . 848 47.1 , 37.7
22 April 1992 11.7 . 703 e 330 373
28 April 1992 16.7 ‘ 489 » : 138 ‘ _ 35.2
29April1992 . . 172 524 o169 o 35.5
30 April 1992 161 638 S 2m _ 36.7
5 May 1992 ' 178 561 . S 198 36.3
6 May 1992 : 18.3 i -1 6 O 159 - 352
7May 1992 200 . 49.2 149 : 344
13 May 1992 161 . S 425 203 222
21May1992 178 o 448 L1830 26.5
22 May 1992 <172 ' 43 R 16.8 : 24.5
23May1992 . - 189 » e 39.4 , '17.0 o T 225
27May1992 = 206 ‘ 49 - 193 25.6
2June1992 . 222 S 313 76 23.6
3 June 1992 211 31T g 79 . . 238

4 June 1992 222 2342 101 - o 24.1
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