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EXECUTIVE SUMMARY 

In 1991 and 1992, the National Marine Fi ompleted the sekond and third 

years of a 3-year study to estimate juvenil 

characteristics related to passage through the Prosser Dam complex, including the Chandler Canal 

monid (Oncorhychs spp.) timing and survival 

and the Chandler fish collection facility, on the Yakima River. Yearling chinook (0. 

and coho salmon (0. Kisutch) were collected at the C ler facility, PIT tagged, and released at 

various locations in the Yakima River, Chandler Canal, and the Chandler facility Individual fish 

were subsequently detecpd at PIT-tag detection monitors at the Chandler facility andor McNary 

Dam on the Columbia River. Survival through various reaches, PIT-tag detection efficiency, and 

Chandler Canal fish entrainment proportion parameters were estimated using maximum likelihood 

techniques. 

The research objectives in 1991 and 1992 were to: 1) assess the effects of passage 

through the Chandler Canal and the Chandler facility on the survival of juvenile salmonids, 2) 

determine the entrainment rate ofjuvenile salmonids into the Chandler Canal as a fbnction of river 

flow, and 3) determine the efficiency and reliability of the PIT-tag monitoring system at the 

Chandler facility. The initial 1990 research plan was expanded in 1991 and 1992 to include 

several more release locations and many more release days. 

A total of 26,267 yearli chinook and 8,359 coho salmon in groups of approximately 200 

fish in 1991 and 125 fish in 1992 were PIT tagged and released at each release location. Releases 

were made o 

holding process for both years was approximately 1%. Data from three of the rele 

35 days in 1991 and 1 1 days in 1992. Mortality related to the tagging and 
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Most of the PIT-tagged fish released above the Chandler facility were detected within a 

few hours. Median travel time to McNary Dam decreased over time, fiom as long as 17 days to 

as short as 6 days for yearling chinook salmon and fiom 5 days to .3 days for coho salmon. 

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

are needed to improve precision accuT8cy ofthe estimated fiswflow entrainment relationship 

and determine more accurately mortalities related to passage through the Chandler Canal and 

facility. Also, high efficiency of the Chandler facility PIT-tag detection system should be 

maintained and detector malbctions or down-time should be l l ly  documented. 
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.. 
INTRODUCTION 

Juvenile salmonid survival studies planned for the Yakima Basin will require the release 

and recapture of large numbers of marked fish. Before these studies can be implemented, 

information is needed about potential recovery and survival rates of marked fish at proposed 

sampling sites. The type of mark employed and the 

capture and examine fish must be evaluated, since accurate and precise survival estimates depend 
. 

on their reliability. Recovery and survival rates are expected to vary with species and life stage as 

well as environmental factors such as river flow and water temperature. 

The Chandler Canal originates downstream from Prosser Dam at river kilometer 76 on the 

Yakima River (Figs. 1 and 2). This canal delivers water for power production (approximately 

28.3 m3/second (1000 cfs)) and irrigation (approximately 11.3 m3/second (400 cfs)). A trash 

removal and fish diversion screen facility is located 1.6 km downstream from the canal 

headworks. A bypass pipe diverts fish through the Chandler Canal juvenile fish collection facility- 

(Chandier facility) ahd back into the Yakima River (Fig. 2). 

In 1990, the National Marine Fisheries Service (NMFS-) began a 3-year study to assess the 

mark-recovery capabilities of the Chandler facility and to estimate juvenile salmonid timing and 

survival characteristics related to passage through the Chandler Canal and facility. Results of the 

1990 study were reported by Ruehle and McCutcheon (1994). The primary objectives of the 

1991 and 1992 studies were: 

1) To assess the effects of the Chandler Canal and the Chandler facility passage on 

the survival of juvenile salmonids; 
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Figure 1.  Map of the Yakima River and the adjacent Columbia River showing locations of major 
water diversion and hydroelectric dams. 
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2) To determine the entrainment rate of juvenile salmonids into the Chandler Canal as 

a knction of river flow; and 

To determine the efficiency and reliability of the PIT-tag monitoring system at the 

Chandler facility; 

3) 

METHODS 

Experimental Design 

Yearling chinook salmon (0ncoPhynch.s tshawytscha) and coho salmon (0. kisutch) were 

acquired fiom the sampling system in the Chandler faci . The fish were PIT tagged using 



R4 = At the Chandler facility outfall. 

R5 = AttheI-82bridge. 

R6 - - Immediately after the 

PIT-tagged fish were subsequently detected at the main and sample PIT-tag detectors at the 

Chandler facility (R1 and R2) andor the main 

Tagged fish included in the sample at the C 

examined, and released into the outfall pipe. 

facility were held until the following morning, 

? 

Data Analysis 

Database Procedures 

ompleted tag and release files were electronically transferred (uploaded) to the PIT-tag 

Information System (PTAGIS) database maintained by the Pacific States Marine Fisheries 

Commission (PSMFC). Uploaded files contained tagging session and release details (dates, 

locations, etc.) and information for each tagged fish (PIT-tag code, species, length, miscellaneous 

comments, etc.). PIT-tag detections were collected automatically by the PIT-tag detectors at the 

Chandler facility and McNq,  Dam, and information such as PIT-tag code and observation date 

and - site for each detected fish was upload to an observation fik 

The initial data analysis step was to retrieve data fiom the PTAGIS tagging and 

observation files. For each year, tagging and observation . reports were generated in the comma- 

separated variable (CSV) format and contained the combined information fiom all releases. The 

tagging report contained one record of tagging and release information per PIT-tagged fish, while 

the observation report contained mulfiple records per PIT-tagged fish: one for every detection 

time and location. 
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s3 = 

SA = 

s4 = 

SMl = 

S M 2  = 

D =  

P =  

Survival Probability €rom the Prosser Dam tailrace to the Chandler facility 

outfall. 

Survival probability fiom just below the sample diversion gate in the Chandler 

facility to the outfall. 

Survival probability from the Chandler facility outfall to the 1-82 bridge 

(esthated only in 1992). 

Combined probability of survival from the Chandler facility outfall to, and 

recapture at, McNary Dam (estimated in 1991). 

Combined probability of suMval fiom the 1-82 bridge to, and recapture at, 

McNary Dam (estimated in 1992). 

Diversion probability into Chandler Canal. 

Detection probability in the Chandler facility (i.e., detection by the main or 

saniple PIT-tag detectors). 

The data were summarized in detection histories' as defined in Table 1. The detection histories 

were assumed multinomially distributed for each release group. The likelihood fbnction was the 

probability of the observed data viewed as - a hnction of the parameters (Bumhm et al. 1987). 

Therefore, a multinomial likelihood fimction was used for each release group and the likelihood 

model for the study was written as a 

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

'Detection histories were denoted as capture histories in the histo mark-recapture 
ssage through a literature. However, PIT-tagged fish were not "captured" as much as 

location was "detected". 
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Al) All PIT-tagged fish in a release group had homogeneous and independent survival 

probabilities through downstream reaches and detection probabilities at the Chandler facility 

and/or McNary Dam. 

A2) All PIT-tagged fish in all ups released on the same day had homogeneous and 

endent suMval probabilities below the Chandler facilih outfall in 1991 and below the 1-82 

b bridge in 1992. These groups also had homogeneous and independent detection-probabilities at 

McNary Dam. 

Assumptions of independence could not be tested with the experimental design and data in 

this study. Also, in general, homogene& of survival and detection probabilities Within a release 

group could not be tested but to assume homogeneity seemed reasonable since the fish were 

released at exactly the same time and location. 

Fish released in the Prosser Dam forebay and subsequently diverted into the Chandler 

Zerential survival downstream fiom the Chandler facility outfall and 

rted, if the two groups did not remix 

Canal could experienc 

differential detection'at McNary Dam than those not 

below the outfall. This would violate Assumption Al. The validity of Assumption Al, based on 

downstream remixing of diverted and undiverted R1 fish, was tested using the Pearson chi-square 

test of homogeneity for McNary D 

was based on the following Kx2 contingency table: 

sage distributions (Sokal and Rohlf 198 1). This test 
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Day of McNary Dam 

i 

Diverted into Chandler Canal 

and detected at the Chandler facility ' 

1 

passage 2 

K 

Table entries were the totals of PIT-tagged fish from each subgroup passing McNary Dam on 

each of K days (K varied considerably between release days over time and years). P-values were 

determined using a Monte Carlo estimate of a nonparametric e&ct approach (Mehta and Pate1 

1992). 

Fish that passed through the Chandler facility and were included in the daily facility sample 

could experience differential survival downstream and differential detection at McNary Dam than 

those not sampled. This would occur iftheir survival or behavior was affected by the sampling 

process or if they did not remix below the outfkll. This would also violate Assumption A1 . The 

validity of &sumption Al, based on miXing of 

using the Pearson chi-square test of homogeneity for McN& Dam passage distributions. The 

- 

1 

test was based on this Kx2 contingency table: 
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Included in the Chandler 

facility sample 

Yes No 

1 

2 Day of McNary Dam passage 

K 

The effect of the sampling process on downstream survival and detection was only tested 

if the chi-square test was not significant, since a lack of mixing would imply potential differences 

due to other factors. The test was to compare the proportion of sampled and unsampled fish (all 

detected by the Chandler facility main PIT-tag detector) detected at McNary Dam. The 

validity-of Assumption.Al, based on the effect of the Chandler facility sampling process, was 

, 

tested using a west on the ratio of sampled to unsampled McNary Dam detection proportions. 

1 

2 Day of McNary Dam passage 

K 

The validity of Assumption A2, based on downstream mixing of all groups released on the 

r 

.. . 

... 

... 

... 

same day, was tested using the Pearson chi-square test of homogeneity for McNary Dam passage 

distributions. This test was based on the following KxI contingency tabfe where I = 4 or 1991 

and 5 or 6 for 1992: 
\ 



Comparison-wise Error Rate-Each set of chi-square contingency table tests was 

considered a separate and independent experiment, with each test within the set considered a 

separate and independent comparison. Signiticance levels for individual tests were selected to 

control the comparison-wise Type I error rate, a, rather than the experiment-wise Type I error 

rate. However, when enough multiple tests were done within an experiment with the same null 

hypothesis, one or more tests were expected to be significant for the comparison-wise a by 

chance done. Therefore, ifthe number of significant tests per experiment was similar to the 

number expected by chance, the tested assumption was deemed valid for those comparisons and 

for the experiment. The comparison-wise si@cance level was set at a = 0.05 for this study. 

Expanded Detection Proportion Estimation 

As previously stated, the maximum likelihood approach to parameter estimation was 

considered optimum in this study, given the various release locations and PIT-tag detections at 

both the Chandler facility and McNary Dam. However, limited parameter estimation was possible 

when survival to or d ion at McNary Dam was extremely low. When the PIT-tag detection 

efficiency of the Chandler facility (P), or of just the main PIT-tag detector, was known or could 

be estimated, S2 could also be estimated. The expanded detection proportion (EDP) S2 estimate 

was the proportion of R2 fish detected by the main and sample detectors (or just the main 

detector) divided by P (or the main detector efficiency). The EDP and MLE estimates of S2 were 

compared by examining the ratio, MLEEDP. 

Relative Recapture Estimation 

When the PIT-tag detection efficiency of the Chandler facility (P) or of just the main PIT- 

ssumed to be equal between release groups, tag detector was unknown or unestimated,'but 
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D could be estimated by the relative recapture (RR) method. The RR estimate of D was the 

proportion of detected Rl fish divided by the proportion of detected R2 fish. However, this 

estimate was only valid under the assumption that Prosser Dam forebay survival was 100%. The 

RR and estimates of D were compared by examining the ratio, MLE/RR. 

Chandler Facility Main ag Detector Efficiency 

The miixirnum likelihood procedure described above was used to estimate overall PIT-tag 

detection efficiency of the Chandler Eacility. However, the efficiency of the main PIT-tag detector 

was estimated independent of the lielihood analyses. This estimate was the proportion of PIT 

tags detected on the sample PIT-tag detector that had been previously detected on the main tags detected on the sample PIT-tag detector that had been previously detected on the main 

detector. This estimate was a lower bound on the Chandler facility PIT-tag detection efficiency 

and was probably fairly close to the actual facility efficiency since the sample detector only had 

the potential of detecting the sampled fiaction of all PIT-tagged fish. 

Survival Relationship with Water Temperature and Flow 

/ 

The relationship between fish survival and prevailing biological and environmental 

conditions was 

and average daily water temperature and flow. Water flow and temperature were taken from the 

Bureau of Reclamation HYDROMET system at locations PRO (Prosser Dam Reservoir), YRPW 

by comparing estimated suMval in various reaches to the release date 

(Yakima River below Prosser Dam), and CHCW (Chandler Power Canal) and were averaged 
< 

over the day of release. Visual inspection of the appropriate scatterplots and/or regression 

analyses were used for the comparisons. 

17 



Chandler Canal Flow Diversion versus Fish Entrainment 

The functional relationship between the proportion of river flow diverted into the Chandler 

. Canal on the day of release and the MLE of the proportion of fish entrained into the canal @) 

was examined by visual inspection of the scatterplot and by regression analyses. The exact 

regression equations were chosen using three criteria: 

1) The equations explained a significant amount of the variability in fish entrainment 

estimates (i.e., strong correlations which were significantly larger than zero). 

2) The equations fit well statistically @e., they met assumptions that the regression 

residualswere randomly scattered around zero and reasonably normally distributed). 

3) The equations were fairly mathematically straightforward and biologically logical and 

understandable. 

Additionally, 95% prediction intervals were calculated for the regression equations to 

quant% the uncertainq in individual entrainment predictions (Weisberg 1985). 

Travel Time 

Minimum and median travel time in hours from release to detection at the Chandler facility 

main PIT-tag detector was calculated for each R1 and R2 release group. Travel time differences 

were compared between RTand R2 on each release day. The travel time statistics were examined 

to characterize the short-term migrational chqcteristics of the PIT-tagged fish released over time 

and between fish released in the Prosser Dam forebay and Chandler Canal at the same time. 

Median travel time in days from release to detection at McNary Dam was calculated for all 

release groups. Maximum differences between median travel times were calculated for groups 

released on the same day and McNary Dam passage distributions were plotted for the release 

18 

I 



groups on each release day. The passage distributions and median travel times were examined to 

characterize differences in migrational distributions of PIT-tagged fish between release groups and 

over time. 

RESULTS AND DISCUSSION 

Test Conditions 

Fish for treatment groups were PIT tagged and released 13 April to 23 May 1991 and 3 

April to 4 June 1992 (Tables 2 and 3). A total of 26,267 yearling chinook and 8,359 coho salmon 

were tagged on 35 and 11 dates, respectivelf. Tagged group sizes varied between days but were 

generally around 200 in 1991 and 125 in 1992. Release groups Rl-R4 were included on all 

release days in both years, while R5 was on all 1992 release days and R6 was only on 6 days each 

in 1992 for yearling chinook and coho salmon. 

Quality Control 

Records of 24-hour delayd, mortality were not generally kept in 1991. Only three 

mortalities were noted on the PTAGIS database: one was in release group R1 on 2 May, and the 

were in release group R3 on 17 and 23 April. Overall delayed mortality in 1992 was 

1.1% (204/18,328) with nearly half of the mortalities occurring in the last three June 

releases (Table 4). These three release days were not included in maximum likelihood suMval 

and entrainment estimates. Mortality of the remaining test groups was only 0.7% (1 1 1/16,078). 

2PI,T-tag tagging files were named TERxxyyy.ijk, where, xx was the study year; yyy was the Julian tagging 
date; i was therelease location (e.g., fmR1, i = 1; note that in 1991 i = 3 for R2 and i = 2 form); j was aletter indexing 
the release days (e.g., for release 1, j = A); and k was A or C for yearling chinook and coho salmon, respectively. 

19 



Table 2. Numbers of yearling chinook and coho salmon PIT tagged at the Chandler facility and 
released at various locations in 1991. Abbreviations: R1-approbtely one km 
tipstream from Prosser D G  R2-the headworks of the Chandler Canal; R3-immediately 
below Prosser Dam; R4-the Chandler f'acility outfall. ~ 

~ Release Release Location 
Date ' R1 R2 R3 R4 
Yearling chinook salmon , 

14 April 150 150 149 150 
15 April 200 200 200 200 
16 April 200 200 200 200 
17 April 200 200 200 200 
22 April 200 200 200 200 
23 April 200 200 199 200 
24 April 200 200 200 201 
25 April 225 225 225 225 
26 April 225 225 225 225 

, 1May 225 224 225 225 
2 May 225 225 225 225 

200 200 200 200 
250 250 250 250. 
200 200 200 200 

3 May 
4 MY 

7 May 200 200 200 200 
5 May 

Total 3 100 3099 3098 3101 

Coho salmon 
16 May 175 176 175 175 
17 May 200 ' 200 200 200 
18 May- 200 200 200 200 

200 200 200 
199 200 

21 May 200 
23 May 200 200 

Total 975 976 974 , 975 
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Table 3. Numbers of yearling chinook and coho salmon PIT tagged at the Chandler facility and 
released at various locations in 1992. Abbreviations: R1-approximately one km 
upstream from Prbsser Dam; =-the headworks of the Chandler Canal; R3-immediately 
below Prosser Dam; R4-the €handler facility outfall; R5-the 1-82 bridge; R6- 
immediatdy below the main PIT-tag detector in the Chandler facility. 

,, Release Release Location 
Date R1 R2 R3 R4 R5 R6 
Yearling chinook salmon 
3 Aprii 125 125 125 125 125 
4 April 175 175 175 175 175 
5 April 150 154 149 150 150 
6 April 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 Apfil 125 125 125 125 125 
20 April 125 125 125 125 125 125 
21 April 125 125 125 125 125 125 
22 April 125 125 125 125 125 125 
12 May 125 125 1 24 124 125 
13 May 123 125 1 24 125 124 
21 May 125 125 125 125 125, 
22 May 125 125 125 125 125 
23 May 125 124 125 124 124 
27 May 125 125 125 125 125 

125 125 125 125 125 125 2 June 
3 June 125 12s 125 125 125 125 
4 June 125 125 125 125 125 125 

2623 2628 2622 2623 2623 750 Total 

Coho salmon 
28 April 125 125 125 125 125 125 

- 29 Aprili 125 125 125 125 125 125 
36April 125 125 125 125 125 84 

125 125 125 125 125 125 
125 

5 May 
6 May 125 125 125 125 125 
7 May 125 125 125 125 125 125 

750 750 750 750 750 709 Total 

3973 3378 3372 3373 3373 1459 Grand Total 

I 
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We assumed that the unreported 24-hour delayed mortality in 1991 was similar to that observed 

in 1992, and that it was random with 

1991 parameter estimates was consid 

probabilities and precision estimates. 

ect to reledse group. The resultant unknown bias of 

trivial and would have only affected recapture 

There were very few PIT-tag observation anomalies for both years. Only 12 fish in release 

groups R3-R6 were erroneously detected at the Chandler facility, and no fish were detected at 

McNary Dam beforehaving been detected at the Chandler facility. Two fish classiiied as 

mortalities were detected at the Chandler 

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

lity, and three fish were observed before release; 

Careful examination of the data and the statistics generated in suMval and travel-time 

analyses indicated that the main PIT-tag detector at the Chandler facility malfunctioned or was 

inoperative during important passage periods on 7 May 1991,7 April 1992, and 12 May 1992. 

This led to a potentially serious bias in statistical estimates (see Appendix 2). Therefore, data and 

statistics fiom these days are not pre 

to McNary Dam. Similar detector o 

as well but could not be adequately documented. 

rther in this report, except for travel-he analyses 

fhcility problems may have existed on other dates 

Very few PIT-tagged fish fiom the three June 1992 releases were detected at McNary 

Dam (Appendix Table 3j). Parameter estimates for these releases fiom the maximum likelihood 

procedure were unattainable. Sufficient fish were detected at the Chandler facility for PIT-tag 

detector efficiency estimation 

estimates based on expanded R2 det 

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

sample detections as well as Chandler Canal survival 

ns at the facility. Relative recapture estimates of the 
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Table 5 .  Tests 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. 

. 

Release Degrees of 
Date (1 99 1) 2 Freedom P-value 

1 14April 15.11 . 16 0.5925 
15 April 16.78 21 0.83 17 
16 April 20.36 20 0.4555 I 

17 April 20.82 19 0.3505 
22 April 13.89 16 0.6532 
23 April 16.43 - 17 0.5325 

0.7783 
0.2325 



were estimated to be entrained into the Chandler Canal. Thus, discussion of the validity of this 

assumption based on these R1 mixing tests is moot. 

For yearling chinook salmon in 1991 and 1992, ohly 1 of 28 chi-square tests ofmixing 

downstream fiom the Chandler facility outfdl for R1 and R2 fish, sampld and unsampled at the 

facility, was significant at the a = 0.05 comparison-wise error rate (Tables 6 and 7 and Appendix 

Tables 2a-2c and 2e). (Note that tests were not done for releases-after 21 May 1992 due to very 

small sample sizes.) Since about 1 (28 x 0.05 = 1.4) of the 28 tests would be expected to be 

significant by chance, the 3 April 1992 result was not considered indicative of a failure of 

Assumption Al. 

All of the 1991 and two of the six 1992 coho salmon chi-square tests were highly 

significant (Tables 6 and 7 and Appendix Tables 2b and 2d). The significant results appeared to 

be due to a 1-day shift in the McNary Dam passage distributions, which were quite compact. 

Survival and detection prababilities probably did not vary significantly over such short time 

periods. Therefore, Assumption A1 was most likely not substantially violated. 

The relative proportion of Chandler facility sampled to unsampled R1 and R2 fish detected 

at McNary Dam was significantly lower than 1 .OO for yearling chinook salmon in 1991 at 0.92 

(SE = 0.02) (t = 3.38, df = 12, P = 0.0055; Table 8). This implied an 8% higher mortality for 

sampled fish in 1991. This proportion in early April 1992 was not significantly different from 1 .OO 

at 1.08 (SE = 0.09) (t = 0.84, df = 3, P = 0.4608), but was significantly lower after mid-April at 

0.77 (SE = 0.04) (t = 5.83, df = 5, P = 0.0021): (Note that tests were not done for re leks  in 

May 1992 due to very small sample sies.) This implied a 24% higher mortality for sampled fish 
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Table 7. Tests of homogeneity of M c N q  Dam passage distributions for yearling chinook and 
. coho salmon released one km above ProsserDam 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 approximation of the exact method. / 

Release Degrees of 
Freedom P-value Date 

Yearling chinook salmon 
3 April 35.3 1 24 0.0273 
4 April 9.02 22 0.9978 
5 April 22.62 22 0.4297 
6 April 22.47 20 0.3084 
7 April 13.87 17 0.7534 
14 April 16.38 23 0.9128 
16 April 22.63 21 0.3624 
18 April 18.12 19 0.5549 
20 April 23.16 19 0.2340 
21 April 9.54 16 0.9323 
22 April 14.99 17 0,6370 
12 May 9.4 1 12 / 0.9046 
13 May 12.16 15 0.8469 
21 May 14.40 11 0.3 186 

2 

a 22 May -- 
23 May -- 
27 May -- 
2 June -- 
3 June -- 
4 June - 
Coho salmon 
28 April 
29 April 
30 April 
5 May 
6 May 26.91 14 0.0043 
7 May 31.13 17 0.0142 
Dashes indicate test not done due to very small sample sizes. 

11 
13 
12 
10 

0.1967 
0.2480 
0.6183 
0.1221 

14.33 
15.75 
9.84 

14.33 
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Table 8. The relative proportion detected at McNary Dam (MCN) of fish sampled at the 
Chandler facility (CHF) to unsampled which were released one km 'above Prosser Dam 
or at the headworks of the Chandler Canal in 1991 and 1992. 

Proportion Not Roportion Ratio 
Release Sampled Detected Detected Sampled Detected Detected of 
Date atCHF atMCN atMCN at CHF at MCN at MCN Ropoltrons 
Yearlmgchinooksahnon 
14 April 1991 58 20 0.345 183 70 0.383 0.901 
I5 April 1991 50 16 0.320 233 102 0.438 0.73 1 
16 April 1991 78 29 0.372 258 97 0.376 0.989 
17 April 1991 130 42 0.323 199 76 0.382 0.846 
22 April 1991 103 41 .398 199 91 0.457 0.870 
23 April 1991' 
24 April 1991 111 48 .432 184 91 0.495 0.874 
2s April 1991 207 100 0.483 118 58 0.492 0.983 
26 April 1991 251 129 0.514 123 ' 62 0.504 1.020 
1 May 1991 215 104 0.484 207 102 0.493 0.982 
2 May 1991 178 68 0.382 250 108 0.432 0.884 
3 May 1991 142 52 0.366 222 92 0.414 0.884 
4 May 1991 142 55 0.387 337 137 0.407 0.953 

7 May 1991b 
Total or Mean 1710 722 0.400 2847 1214 0.435 0.920 
SE' 0.017 0.013 0.024 

5 May 1991 45 18 0.400 334 128 0.383 . 1.044 

3 April 1992 63 35 0.556 161 74 0.460 1.209 
4 April 1992 84 32 0.381 224 104 0.464 - 0.821 
5 April 1992 76 41 0.539 197 88 0.447 1.208 
6 April 1992 72 37 0.514 196 94 0.480 1.072 
7 April 1991 
Total or Mean 295 145 0.497 778 360 0.463 1.077 
SE 0.040 0.007 0.09 1 

14 April 1992 69 31 0.449 147 75 0.510 0.881 
16 April 1992 66 28 0.424 156 91 0.583 0.727 
18 April 1992 56 27 0.482 157 85 0.541 0.891 
20 April 1992 49 17 0.347 152 82 0.539 0.643 
21 April 1992 77 31 0.403 138 77 0.558 0.722 
22 April 1992 65 25 0.385 137 72 0.526 0.732 
12 May 1992b 
13 May 1992 46 10 0.217 76 22 0.289 - 
21 May 1992 59 3 0.051 114 15 0.132 - 
22 May 1992 31 1 0.032 94 5 0.053 - 
23 May 1992 41 2 0.049 82 3 0.037 
27 May 1992 34 0 0.000 149 4 0.027 - 
2 June 1992 19 0 0.000 1 1 1  7 0.063 . - 
3 June 1992 17 1 0.059 95 12 0.126 - 
4 June 1992 8 0 O.OO0 68 4 0.059 - 
Total or Mean 255 17 0.05 1 789 72 0.098 0.766 
SE 0.025 0.03 1 0.040 

cohosalmon 
16 May 1991 110 38 0.345 207 67 0.324 1.067 
17 May 1991 117 38 0.325 255 72 0.282 1.150 
18 May 1991 136 32 0.235 250 86 0.344 0.684 
21 May I991 74 21 0.284 282 97 0.344 0.825 
23 May 1991 63 16 0.254 295 47 0.159 1.594 
28 April 1992 61 27 0.443 164 77 0.470 0.943 
29 April1992 64 34 0.531 161 89 0.553 0.%1 
30 April 1992 48 23 0.479 194 101 0.521 0.920 

d 

5 May 1992 71 24 0.338 172 41 0.238 1.418 
6 May 1992 62 18 0.290 171 50 0.292 0.993 
7May1992 60 17 0.283 179 67 0.374 0.757 
TotalorMean 866 288 0.346 2330 794 0.355 1.028 
SE 0.029 0.036 0.082 
'No estimate calculated dueto poor mixingat McNary Dam 
'No gtimate calculated due to Chandler facilii PIT-tag detector malfundion. 
' SE = StandardEmuoftheTotal of Mean ' Dashes indicate ratio not calculated due to d l  sample sizes. 
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Table 10. Tests of homogeneity of McNary Dam passage distributions for yearling chinook and 
coho salmon released one km above Prosser Dam, at the headworks of the Chandler 
Canal, immediately below Prosser Dam, at the Chandler facility outfall, at the 1-82 
bridge, or immediately below the main PITbtag detector in the Chandler facility in 
1992. P-values calculated using Monte Carlo approximation of the exact method. 

Release Degrees of 
Date 
Yearling chinook salmon 

Freedom . P-value 

103.1 112 0.7537 

2 

3 April 
4 April 
5 April 
6 April 

14 April 
16 April 
18 April, 
20 April 
21 April 
22 April 
12 May 
13 May 
21 May 

23 May 
27 May 
2 June 
3 June 
4 June 

Coho salmon 
28 April 
29 April 
30 April 

7 April 

22 May 

5 May 
6 M Y  

130.5 
130.7 
89.9 

106.5 
106.4 
100.8 
111.6 
121.9 
112.1 
99.7 

118.6 
125.1 
75.6 
63.8 
44.7 
53.8 

a 
Y 

-- 
-- 

75.0 
98.0 
96.3 
75.2 

112 
104 
92 

108 
116 
96 

100 
110 
1 25 
100 
108 
128 
84 
56 
44 
52 

85 
95 
85 
85 

0.0809 
0.0247- 
0.5553 
0.5337 
0.7756 
0.3327 
0.1673 
0.1798 
0.8371 
0.4890 
0.2 179 
0.5821 
0.8362 
0.2481 
0.45 10 
0.5092 

0.8478 

0.1379 
0.8407 

- 0.3725 

126.1 115 0.1432 
7 May 101.2 95 - 0.2712 
a Dashes indicate test not done due to very small s 
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All ofthe 1991 coho salmon chi-square mixing tests were highly significant, while all of 

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

fiom all groups released on the same day in 1991 were detected over a 3- to 4-day time period, 

whereas the distributions in 1992 were much more protracted. The significant chi-square values - 

;reflected fluctuations in McNary Dam passage over short time periods, with R1 or R2 releases 

generally passing less than 1 day later than R3 and R4. Survival and detection probabilities ’ 

probably did not vary significantly over such short time periods. Therefore, Assumption A2 was 

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

Survival 

Estimates 

Maximum likelihood estimates of survival (Sl-S4, SA, SMl,, and S M 2 )  for the various 

reaches were obtained using the observed detection history totals (Appendix Tables 4 and 5). 

Initial MOM estimates for the iterative likelihood sohtions are shown in Appendix Tables 6 and 

7. Estimated sampling error precision of the daily estimates (Le., standard errors) are listed in 

Appendix Tables 8 and 9. 

Estimated mean survival in the l-km reach above Prosser Dam was approximately ‘100% 

across years and species (Tables 1 1  and 12). Mean estimates ranged between 97.3 and 106.2% 

with standard errors between 0.8 and 2.1%. While true survival must be less than or equal to 

loo%, estimated survivals from the likelihood analyses used for this study were assumed to be 

randomly distributed about the true survival and were not similarly constrained. Therefore, if true 

survivals were at or-near 100%, it was reasonable to have several estimates greater than 100% for 
i 
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Table 1 1. Parameter estimates for maximum likelihood analyses in 1991. Abbreviations: S1- 
Prosser Dam forebay survival; SZChandler Canal survival; S3-Prosser Dam to the 
Chandler facility outfall suMval; SMl-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-detection praportion at the Chandler 
facility; SE-standard error. 

, 

Release 
Date s1  s2 s3 SM1 D SA P 
Yearling chinook salmon 
14 April 
15 April 
16 April 
17 April 
22 April 
23 Aprilb 
24 April 
25 April 
26 April 
1 May 
2MY 
3 May 
4 MY 
5 May 
7 May" 

Meall 
SE 

Coho salmon 
16 May 
17 May 
18 May 
21 May 
23 May 

Mean 

0.949 0.987 0.957 0.467 0.670 0.800 1 .a 

1.030 0.984 0.957 0.470 0.460 0.887 0.976 
1.03 1 0.990 1.012 0.405 0.681 0.93 1 , 1. 
0.962 0.969 1.282 0.425 0.779 ,0341 0.985 
1.010 0.945 1.247 0.365 0.597 1.203 1. 

1.018 0.986 1.095 0.443 0.509 1.061 0.989 
0.979 0.964 0.915 0.524 0.518 0.933 1. 
0.973 0.977 0.991 0.520 0.748 0.985 ~ 0.991 
1.030 0.947 1.096 0.462 0.966 1.054 1. 
0.972 0.973 1 .ooo 0.520 0.991 0.787 1. 
1.022 0.958 0.989 0.475 0.916 0.828 0.987 
0.963 0.992 1.026 0.460 1.008 0.871 0.980 
0.989 0.997 0.959 0.485 1.022 0.798 0.948 

0.994 0.974 1.041 0.463 0.759 0.921 0.97gd 
0.008 0.005 0.03 1 0.013 0.057 0,035 0.006 

0.973 0.987 1.05 1 0.313 0.896d 0.938 0.97gd 
SE 0.014 0.005 0.094 0.042 0.013 0.052 0.004 . 
a Parameter estimate was assumed to be 1.000. 

No estimates calculated due to poor mixing at McNary Dam. 
No estimates calculated due to Chandler facility PIT-tag detector malfbnction. 
Mean does not include assumed P=l .OOO estimates. 

- 

0.991 0.978 0.953 0.411 0.925 0.793 0.982 
1.013 0.985 1.018 0.275 0.877 1.075 1. 
0.975 0.980 1.090 0.335 1. 0.913 1. 
0.93 1 1 .OO5 0.813 0.375 0.873 0.877 0.985 
0.958 0.988 1.382 0.170 0.908 1.032 0.971 

0.973 0.987 1.05 1 0.313 0.896d 0.938 0.97gd 
SE 0.014 0.005 0.094 0.042 0.013 0.052 0.004 . 
a Parameter estimate was assumed to be 1.000. 

No estimates calculated due to poor mixing at McNary Dam. 
No estimates calculated due to Chandler facility PIT-tag detector malfbnction. 
Mean does not include assumed P=l .OOO estimates. 

- 
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Table 12. Parameter estimates for maximum Iikelihood analyses in 1992. Abbreviations: Sl- 
Prosser Dam forebay survival; SZ-Chandler Canal survival; S3-Prosser Dam to the 
Chandler facility outfall 

~ diversion proportion into the Chandler Canal; SA-Chandler facility to ou$all suMval; 
P-detection proportion at the Chandler facility; SE-st 

rvival; S4-Chandler facility outfall to the 1-82 bridge 
survival; SM2-1-82 bid to McNary Dam survival and detection at McNary Dam; D- 

Release 
Date s 1  s2 s3 s4 sM2 D SA P 

2 0.952 1.0 0,944 0.576 0.968 0.895 0.983 
4 April 1.028 0.896 ' 1.051 0.931 0.537 0.968 0.875 1." 
5 April 0.956 0.974 1.180 0.868 0.607 0.888 0.894 1. 
6 April 1.018 0.928 1.086 1.066 0.507 1.012 0.905 0.956 
7 Aprilb 
14 April 1.004 0.912 0.897 1.268 0.492 0.942 0.790 0.982 
16 April 0.939 0.935 1.088 0.794 1.137 1. 
18 Aprii 0.965 0.958 1.022 0.910 .624 0.867 0.926 0.968 
20 April 1.003 0.871 1.116 0.901 0.568 0.860 1.075 1. 
21 April 1.035 0.919 0.813 0.938 0.640 0.857 0.821 1. 
22 April 0.918 0.904 0.980 1.015 0.544 0.946 0.897 0.982 
12 May" 
13 May 1.013 0.508 1.472 0.697 0.413 0.925 0.911 ~ 1. 
21 May 1.106 0.696 0.984 1.322 0.127 0.912 0.616 1. 
22 May 1.101 0.484 0.756 0.960 0.101 1. . 0.496 1. 
23 May 1.082 0.492 1.000 1.296 0.056 1. 0.656 1. 
27 May 1.009 0.738 1.190 0.720 0.056 1. 0.542 1. 
2 June" , 

3 June' 
4 June' 

April Mean 0.982 0.925 1.026 0.964 .. 0.568 0.923d 0.922 0.974d 
SE 0.013 0.010 0.034 0.041 0.015 0.019 0.034 0.005 ' 

May Mean 1.062 0,583 1.080 0.999 0.151 0.919 0.644 1. 
SE 0.021 0.055 0.120 0.135 01067 0.006 0.072 

Coho salmon 
28 April 1.039 0.952 1.000 1.081 0.452 0.873 0.975 1. 
29 April 1.020 0.941 0.880 1.127 0.476 1.001 0.949 0.982 
30 April 1.022 0.984 0.978 0.935 0,582 0.970 0.908 1. 
5 May 1,000 0.976 1.156 0.849 0.424 1. 0.828 1. 
6 May 0.967 0.978 1.224 0.980 0.400 0.999 0.775 0.973 
7 May 0.975 0.976 0.944 1.059 0.408 1. 0.930 1. 

Mean 1.004 0.968 1.030 1.005 0.457 0.961d 0.894 0.97!ld 
SE 0.012 0.007 0.054 0.042 0.028 0.030 0.031 0.004 
" ,Parameta 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 include assumed P= I .OW estimates. 
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individual releases, and often for the overall average. 'However, the average estimate was 

expected to be within two standard errors of 00%. This was not the case 

survival -for yearling chinook salmon in May 1992 and indicated a possible lack of fit or failure of 

the assumptions of the likelihood model for those releases. However, this low surviyl estimate 

was most likely related to low recapture rates at McNary Dam. 

The estimated mean survivals in 1991 of 97.1 (SE = 0.5%) and 98.7% (SE = 0.05%) for 

yearling chinook and coho salmon, respectively from the entrance of the Chandler Canal to the 

main facility PIT-tag detector were high (Table 11). Fairly high survival of 92.5 (SE = 1.0%) and 

96.8% (SE = 0.7%) for yearling chinook and coho salmon, respectively was estimated in 1992 

before 12 May (Table 12) . However, yearling chinook mean survival fell to 58.3% (SE = 5.5%) 

after 12 May and to 47.7% (SE = 5.0%) in June (EDP estimates in Table 14 used in June). 

For the reach in the Yakima River from the tailrace of Prosser Dam to the Chandler 

facility outfall, estimated mean survival exceeded 100% for both years and species and ranged 

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 high variation in estimates appeared 

random over time and was a result of small sample Sizes and/or recapture rates at McNary Dam. 

This was particularly true after 12 May 1992. ~ 

Separate survival estimates for the reach from the Chandler facility outfall to the 1-82 

bridge were anly available for 1992. Mean survival was high for both species, averaging 96.4 (SE 

= 4.1%) and 99.9% (SE = 13.5) for yearling chinook salmon in April and May, respectively, and 

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

sample sizes or low recapture rates at McNary Dam, particularly after 12 May. 
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Mean survival in the short reach between the main PIT-tag detector inthe Chandler I 
juvenile-facility and the outfall back into the Yakima River was estimated at 92.1% (SE = 3.5%) 

in 1991 for yearling chinook salmon and 93.8 (SE = 5.2%) and 89.4% (SE = 3.1%) for coho 

salmon in 1991 and 1992, resp (Tables 11 and 12). The yearling chinook salmon estimate 

an estimated 8% mortality due to the sampling process at the facility. The adjusted 

overall 1991 survival estimate for yearling chinook salmon that passed tkough the facility and 

outfall but were not sampled was 94.6% (SE = 3.6%; Table 13). Mean survival results for 

yearling chinook salmon in 1992 were fairly complicated (Table 12). In early April, survival 

averaged 89.2% (SE = 0.6%) with no detectable mortality due to the sampling process. Later in 

April, it averaged 94.1% (SE = 5.6%) with nearly all the mortality attributed to the sampling 

process. The adjusted mean was 101.4% (SE = 6.6%). In'May, mean survival dropped to 64.4% 

(SE = 7.2%), but the effect of the sampling process on this low survival could not be estimated. 

. 

standard errors reflected small sample sizes and/or recapture rates at McNary Dam. 

Virtually no salmonid mbrtality was observed in the Yakima River from 1 km above 

Prosser Dam to the 1-82 bridge over the time and river conditions tested for both yearling chinook 

and coho salmon. Passage through the Chandler Canal and facility and back into the Yakima 

River resulted in roughly 11% mortality for coho salmon and 7-16% mortality for yearling 

chinook salmon, except in late May 1992 when it averaged 63%. For coho salmon, most of the 

mortality occurred in the segment between the Chandler facility entrance and its outfall and was 

not a result of the sampling process. For yearling chinook sal 

consistent pattern of the location of mortality, except that in late May 1992 high mortality 

occurred both in the Chandler Canal and through the Chandler facility. While Chandler Canal 

n, it was difficult to determine a 



Table 13. Adjusted Chandler facility tg outfall survival estimates for yearling chinook salmon 
releases where significant mortality was detected due to the facility sampling process in 
1991 and 1992 (see Table 8). 

Maximum 
likelihood Adjusted 

Sampled Chandler estimated unsampled 
fish facility Chandler Chandler 

Release relative sample facility fkcility 

14 April 1991 0.901 0.241 0.800 0.819 
Date survival proportion survival survival 

15 April 1991 
16 April 1991 
17 April 1991 
22 April 1991 
23 April 1991' 
24 ,April 199 1 
25 April 1991 
26 April 1991 
1 May 1991 
2 May 1991 
3 May 1991 
4 May 1991 

, 7May1991b 
5 May 1991 

Mean 
SE" 

14 April 1992 
16 April 1992 
18 April 1992 
20 April 1992 
21 April 1992 
22 April 1992 

Meall 

0.73 1 
0.989 
0.846 
0.870 

0.874 
0.983 
1.020 
0.982 
0.884 
0.884 
0.953 
1.044 

0.920 
0.024 

0.881 
0.727 
0.891 
0.643 
0.722 

. 0.732 

0.766 

0.177 
0.232 

- 0.395 
0.341 

0.376 
0.637 
0.671 
0.509 
0.4 16 
0.390 
0.296 
0.119 

0.369 
0.046 

0.3 19 
0.297 
0.263 
0.244 
0.358 
0.322 

0.887 
0.93 1 
0.841 
1.203 

1.061 
0.933 
0.985 
1.054 
0.787 
0.828 
0.871 
0.798 

0.921 
0.035 

0.790 
a 1.137 

0.926 
1.075 
0.82 1 
0.897 

0.93 1 
9.933 
0,896 
1.259 

1.114 
0.943 
0.972 
1.064 
0.827 
0.867 
0.883 
0.794 

0.946 
0.036 

0.821 
1.237 

1.177 
0.912 
0.982 

0.953 

0.301 0.941 1.014 
0.066 SE 0.040 0.017 0.056 

' No estimates calculated due to poor mixing at McNary Dam. 
No estimates calculated due to Chandler facility PIT-tag detector malfbnction. 
SE = Standard Error of the Meah. 
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I 
I survival was assumed to be related to river conditions, low survival through the Chandler facility , 
j may have resulted fiom a combination of the sampling process, river conditions, and avian 

predation at the facility outfall. 

Comparison- with River Conditions 

Since nearly all survival estimates (Sl-S4).were high and averaged close to 100% (except 

for yearling chinook salmon S2 estimates), no attempt was made to correlate survival in the 

corresponding reaches with river conditions such as water temperature or flow volume (Appendix 

Table 10). It was apparent over the range of conditions tested that survival was not afKected by 

~ 

any environmental factors. 

- However, the precipitous decline in S2,yearling chinook salmon suMval estimates after 12 
1 ’  

May 1992 suggested that survival between the Chandler Canal and the facility for that species was 

linked to some water condition in the canal. Therefore, the relationships between S2 survival 

estimates and water temperature and volume were examined. Estimates from 1991 and 1992 

were combined based on the assumption that any cause-and-effect relationship would be the same 

in both years. 

Lower survival through the Chandler Canal for yearling chinook salmon was clearly 

associated with later release dates at higher water temperatures and lower flaw volumes 

(Figs. 3-5). However, the paucity of data falling in the middle of distributions for release date, 

water temperature, and canal water-flow distributions made it difficult to determine the functional 

relationship between these variables and canal survival. Thre 

could not be differentiated using the observed data. Therefore, statistical models were not 

developed for these relationships. Significant yearling chinook salmon mortality in the Chandler 

Id- and continuous-type models 
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Canal to the facility occurred after 12 May when water temperatures exceeded 15°C (59°F) and 

canal water flow was less than 30.0 cms (1060 ds). 

Survival estimates through the Chader facility for yearling chinook salmon were also 

substantially lower after 12 May 1992 and were associated with high water temperatures and low 

water flows in the Yakima River (Figs. 6-8). (The discussion in the preceding paragraph 

regarding the choice of appropriate statistical models also applied to the observed relationships 

between release date, river water temperature, and survival through the Chandler facility). 

Survival appeared random and quite variable over release dates and water temperatures of 9-16°C 

(48-61 OF) but decreased after 12 May when water temperature was above 17°C (63°F). Survival 

appeared random and quite variable over the observed flow range of 12.4-105.7 ems (438-3732 

cfs) until after 12 May 1992, when it dropped substantially. Yet, it was still within the flow range 

observed before 12 May. 
- 

Chandler Canal Water Flow versus Fish Entrainment 

The proportion of water diverted on test days and the MLEs of the proportion of fish 

entrained into the Chandler Canal (Tables 11 and 12) &e shown in Figures 9 and 10. Individual 

standard errors based on multinomid sampling error for the MLEs are listed in Appendix Tables 8 

and 9. For yearling chinook salmon, the best-fitting regression curve was estimated as: 

Fi = 1.368 - 0.234/F1 

with a 95% prediction internal of 
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15.0275 

where Fi is the.predicted proportion of fish entrained in Chandler Canal and Fl is the proportion of 

flow diverted into the canal. This regression model accounted for 86% of variation in the 

proportion of fish entrained in the canal (Le., R2 = 0.86). The model residuals, predicted minus 

. actual values, appeared fairly random around zero and normally distributed. However, some 

"lack-of-fit" of the cume was apparent from visual inspection of the data shown in Fig. 9 (Le., the 

curve didn't seem to bend quite as sharply as the data scatterplot suggested). This primarily 

resulted from having many more flow proportion diverted values on the ends of the range (around 

0.3 and 0.5-0.7) than in the middle (0.354.5). That is, these middle values were less able to 

' the curve in their neighborhood. 

For coho salmon, the best-fitting curve was estimated as: , 

with a 95% prediction interval of: 

(m - 0.5616)' 
Fi * 0.1189 1.0909 + 0.1680 1 

~ 

This regression model accounted for only 23% of the variation in the proportion of fish entrained 

in the canal (i.e., R2= 0.23). Curve estimation and regression diagnostics (e.g., residual plots) 

were difficult to interpret from this small data set (n = 11). For example, the largest value for the 
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- 

proportion of flow diverted was associated with nearly the lowest value for the proportion of fish 

entrained, and this value also had the largest regression-model residual. This data point had 

strong influence on how the flow-diversion& nmebt relationship was determined both 

fiom the standpoint of fitting a regression model and from visual inspection of the data 

scattkrplot. Removal of this value fiom the 

equation to Fi = 0.766 + 0.345 x Fl and increased R2 to 0.64. 

sion considerably changed the prediction 

, 

The above prediction curves can be used to expand future fish counts at the Chandler 

fhcility into Prosser Dam passage numbers (for tagged and untagged fish). However, several 

caveats should be noted: 

1. The precisi es, as calculated &om the prediction intervals above, 

will be fairly low. For yearling chinook and coho salmon, predicted fish 

entrainment estimates could vary by a minimum of 14.7 and 12.4%, respectively 

(e.g.; given a percentage of flow diverted of 4s0/0, a researcher would predict that 

85% of 

confidence that the true percentage of fish entrained was between 70.3 and 

- 

chinook salmon would be entrained but could only say with 95% 

99.7%). 

2. These prediction curves should only be used for flow entrainment proportions 
/ 

in this study. Flow proportions greater than those observed most likely 

imply 100% fish entrainment, but the relationship for flow proportions less than 

those observed is unknown. If data were available over the entire range of 

possible flow diversion proportions, it is possible that a different predictor hct ion 

would be appropriate. 
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3. Expansion estimates using these curves need to be adjusted for Chandler Canal to 

f&ciIity estimated survival and facility main PIT-tag detector efficiency. Estimates 

at "low" canal flow volumes would be highly variable. 

The accuracy of the coho salmon prediction curve is somewhat tenuous due to 

smail sample size. 

4. 

Likelihood vs Expanded Detection P rtion and Relative Recapture 

The mean ratio o to EDP e w t e s  of 

Table 14). species was 0.996 (SE 

Therefore, the average estimates tiom the two 

Furthermore, individual estimates were not highly variable. The EDP method can be used to 

ds were not significantly different. 

obtain Chandler Canal suxvival estimates in the future as long as the Chandler facility main PIT- 

tag detector efficiency can be estimated. 

The mean ratio of the MLE to RR estimates of the proportion of fish entrained into 

Chandler Canal over years and species was 1. 

ranged fiom 0.894 to 1.154. Therefore, average estimates fiom the two methods were not 

significantly different. Furthermore, individual estimates were not highly variable. The RR 

method can be used to obtain entrainment estimates in the future as long as 100% survival fiom 

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

4). Individual values 

Chandler Facility Main PIT-tag Detector Efficiency 

MLEs of the PIT-tag detection eiiiciency of the Chandler facility exceeded 94% for all 

release days over both years and species, with means and standard errors ranging fiom 97.4 to 
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Table 14. Comparison of the 1991 and 1992 expanded detection proportion (EDP) Chandler 
Canal survival estimates and the relative recapture (RR) Chandler Canal fish 
entrainment proportion estimates with the maximum likelihood (MLE) estimates. 

Release Entrainment proportion 
Date MLEIEDP MLE RR MLElRR 
14April 1991 0.987 0.987 1 .Ooo 0.670 0.639 1.049 
15 April 1991 0.984 0.960 1.025 0.460 0.474 0.970 
16 April 1991 0.990 1.003 -0.987 0.681 0.702 0.970 
17 April 1991 0.%9 0.979 0.990 0.779 0.753 1.035 

23 April 1991' 0.925 0.435 
24 April 1991 0.986 0.984 1.002 0.509 os i8  0.983 

26 April 1991 0.977 0.973 1.005 0.748 0.728 1.027 
1 May 1991 0.947 0.960 0.986 0.966 0.995 0.971 
2 May 1991 0.973 0.990 0.983 0.991 0.%8 1.024 
3 May 1991 0.958 0.958 0.999 0.916 0.937 0.978 
4 May 1991 0.992 0.972 1.021 1.008 0.971 1.038 

7 May 199Ib 

22April1991 ' 0.945 0.954 0.990 0.597 0.603 0.990 

25 April 1991 0.964 0.974 0.990 0.518 0.507 1.022 

5 May 1991 0.997 0.966 1.032 1.022 1.01 1 1.01 1 

16 May 1991 0.978 1.004 0.974 0.925 0.917 1 .om 
17 May 1991 0.985 0.985 1 .Ooo 0.877 0.888 0.988 
18 May 1991 0.980 0.975 1.005 1 .Ooo 0.979 1.02 1 

23 May 1991 0.988 0.975 1.014 0.908 0.870 1.044 

4 April 1992 0.8% 0.928 0.966 0.968 1.006 0.962 

21 May 1991 1.005 1.030 0.976 0.873 0.813 1.074 

3April1992 0.952 0.936 1.018 0.%8 0.915 1.058 

5 April 1992 0.974 0.987 0.987 0.888 0.827 1.074 
6 April 1992 0.928 0.91 1 1.018 1.012 1.030 0.983 
7 April 1992b 

l6April 1992 0.935 0.964 0.971 1 .Ooo 0.93 1 1.074 
18April1992 0.958 0.928 1.033 ' 0.867 0.836 1.037 

14 April 1992 0.912 0.909 I .004 0.942 0.938 1.004 

20April1992 0.871 0.889 0.980 0.860 0.870 0.989 
21 April 1992 0.919 0.93 1 0.987 0.857 . 0.887 0.966 

. 22Aprii1992 0.904 0.888 1.018 0.946 0.820 1.154 

30April1992 0.984 0.984 1 .Ooo 0.970 0.%7 1.003 
5 May 1992 0.976 %0.990 0.986 1 .Ooo 1 .Ooo 1 .Ooo 

12 May 1992b 

22 May 1992 0.484 0.484 1 .Ooo 1 .Ooo 1.119 ~ 0.894 

28 April 1992 0.952 0.%8 0.984 0.873 0.899 0.971 
29 April 1992 0.941 0.%8 0.972 1.001 1.073 0.933 

6 May 1992 0.978 0.%7 1.011 ' 0.999 0.966 1.034 
7 May 1992 0.976 0.984 0.992 I .Ooo 0.983 1.017 

13 May 1992 0.508 0.508 1 .Ooo .0.925 0.937 0.987 
21 May 1992 0.6% 0.708 0.983 0.912 1 .Ooo 0.912 

23 May 1992 0.492 0.507 0.970 1 .Ooo 1.1 19 0.894 
27 May 1992 0.738 0.738 1 .Ooo 1 .Ooo 1.033 0.%8 
2 June 1992' 0.569 
3 June 1992' 0.468 
4 June 1992' 0.395 

Mean 0.996 1.003 
SEd 0.003 0.008 

' I  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 ofthe Mean. 



97.9% and 0.4 to 0.6%, respectively (Tables 11 aqd 12). Model-based individual standard 

errors are fisted in Appendix Tables 8 and 9. However, in 22 of the 39 tests, the efficiency was 

not estimable by the 1 1 1  likelihood model and was assumed to be 100% due to 0 detections at 

McNary Dam of fish not previously detected at the Chandler facility. 

Estimates of the Chandler facility main PIT-tag detector efEciency based on Sample PIT- 

tag detector detections of R1 and R2 releases exceeded 95% for all release days over both years 

and species with means and standard errors ranging fiom 98.0 to 99.0% and 0.2 to 0.9?h, 

respectively (Table 15). Estimates were obtained by this approach for all release days, with 

sample sizes in excess of 30 sample detections, except in June 1992. Sample sizes for the June 

1992 releases ranged fiom 8 to 19, with detector efficiency estimates at 100%. 

-1 

\ 

- TravelTime 

Chandler Facility 

In 1991, the fastest travel times to the Chandler facility for fish released in the Chandler 

Canal averaged 0.7 (SE = 0.1) and 0.5 hours (SE = 0.1) for yearling chinook and coho salmon, 

respectively (Table 16). For both species, this was an average of about 0.8 hours (SE = 0.1) 

faster than the minimum travel time for fish released in the Prosser Dam forebay, In 1992, the 

fastest travel times to the C facility for fish released in the Chandler Canal averaged 1.7 

(SE = 0.2) and 1.8 hours (SE = 0.1) for yearling chinook and coho SaImon, respectively (Table 

17). This averaged 1.1 (SE =,O 

for forebay-released yearling chinook and coho salmon, respectively. Within both years, minimum 

. travel times of individual release d s were fairly consistent. 

and 0.6 hours (SE = 0.1) faster than the minimum travel time 
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Table 16. Minimum and median travel time (TT) to the Chandler facility for yearling chinook and 
coho salmon released 1 km above Prosser Dam (Forebay) or at the headworks ofxthe 
Chandler Canal (Canal) in 1991. 

Forebay ' canal Forebay 

, date TT (hours) TT (hours) (hours) TT (hours) TT (hours) (hours) 
Yearling chinook salmon 
14 April 0.2 0.6 -0.4 2.7 2.1 0.7 
15 April ' 1.3 0.5 0.8 2.7 2.0 0.7 

17 April 2.3 1.2 1.1 4.1 3.8 0.4 
2.4 1.1 1.4 3.5 3.5 -0.1 

0.0 
22 April 
23 April 1.2 0.8 . 0.5 3.1 3.2 
24 April 1.4 0.8 0.6- 2.7 2.0 0.7 
25 April 1.2 0.9 0.3 3.3 2.8 0.5 
26 April 1.3 0.6 0.7 3.4 2.1 1.3 
1 May 2.0 0.7 1.3 6.1 5.3 0.8 
2 May 1.7 0.8 0.8 4.6 3.9 0.7 

1.5 0.6 0.9 5.5 5.5 0.1 
1.1 0.7 0.4 4.5 2.0 2.5 

5 May 1.3 0.7 0.6 4-2 2.0 2.3 
7 May" 

Mean 1.5 0.7 0.7 3.8 3 .O 0.8 

Forebay Canal Forebay 
Release Minimum Minimum -Canal Median Median - Canal 

16 April 1.5 0.6 1 .o 3.2 2.3 0.9 

3 MY 
4 May 

SEb 0.1 0.1 0.1 0.3 0.3 0.2 

Coho salmon 
16 May 1.2 0.5 0.7 2.6 2.0 0.5 
17 May 1.6 0.3 1.3 3.1 2.3 0.8 
18 May 1.2 0.4 0.8 2.6 2.2 0.5 
21 .May 1-. 1 0.7. 0.5 2.3 1.8 0.6 
23 May 1.3 0.4 0.9 2.1 1.5 0.6 
Mean 1.3 0.5 0.8 2.6 2.0 0.6 

a 
SE 0.1 0.1 0.1 0.2 0.1 0.1 

No estimates calculated due to Chandler facility PIT-tag detector malfbnction. 
SE = Standard Error of the Mean. 
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Table 17. Minimum and median travel time (TT) to the Chandler facil yearling chinook and 
e headworks of the coho salmon released 1 km above Prosser Dam (Forebay) 

Chandler Canal (Canal) in 1992. 

Release Minimum Minimum -Canal Median Median - Canal 

3 April 2. i 1 .o 1 .o 13.5 13.6 
4 April 2.3 
5 April 1.7 

7 April" 

16 April 2.6 
18 April 2.4 
20 April 2.5 
21 April 2.3 
22 April 2.9 
12 May' 
13 May 6.0 

22 May 3.2 
23 May 3.1 
27 May 2.3 
2 June 3.7 
3 June 2.1 
4 June 2.4 

Meall 2.8 
SEb 0.2 

Coho salmon 
28' April 2.5 
29 April 2.6 
30 April 2.3 
5 May '2.4 
6MaY 2.4 
7 May 2.3 * 

Mean 2.4 

6 April 1.9 

14 April 3.4 

21 May 4.2 

1 .o 
1 .o 
1.1 

1.7 
1.5 
1.5 
1.5 
2.0 
2.0 

4.1 
1.5 
2.8 
1.6 
1.2 
2.5 
1.3 
1.9 

1.7 
0-2 

,- 

1.6 
1.7 
1.8 
1.9 
1.9 
1.8 

1.8 

1.3 
0.6 
0.9 

1.6 
1.1 
0.9 
1 .o 
0.3 
0.9 

1.9 
2.6 
0.4 
1.5 
1.1 
1.2 
0.8 
0.5 

1.1 
0.1 

0.8 
1 .o 
0.4 
0 5  
0.5 
0.4 

0.6 

14.3 14.3 
11.2 15.2 
14.9 14.8 

39.7 37.3 
10.8 8.8 
.4.3 3.4 
4.6 4.3 
5.0 5.2 
5.3 6: 1 

7.4 7.8 
6.7 4.8 
9.5 9.1 

13.9 68.3 
5.8 6.4 
7.5 8.9 
6.4 7.3 
4.7 5.3 

9.5 8.1 
2.0 1.9 

3.8 
5.5 

4.1 
6.0 ' 
3.6 3.5 
3.9 3.3 
3.8 3.3 
3.9 3.6 

4.2 3.9 

-0.2 
0.0 

-4.1 
0.1 

2.3 
1.9 
0.9 
0.3 

-0.1 
-0.9 

-0.4 
1.9 
0.4 

-54.4 
-0.5 
-1.4 
-1.0 
-0.5 

-0.1 
0.4 

0.2 
0.5 

' 0.0 
0.6 
0.5 
0.4 . 

0.4 
SE ' 0.1 0.1 0.1 0.4 0.3 0.1 
a No estimates calculated due to Chandler facility PIT-tag detector malfbnction. 

SE = Standard Error of the Mean. 
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In 1991, the median Chandler Canaheleased yearling chinook and coho salmon reached 

the Chandler facility main PIT-tag detector with me of 3.0 (SE = 0.3) and 2.0 hours (SE = 

0. l), respectively. This was a mean of 0.8 (SE = 0.2) and 0.6 hours (SE = 0.1) faster than the 

median Prosser Dam forebay-released fish (Table 16). Median travel time for Chandler Canal- 

released coho salmon in 1992 averaged 3.9 hours (SE = 0.3) which was 0.4 hours (SE = 0.1) 
, 

Prosser Dam forebay-released fish (Table 17). Median travel time characteristics for 

1992 yearling chinook salmon were more complex. Between R1 and R2 releases, the median 

travel time was nearly the same to get to the Chandler facility (the median travel time difference 

averaged 0.4 hours (SE = 0.4)). However, average travel times changed over the migration 

seaSon, as early in April both groups took 1 1-15 hours, but fiom mid-April through early June 

both groups mostly took 3-10 hours. Also, on two occasions median travel times were 

unexplainably much longer than usual, at nearly 40 hours for both 14 April groups and at 14 and 

68 hours for R1 and R2 groups, respectively, on 23 May. Close examination of the PIT-tag 

observation data for these groups did not adequately reveal any data errors (such as the PIT-tag 

detector problems described in Appendix 2). 

~ 

The time between minimum and median detection at the Chandler facility main PIT-tag 

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

forebay passed the Chandler facility up to an hour or so later than fish released to the Chandler 

Canal. Therefore, any period of time in the hours following release in which the PIT-tag detector 

was inoperative or malfiinctioned would have affected the R1 and R2 groups differently. This 

was evidenced for the three release days described in Appendix 2. The observation of significant 

was inoperative or malfiinctioned would have affected the R1 and R2 groups differently. This 

was evidenced for the three release days described in Appendix 2. The observation of significant 
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bias in statistical - estimates as a result of non-random-PIT-tag detection problems underscored the 

need for highly reliable and stable PIT-tag detection systems and carefbl documentation of 
/ 

McNary Dam 

In 1991, median travel times fiom release to primary detection at McNary Dam were fairly 

similar, between releases within days but varied substantially over time and between species (Table 

Median travel times fiom release to primary detection at McNary Dam in 1992 were 

somewhat variable between releases within days and varied considerably over time and between 

species (Table 19). For yearling chinook salmon in early April, median travel times were fairly 

consistent and averaged 16.6 days (SEs averaged 0.2 days). Maximum differences between 

goups r e l a d  on the same day ranged f?om 0.8 to 2.0 days, but the groups with the longest and 
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Table 19. Median travel time (TT) to McNary Dm-in 1992 of yearling chinook and coho salmon 
released approximately one km upstream from Prosser Dam (Rl), at the headworks of 
the Chandler Canal (W), immediately below Prosser Dam (R3), at the Chandler facility 
outfall (R4), at the 1-82 bridge, or immediately below the main PIT-tag detector in the 

date TT(days) TT(days) TT(days) TT(days) TT(days) TT(days) (day s) 
Yearling chinook salmon 

4 April 17.4 16.8 16.9 15.7 15.8 1.7 
3 April 16.6 16.8 16.7 16.0 16.7 a 0.8 

5 April 16.4 17.7 15.7 16.0 17.0 2.0 
6 April 16.9 15.9 16.9 17.0 17.0 1.1 
7 April 15.9 17.8 16.9 16.7 16.8 1.9 

Mean 16.6 17.0 16.6 16.3 16.7 1.5 
SEb 0.3 0.3 0.2 0.2 0.2 - 0.2 

14 April 11.7 14.0 11.2 11.7 12.0 2.8 
16 April 11.6 12.9 9.7 11.9 10.0 3.2 ~ 

18 April 9.0 8.9 - 8.4 9.9 10.5 2.1 

21 April 9.9 10.7 9.8 9.9 9.8 10.8 1.0 
20 April 10.2 . 10.7 9.9 10.4 10.6 9.8 0.9 ’ 

22 April 9.8 9.9 9.8 9.4 9.7 9.9 0.5 

Mean 10.4 11.2 9.8 10.6 10.4 10.2 1.8 
SE 0.4 0.8 0.4 0.4 0.3 0.3 0.5 

12 May 31.1 32.5 20.8 28.7 30.5 11.7 

21 May 23.7 25.1 23.8 22.5 25.5 3.0 
22 May 27.0 21.7 24.5 23.3 22.9 5.1 
23 May 21.2 35.1 21.3 22.8 24.3 14.1 

13 May 28.9 30.0 27.8 29.2 29.4 2.2 

27 May 261 22.3 18.5 17.9 21.7 8.2 

Mean 26.3 27.8 22.0 24.1 25.7 7.4 
SE 1.4 2.3 1.3 1.7 1.4 2.0 

28 April 4.7 4.6 4.5 4.5 4.7 4.8 0.3 
29 April 5.7 5.7 4.9 4.8 5.4 5.6 0.9 

5 May 5.8 6.0 5.8 5.7 5.6 5.9 0.4 
6 May 5.6 5.9 5.2 5.3 5.0 5.0 0.9 
7 May 5.6 5.8 5.4 4.9 5 .O 5.1 0.9 

30 April 4.8 4.8 4.6 4.6 4.6 4.7 0.2 

Mean 5.3 ’ 5.5 5.1 5.0 5.0 5.2 0.6 

a Blanks indicate no releases were made. 
SE 0.2 0.2 0.2 0.2 0.2 0.2’ 0.1 

~ - SE = Standard Enor of the Mean. 
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SUMMARY 

[ 

1. Ingeneral, a tions of the statistical methodology used in the 1991 and 1992 studies 

were not violated, and maximum likelihood estimates (MLEs) derived were deemed valid. 

For yearling chinook and coho salmon in 1991 and 1992, significant mortality occurred in 

the Prosser Dam and Chandler facility system only for fish passing through the Chandler 

2. 

Canal and facility. For much of the time and for most conditions tested, this mortality was 

estimated at approximately 7-16 and 1 1% for yearling chinook and coho salmon, 

respectively. However, after mid-May 1992, when Chandler Canal water temperatures 

exceeded 15°C (59°F) and water flow was less than 30.0 cms (1060 cfs), yearling 

chinook salmon mortality increased significantly to 63%. Avian predation at the Chandler 

facility outfall may have contributed to this mortality (personal observations of the authors 

and Chandler facility staff) but its effect was not assessed in these stiidies. Only 5 valid 

tests were conducted in this time period for yearling chinook salmon and only 1 1 total 

tests were conducted for coho salmon. 

The relationship between proportion of water flow diverted into the Chandler Canal (Fl) 

and proportion of fish entrained into the canal (Fi) for yearling chinook salmon was high 

(R2 = 0.86), but for coho salmon was low (R2 = 0.23). Further, predicted entrainment 

3. 



4. Expanded detection proportion estimates of Chandler Canal survival were quite similar to 

the maximum likelihood estimates, and the EDP method can be used in future studies as 

long as the efficiency of the Chandler facility main PIT-tag detector can be estimated. 

Relative recapture estimates of the Chandler Canal fish entrainment proportion were quite 5 .  

similar to the maximum likelihood estimates, and the RR method can be used in fbture 

studies as long as 100% -_ suMvd can be assumed in the Prosser Dam forebay. 

The efficiency of the Chandler facility main PIT-tag detector was estimated as exceeding 

95% over both studies. However, there were at least three occasions when the detector 

was apparently inoperative for several hours, and these malfunctions seriously 

compromised detection data for study fish released during those times. 

6.  

7. Most of the PIT-tagged fish released in the Prosser Dam forebay and the Chandler Canal 

passed the Chandler facility in a few hours. Median travel times to McNary Dam 

decreased over time from as long as 17 days in early April to as short as 6 days in early 

May for yearling chinook salmon and from 5 days in early May to 3 days in late May for 

coho salmon. 

RECOMMENDATIONS 

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

studies over broad ranges of environmental conditions should be conducted to c1ariQ and 
.Y 

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. 
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2. Further Chandler Canal fish entrahment proportion estimates q e  necessary to improve the 

precision and accuracy of the estimated fisWflow entranment relationship. 

High efficiency of the Chandler facility P 

detector malfhctions or downtime should be hlly documented. 

3. etection system should be maintained and 
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, I 

The MOM estimators for the initial 1991 maximum likelihood iterative estimates were then 

derived as: 

%nl = '411R 

% = x31 lx41  

P = x2111 (x201 + X21l) 

s, = (x210 + x211) /RP 
sa = x2111 ((x210 + x 2 1 h  

Sl = (x110 + x111) 1 D (XZ10 + x211) 

d = 1 1 ((((XlOl+ Xl11)~XlIl) - (1 1 PI) (x211 1x31)  + 1) 
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APPENDIX 2 

Maximum Likelihood estimates for S1, S2, P, and Chandler facility travel times for 7 May 

199 1,7 April 1992, and 12 May 1992 were different from the estimates for all other release days. 

The differences were substantial and similar between days. PIT-tag detections through time at'the 

Chandler facility main PIT-tag detector were examined for these three and adjacent days. In all 

, 

three cases, initial detections for R1 and R2 releases were much later than other days. Also, the 

two groups were detected together while on other release days, R2 fish were generally detected 

ahead of R1 fish. Following are detailed descriptions of the differences discussed above for the 

three affected release days. Comparisons involve only yearling chinook' salmon releases. 

7 May 1991 

1. The average S1 estimate was 0.99. The 7 May S1 estimate was 1.12 and was the only 

estimate over 1.03. The average S2 estimate was 0.97. The 7 May S2 estimate was 0.77 

and was the only estimate below 0.90. The average P estimate was 0.98. The 7 May P 

estimate was 0.60 and was the only estimate below 0.95. 

2. For R1 and R2 fish released on 7 May, 88 and 108 were not detected at the Chandler 

facility, respectively. The maximums for other Rl and R2 releases in May were 23 and 

15, respectively. 

Minimum travel times for R1 and R2 fish released on 7 May were 2.4 and 2.7- hours, 3. 

respectively. Other release days averaged 1.5 and 0.7 hours, respectively. The difference 
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release days averaged 0.8 hours. 

between median travel times for R1 and R2 fish released on 7 May was -0.6 hours. Other 

respectively. Other release days averaged 2.8) and 1.7 hours, respectively. The difference 

between median travel times for R1 and R2 fish released on 7 April was -55.9 hours, 

Other release days averaged 0.4 hours. 

12 May 1992 

1.  The average May S1 estimate was 1.06. The 12 May S1 estimate was 1.45 and was the 

only estimate over 1.11 .  The average May S2 estimate was 0.58. The 12 May S2 

estimate was 0.3 1 and was the only estimate below 0.48. There were no May P estimates. 

For R1 and R2 fish released on 12 May, 76 and 84 were not detected at the Chandler 

facility, respectively. The maximums for other R1 and R2 releases in May were 65 and 

63, respectively. 

2. 
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3. Minimum travel times for R1 and R2 fish released on 12 May were 6.0 and 6.2 hours, 

respectively. Other release days averaged 2.8 and 1.7 hours, respectively. The difference 

between median travel times for R1 and R2 fish released on 12 M a y  was -5.3 hours. 

Other release days averaged 0.4 hours. 
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Appendix Table 1 a. McNary Dam passage dates for yearling chinook salmon released one km above Prosser Dam in April 1991 and 
detected (D) or not detected o) at the Chandler facility. 

Release Date 
Passage 14 April 15 April 16 April 17 Aptil 22 April 23 April 24 April 25 April 26 April 
Date D ND D ND D ND D ND D ND D ND D ND ’ D ND D ND 
18April 2 
19 April 2 1 
20 April 1 4  1 
21 April 1 1 2  1 
22 April 6 5  4 3  2 
23 April 4 3  5 7  3 2 4  
24 April 1 1  2 2  5 5  4 1  
25 April 4 4  3 3  5 2  6 1  3 
26 April 6 2  2 6  3 7 3  6 7  1 1  
27 April 1 2  3 2  6 1  4 2  6 , 5  2 4  
28 April 2 1  1 2  3 1  5 1  12 5 7 7  2 
29 April 1 1  1 1 2  4 1  4 2  1 4  1 2  1 
30 April 1 2 2  1 3 1  1 3 
1 May 1 2  1 2  1 3  2 1  6 3  3 6  1 2  1 2  
2 May 2 2 1 3 2  1 1 3  3 5  3 1  4 
3 May 1 3 1  2 1  3 2  7 2  6 8  7 2  3 1  
4 May 1 1 8  1 1  3 2  3 2  5 4  7 6  11 7 10 3 

3 2  4 4  5 4  3 3  14 1 
3 2  1 2  3 3  6 7  7 2  
3 1  2 1  4 5  8 5  9 6  

6 May 1 1  2 
7 May 2 2 1 
8 May I 1  2 1 6 3 3  10 7 13 3 
9 May 1 1  3 1 1  8 4  3 3  9 2  
10 May I 2 1 1  5 3  6 4 4  
1 1  May I 1 1 3 1  2 
12 May 2 1 1 1  
13 May 1 1 1 1 1 2  3 2  1 3  
14 May 1 2 1 3  1 1  
15 May 1 2 
16 May 1 
17 May 1 
18 May 1 2 1 
19 May 2 1 
20 May 1 1 
21 May 
22 May 
23 May 
24 May 

2 1  1 
3 5May 1 2  1 1  2 3  

25 May 1 

Total 31 21 33 51 46 28 51 24 57 37 39 49 51 49 64 51 80 29 





, 

Appendix Table 1 c. McNary Dam passage dates for yearling chinook salmon released one km above Prosser Dam in April 1992 and 
detected @) or not detected (ND) at the Chandler facility. 

Releare Date 
Passage 3 April 4 April 5 April 6 April 7 April 14 April 16 April 18 April 20 April 21 April 22 April 
Date D ND D ND D ND D ND D ND D ND D ND D ND D ND D ND D ND 
8 Aoril I 
9 $1 
10 April 1 ,  
11 April 
12 April 

14 April 4 
15 April 5 5 2  3 
16 April 9 3 5 
17 April 4 1 4 1  
18 April 3 6 1 
19 April 3 1  3 4 
20 April 9 1  7 9 

8 2  
7 3  

21 April 3 4 1, 
22 April 5 4 
23 April 2 3 8 2  
24 April 4 5 3 
25 Ami1 3 2 

3 4 
2 
4 1 
3 
2 2 
2 1 
2 1 
1 1 

1 2 

1 

13 April 

3 2  4 26&l 3 
27April 1 

29 April 1 1  
28 April 

30 April 
1 May 
2 May 
3 May 
4 MY 
5 May 
6 May 
7 May 
8 May 

1 

9 May 
10 May 
1 1  May 
12 May 
13 May 
18 May 
19 May 
20 May 

1 
1 1 

3 
2 1 

12 6 3  
2 5 2  1 
6 8 1  8 1  1 

11 1 9 3  7 3  12 
6 4 7 1  8 
3 3 1 3 
4 6 3 
2 4 1 2 
2 1 3 1 
5 2 5 
2 1 1  2 1 

2 3 7 3 
2 3 1  2 2 

1 4 
1 4 

1 1 1 
2 3 

1 1 
1 2 

1 1 4 5 \  

2 

1 

1 
8 2  
4 
6 2  3 1  
4 1  3 
2 2  3 2 
2 1  4 4 1 
3 8 8 2 
1 6 1  5 1  4 3  
4 2 3  12 2 5 
1 2  5 2 ' 3 3  9 
3 2 1  4 4 

4 2 5 
3 1 3 1  4 

1 1 
2 2 2 1  
4 1  

1 2 1  
2 2 2  

1 
1 

1 

2 

1 

1 
1 '  

Total 55 3 69 3 69 10 67 2 49 16 57 5 61 0 52 11 46 10 47 9 41 4 









Appendix Table 2b. McNary Dam passage dates for yearling 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 facility. 

Release Date 
Passage 1 May 2 May 3 May 4 May 5 May 7 May 16 May 17 May 18 May 21 May 23 May 
Date S NS S NS S NS S NS S NS S NS S NS S NS S NS S NS S NS 
5 May 1 
6 May 8 4  7 2 
7 May 20 28 6 18 1 11 1 
8 May, 21 22 13 22 8 16 2 16 2 
9 May 11 17 20 16 15 25 13 37 1 19 
10 May 13 15 12 11 13 10 12 27 3 27 2 
11 May 8 4  5 12 7 10 5 18 4 20 1 15 
12 May 4 1  8 7  2 2  8 6  1 15 3 8  
13 May 6 4  2 3  3 5  5 8  4 10 2 18 
14 May 3 2  3 4 2 8  1 7  4 8  
15 May 2 2  1 1 3 7  12 5 4  
16 May 3 2 1  1 1  4 5  1 6  3 5  
17 Mdy 1 1  2 1 3  1 4 1 3  
18 May 2 1 1 1 2  

20 May 1 1 20 18 4 39 21 

22May 1 1 1  4 7  19 20 

24 May 2 2  4 4 3  

27 May 1 12 
28 May 1 12 2 
29 May 2 
30 May 2 
31 May 
1 June 
2 June 
3 June 
4 June 
5 June 1 1 
6 June 1 1  1 
7 June 1 1 1 
8 June 
9 June 1 
10 June 

16 June 1 
28 June 1 

Total 104 102 68 108 52 92 55 137 18 128 19 69 38 67 38 72 21 97 16 47 32 86 

19 May 1 2 2 4  2 38 

21 May 2 2 2 1 1 13 3 19 19 1 38 

4 23May 1 1 4  4 3  6 1  12 
1 45 I 

25 May 1 1  1 1  12 26 6 
26 May 1 7 13 26 

. llJune 1 



Appendix Table 2c. McNary Dam passage dates for yearling chinook salmon released one km above Prosser Dam or at the headworks‘ 
of the Chandler Canal in April l’D92 and sampled (S) or not sampled (NS) at the Chandler facility. 

Release Date 
Papsage 3 April 4 April 5 April 6 April 7April 14 April 16 April 18 April 20 April 21 April 22 April 
Date S NS S NS S NS S NS S NS S NS S NS S NS S NS S NS S NS 
8 April 
9 April 
10 &I 
11 April. 
12 April 

14 Aprir 
15 April 

13 April 

16 April 
17 April 
18 April 
19 April 
20 April 
21 April 
22 April 
23 April 
24 April 
25 April 
26 April 2 27April 
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 

1 

4 
1 

2 1 
2 2 3  1 

2 

2 7  4 7  3 3  2 
5 10 1 6  1 5  2 
4 3  1 2  3 3  1 2  
2 1  3 5  1 1  2 2  
1 2  2 5  2 9  6 
5 10 3 16 3 11 5 17 
2 6  3 8  2 7  3 6  
2 9  3 14 5 10 2 11 

4 4 7  6 11 3 f6 
1 5  1 4  4 8  
1 3  1 5  2 4  1 

4 1  4 1  3 4  
2 3 2 2  1 1  

1 1 2  1, 1 1  
2 1 4  2 4 2  

1 3  3 3 
2 2 3  2 2  

1 1 3  1 1  2 
1 2 2 1  3 2  

1 2 1 

1 0  

1 1 
1 1 2 1 

1 

2 3  1 
3 5  1 1 
2 11 3 10 1 6  1 2  
6 7  3 11 5 10 3 13 
2 3  3 9  5 6  8 1 
2 4  2 1 4  2 8  5 

1 3 6  12 5 10 3 2  1 1 
3 4  1 1  4 1 6  1 3  1 2  2 
1 1  2 3  3 6 7 2 5  3 

1 5  2 6  3 4  1 8  4 8  1 5  
1 2 4  2 2  1 3  2 13 4 9  2 8  
2 3 5  3 8  2 4  2 12 7 15 5 6  
4 4 5  1 6  2 3  3 6  4 12 9 11 

1 4  2 2  2 1  2 4  1 4  4 4  3 11 
1 2 1 3  2 3  1 3  2 4  
2 2 3 6  1 3  5 2 5  1 8  

1 2 1 1  2 2 
3 1 2  3 4 3 3 2 

1 1 2 3  1 2 1 
\ 2  1 1 2 3 

1 3 2 4 2 1  1 1  
1 1 1 2 2 

1 2 1 2 1 1  

1 
1 

1 1 
1 

1 
1 ,  

1 

1 
1 

35 74 32 104 41 88 37 94 23 57 31 75 28 91 27 85 17 82 31 77 25 72 Total 



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

Release Date 
Passage 28 April 29 April 30 April 5 May 6 May 7 May 
Date S NS S NS S NS S NS S NS S NS 
1 May 3 
2 May 6 24 3 
3 May 8 23 2 14 3 
4 May 4 12 9 23 3 30 
5 May 6 6  6 17 14 34 
6 May 5 6 10 3 20 
7 May 1 2 2 . 4  
8 May 1 4 4  1 3 
9 May 1 3 1 2  7 
10 May 1 4 2 6 6  10 
11 May 1 1  3 4  1 10 10 2 20 5 
12 May 2 4  1 2 8  5 9  3 25 
13May + 1 3 2  3 4  6 13 
14 May 1 1 1 1 1  1 3  2 
15 May 1 1  1 4 
16 May 1 2 2  

18 May 1 3  
19 May 1 1 
20 May 1 
21 May 1 2 1 3 
22 May 1 
23 May 1 2 
24 May 1 1 1  1 
25 May 
26 May 1 
27 May 2 
28 May 1 1 

3: 17May 1 3 

\ 1 

1 

29 May 
6 June 
7 June 

1 
1 
2 

8 June 1 

Total 27 77 34 89 23 101 24 41 18 50 17 67 



Appendix Table 2e. McNary Dam passage dates for yearling .chinook 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 (NS) at the Chandler facility. 

I 

Release Date 
Passage 12 May 13 May 21 May 22 May 23 May 27 May 2 June 3 June 4 June 
Date S NS S NS S NS S NS S NS S NS S NS S NS S NS 

21 Mav 
20 May 2 

I 22 M& 
23 May 
24 May 
25 May 
26 May 
21 May 
28 May 
29 May 
30 May 
31 May 
1-8 June 
9 June 
10 June 
1 1  June 
12 June 

00 13 June 
14 June 0 

I5 June 
16 June 
17 Jvne 
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 
18 July 
21 July 

I 

1. 
1 1  

1 1 

1 , I  
1 ,  

1 
1 

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

1 1  2 
1 2  1 

1 1  1 

1 

2 1 1 1  2 

1 2 2 

1 1 1 
1 

1 ,  
1 1 

1 
I 1  

1 

1 

1 

1 

1 

1 

1 
1 

1 1 

2 

1 
1 1  

2 
1 

1 
1 

1 
2 

7 

1 

1 .  
1' 

Tatal 8 15 10 22 3 15 1 5  2 3  0 4  0 7  1 12 0 4  

! 







\ 

Appendix Table 3c. McNary Dam passage dates for yearling chinook salmon released one km above Prosser Dam (Rl), at the 
headworks of the Chandler Canal (M), immediately below Prosser Dam (W), or at the Chandler facility outfall 
(R4) from 1-7 May 1991. Medians are in bold. 

Release Date 
Passage 1 May 2 May 3 May 4 f i Y  5 &Y 6 May 

4 May 
I 1 8 5  5 May 

7 WY 
8 f i Y  19 25 19 21 19 16 27 23 11 15 17 23 5 14 20 17 2 3 2  

Date R1 R2 R3 R4 R1 R2 R3 R4 R1 R2 R3 R4 R1 R2 R3 R4 R1 R2 R3 R4 R1 R2 R3 R4 

I 

6mY 6 6 1 3 1 7  4 3 8 1 3  1 1  1 3  
25 24 30 17 11 13 17 26 6 6 17 21 1 2 6  

9 May 16 14 12 18 16 21 23 16 22 19 19 25 27 23 28 32 11 9 23 24 
10 May 11 18 9 9 9 14 18 13. 9 16 17 11 22 18 .20 21 15 16 20 25 4 1 3 8 
11 May 7 5 4 7  8 9 3 6  1 1 7 6 4  9 1 5 1 4 9  1 2 1 3 1 6 9  1 7 3 2 3 1 6  
12 May 1 9 6 5 4  3 2 7 3  4 1 0 , 8 8  9 8 7 1 0  1 0 1 1 2 2 1 4  
13 May 5 5 4 2  3 2 6 3  3 5 3 3  8 5 7 2  1 0 4 7 4  1 6 1 8 1 0 1 4  
14 May 1 4 2 1  2 1 1 3  2 3  1 2 8 7 7  5 3 7 6  1 0 9 8 1 6  ! 

15 May 2 2 6 3  1 3 5  1 1 1  6 4 6 5  4 1 0 4 9  8 9 1 1 9  
16 May 2 1 1  3 2 1  2 1 1  6 3 1 2  4 3 3 3  6 9 1 0 5  

l8May 1 1  1 1 1  1 3 2 1  1 2 1  6 , 
17 May 1 1 2 1  2 2 1  3 1 1  1 2 2  2 2 1 2  2 3 4 5  

19 May 1 1  1 1  1 6  1 2 2 1  
20 May 1 1 1 * 2  1 1 1 1  
21 May 2 1 1 1  1 1 1 2  1 1 1  1 2 2  
22 May 1 1 
23 May 1 1 1 

25 May 1 1 

27 May 1 

1 1  24 May 

26 May 

28 May 
29 May 
30 May 
31 May 1 
1 June 
2 June 
3 June \ 1  
28 June 1 

Total 102 109-114 104 87 90 117 117 76 78 91 95 92 103 118 115 82 71 93 97 79 67 97 99 

< 





Appendix Table 3e. McNary Dam passage dates for yearling chinook salmon released one km above Prosser Dam (Rl), at the 
headworks of the Chandler Canal (RZ), immediately below Prosser Dam (R3), at the Chandler facility outfall @4), 
or at the 1-82 bridge ( R 5 )  from 3-7 April 1992. Medians are in bold. 

Release Date 
Passage 3 April 4 April 5 April 6 April 7 April 
Date R1 R2 R3 R4 R5 R1 R2 R3 R4 R5 R1 R2 R3 R4 R5 R1 R2 R3 R4 R5 R1 R2 R3 R4 R5 
8 April 1 
9 April 2 1  2 
10 April 1 3  1 2  2 3  
11 April 1 1 1 1 
12 April 2 1 1  1 
13 April 2 2 1 1  1 1 
14 April 2 3 5 3  4 1 3 3 2  1 4 1 1  1 1 
15 April 6 5 7 7  3 3  1 2 1  1 1 1  
16 April 1 1 4 2 5  1 2 1 
17 April 3 1  2 3 1 2  
18 April 3 3 2 4  6 2 2 5 4  1 1 4 4 1  3 1 2  1 1 2  
19 April 4 7 6 2  3 4 8 9 8  4 7 3 4 5  2 5 4  5 1 1 1 5 7  
20 April 10 6 1 0  6 1 0  7 1 2 1 2 1 6 1 0  9 5 1 8 1 5  8 1 2 1 0  6 8 6 9 4 7 6 7 
21 April 3 5 1 0 4 4  5 7 1 2 1 0 2  1 0 1 3 5 7  2 7 6 5 3  7 6 1 7 8  

00 I 22April 5 6 4 7 8  4 1 3 1 2 4 3  1 0 8 6 9 6  6 7 1 5 8 7  9 6 6 8 6  
23April 2 3 4 4 5 3 8 9 5 1 4  8 1 1 2 0  8 9 1 2 1 0 1 0 1 4  8 12 9 1 2 1 1 1 0  
24 April 4 3 1 1  5 1 6 3 7  3 2 2 2 6  6 6 1 3 6 5  4 4 1 0 4 6  
25 April 1 2  1 3 1 3 2 2  2 4  3 3 1 4 2  3 5 6 3 3  

1 2 3  5 2 6  4 4 3 6  5 1 5 5 7  
27 April 1 1 1 1  3 3 1 2  4 1 6 2 1  
26 April 3 2 1 1 3  

28 April 1 1 2 1 1 3 2  1 2 1 1  2 
29 April 2 1 1 1 2  4 1  3 2  1 1  3 5  5 1 . 3  2 1 
30 April 2 2 1  3 1  3 3 1 3  2 1 1 5 5  2 3 3 3 4  
1 May 1 3 1  2 1 2 2  2 3 2 4 2  1 3 2 2 2  1 2 6 5 5  
2 May 1 1 2 2 2 1  1 2  5 4  2 4 5 6  3 2 2 5 8  
3 May 1 1 1  2 1 1 1 2  2 1  2 3 2 1 3  4 2 1 2 3  
4 May 2 1 1 1 2 1 1  1 1 2 3  2 2 1 2  
5 May 1 1  1 1 1 2  1 1  2 3 2 2  1 3 1 4 2  
6 May 1 1 1 2 1 . 1  1 1 1 2 
7 May 2 1 1  2 
8 May 1 1 1  2 
9 May 1 1 

11 May 1 1 

13 May , 1  1 

10 May 

12 May 

Total 58 55 70 68 72 72 67 92 87 94 77 62 92 79 91 69 68, 88 81 76 65 63 83 86 98 



1 

Appendix Table 3f. McNary Dam passage dates for yearling chinook salmon released one km above Prosser Dam (Rl), at the headworks of the 
Chandler Canal (R2), imknediately below Prosser Dam (R3), at the Chandler facility outfall (R4), at the 1-82 bridge (RS), or 
immediately below the main PIT-tag detector in the Chandler facility (R6) from 14-22 April 1992. Medians are in bold. 

Release Date 
Passage 14 April 16 April 18 April 20 April 21 April 22 April 

18 April 1 
19 April 1 1 1  
20 April 1 2 2  1 1 
21 April 1 2 2 3  I 1 1 3  1 
22 April 9 5 4 8 3  1 6 3 1 4  1 2 7 2 3  
23 April 10 7 9 1 2  6 12 3 9 1 0 1 3  10 8 7 9 4 2 
24 April 8 5 1 1 3 7  8 3 6 4 3  4 4 5 5 7  1 2 5 1 3  2 
25 April 1 1 6 8 7  3 2 7 4 9  8 4 1 0 5 7  4 2 5 5 4 6  1 1 1 1  
26 April 6 3 4 1 1 4  3 9 9 7 5  5 1 1 6 6 9  3 2 7 6 6 7  1 2 , 7  3 1 1 1 
27 April 1 1 3 3 3  2 2 1  5 4 5 7 7 1  3 1 4 6 3 4  3 2 5 4 2  2 2 3 3 3  
28April ' 3 2 2 1 2  1 2 4 1 4  3 4 1 3 8  4 3 4 3 5 7  4 3 3  2 2  1 2 1 3 5 3  

Date R1 R2 R3 R4 R5 R1 R2 R3 R4 R5 R1 R2 R3 R4 R5 R1 R2 R3 R4 R5 R6 R1 R2 R3 R4 R5 R6 R1 R2 R3 R4 R5 R6 
17 April 

29 April 2 4 1 3 3  5 3 2 5 5  3 4 5 6 6  8 1 1 1 2 8 7  8 4 8 1 2 6 4  2 4 4 4 2 4  
30 April 2 4 5 3 3  1 3 6 2 3  1 4  8 4 5 7 1 0  3 3 7 1 0  ' 6  8 1 2  6 1 1  6 7 7 6 6 2 7 
1 May 4 4 1 5 2  5 6 2 6 1  4 2 4 7 5 5 1 2  7 9 1 3  4 1 4 1 0  4 7 1 5  8 5 6 ' 1 4 1 8  8 8 
2 May 7 2 3 4 5  3 4 1 3 3  3 4 2 5 5 7 4 6 9 4 7 6 1 3  7 1 2 1 0  9 9 1 1  9 1 2 1 8  9 
3May 2 3 2 2 1  2 1 1 2 2  3 3 2 3 4  3 3 4 . 2 3 3  4 4 5 7 5 6  4 1 0 9 6 1 0 7  
4 May 1 1 2 1  4 3 2 2  1 3 2  4 1 3 1 4 6  2 2 4 2 5 4  
5 May 2 1 1  4 5 1 2 4  3 1 2 2 3  1 4 5  4 4 2 2 3 3  
6 May 1 4 , 5  1 1 2 1 2  3 2 1 1 3 3 4 3  
7 May 3 1 1 1  3 1 2 2  1 3 1 1 3 1  2 5 1 4 3  
8 May 1 2 1 3  1 1 5 1 1  1 2 2 1 2  1 
9 May 1 1  2 1  1 2 2  1 3 2  1 1  2 3 1 1  
10 May ' 1 2 1 1  3 1 1 2  2 4 4 2 2  2 2 1 1 1 1 1  1 1 1  2 P  
11 May 1 2 1 1  1 2 1 1 1  2 2 1  1 , l  1 1  

13 May 1 1 1 2 1 
14 May 1 1 1 1  1 1  1 
15 May 1 I ' 1  1 1 1 1 
16 May 1 1 1  1 1 1 
17 May 1 1 
18 May 1 1 1 1 
19 May 1 1 
20 May 1 
11 June 1 

Total 62 51 70 78 61 61 58 62 57 73 63 62 72 71 78 56 54 68 64 71 80 56 61 61 75 80 60 45 57 66 69 68 65 

2 1 2  

12 May 1 1  2 1 1  2 2 2 1 1  1 1 1 2 2 1  



Appendix 

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 M a y  
15 May 
16 May 
17 May 
18 May 
19May ' 

20 May 
21 May 
22 May 
23 May 
24 May 
25 May 
26 May 

28 May 
29 May 
30 May 
11 June 

27 May 

Table 3g. McNary Dam passage dates for coho salmon released one lim above Prosser 
Dam (Rl), at the headworks of the Chandler Canal (R2), immediately below 
Prosser Dam (R3), at the Chandler facility outfall @4), at the 1-82 bridge 
(R5), or immediately below the main PIT-tag detector in the Chandler 
facility (R6) from 28-30 April 1992. Medians are in bold. . 

Release Date 

R1 R2 R3 R4 R5 R6 

2 1 3 2 2 1  
17 16 18 19 14 18 3 4 8 6 3  1 
2 1 1 3 2 4 2 2 1 4 1 9  7 9 1 3 1 8  9 9 1 2 4 7 8 3 

8- 8 3 8 10 7 17 15 18 18 14 12 15 18 21, 23 22 la 
6 6 7 3 5 5 11 12 7 7 12 11 36 13 24 14 16 9 
4 2 2 3 3 5 12 5 4 8 4 8 1310 8 1 0 1 2  8 

Passage 20 April I 21 April 22 April 
Date R1 R2 R3 R4 R5 R6 R1 R2 R3 R4 R5 R6 

1 

1 1 1 1 1 1 1 1  1 5 4 3 2  
1 1 1 2  4 5 1  3 2  1 1 1 3 4 '  

1 1 1 2 1  1 2 1  2 1 1 2  
1 1 2 3 1 1  1 4  1 1  1 

3 1 1 1  3 4 1 3 3 ' 2  1 1 1 1 3  
1 2  4 2 4 2 3 1  1 1 3 2 2  
2 1 1 1  ' 1  

1 1 1 1 1  
1 

1 
I 1  

1 

1 

1 

1 1 

1 

1 

2 
1 

1 

1 1 





Appendix Table 3i. McNary Dam passage dates for yearling chinook salmon released one kn; above Prosser Dam (Rl), at the headworks 
\ of the Chandler Canal (R2), immediately below Prosser Dam (W), at the Chandler facility outfall (R4), or at the 1-82 

bridge ( R 5 )  from 12-27 May 1992. Medians are in bold. 
i 

Release Date 
Passage 12 May 13 May 21 May 22 May 23 May 27 May 
Date R1 R2 R3 R4 R5 R1 R2 R3 R4 RS R1 R2 R3 R4 R5 R1 R2 R3 R4 R5 R1 R2 R3 R4 RS R1 R2 R3 R4 R5 
18May 1 
19 May 1 1  1 1 
20 May 1 2 1  2 2 
21 May 1 1 3 2  1 3 ’  

I 22May 1 2 1 3  2 1 3 3 1  
23 May 1 2 2 1  3 4 4  
24 May 1 3 1 2 2  
25 May 1 1 5 2  
26 May 2 1 1 4 
27 May 1 1 4  1 
28 May 1 1  1 1  
29 May 1 1 1 
30 May 1 1 1 1  1 1 
31 May 1 1 1  1 
1 June 1 1 
2 June 1 1 
3 June 1 1 

oo 4June 1 1 1 
\o 5 June 1 1 

6 June 1 
7 June 1 1 <  
8 June 1 
9 June 1 1 1 1 1 
10 June 1 2 3 4  1 1 2 3 4  1 1 1  
11 June 5 3 5 1  1 2 3 1 6  3 1 t 1  1 1  1 
12 June 4 7 3 2  2 3 2 5 4  1 2 2  1 1 1 1  
13 June 2 2 , 6 2 7  3 5 4 4 7  3 2 4 2  1 
14 June 1 1 3 2 5  1 5  4 1 1  2 2  1 1  5 4  1 1  
15 June 2 1 2 2  5 1 2  1 1 5 2  2 1  3 1  1 
16 June 1 2 1 2 1 1  1 1 1 3  3 1 1  2 1 2  
17 June 2 1 2 1 1 1 1 1  2 1 2 1 

1 1 1  18 June 2 1 1 2 1  1 1  1 2  2 1 2  1 
19 June 1 2 1  1 1  2 1 1  1 1 1 1  1 1 

1 
1 

2 2 1 1  2 2  

~ .. 

20 June 1 1 1 2  1 1 1 1  1 ,  1 
21 June 1 1 1 1 1 
22 June 1 1 1  
23 June 1 1 1  1 
24 June 1 1 
25 June 
26 June 
27 June 1 1 
28 June 1 1 1 \ 

Total 22 8 33 36 35 17 19 53 36 50 10 10 20 21 15 3 3 9 12 12 5 1 9 9 7 1 2 6 5 7 

1 



Appendix Table 3j. McNary Dam passage dates for yearling 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 @4), or 
at the 1-82 bridge (€25) in June 1992. 

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 
5 July 
6 July 
7 July 
8 July 
18 July 
21 July 

Release Date 

R1 R2 R3 R4 R5 
Passage 2 June 3 June 4 June 
Date 
14 June 

R1 R2 R3 R4 R5 RlR2R3R4R5 

1 
1 

1 

1 

I 

1 

1 

1 
1 '  

- 1  

1 1  

1 
1 1  

2 

1 
1 1  

1 

1 

1 

1 
1 

1 
1 

1 

1 

Total 2 6 0 0 0  8 7 1 0 1  2 2 0 2 0  

90 



Appendix Table 4. Detection history totals for PIT-tagged yearling chinook and coho salmon released one km above Prosser Dam 
(Rl), at the headworks of the Chandler Canal (R2), immediately below Prosser Dam w), or,at the Chandler 
facility outfall (R4) in 1991. Abbreviations: CHF-Chandler facility; MCN-McNary Dam; Det-Detected. . . 

R1 R2 R3 R4 
Det Det Det Det Det Det Det Det 

Release Not at at at Not at at at Not at Not at 
Date Det CHFMCN Both Det CHFMCN Both Det MCN Det MCN 
Yearling chinook salmon 
14 April 35 63 21 31 ’ 2 88 0 59 83 67 80 70 
15 April 58 58 51 33 6 107 2 85 110 90 106 94 
16 April 34 92 27 47 2 118 0 80 118 82 119 81 
17 April 33 92 24 51 9 122 1 68 91 109 115 85 
22 April 49 57 37 57 11 113 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 4 107 1 88 - 103 97 112 89 
25 April 64 46 51 64 8 121 0 96 117 108 107 118 
26 April 37 78 29 80 6 105 1 112 109 116 108 117 
1 May 9 114 4 98 12 104 0 109 111 114 121 104 
2 May 13 125 1 86 6 129 0 90 108 117 108 117 
3 May 14 110 9 67 10 112 1 77 106 94 105 95 
4 May 13 145 1 91 5 142 2 101 132 118 135 115 
5 May 7 111 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 15 108 6 46 6 109 1 59 107 69 103 72 
17 May 18 121 7 54 3 141 0 56 144 56 145 55 
18 May 9 130 0 61 4 138 1 57 127 73 133 67 
21 May 31 113 8 48 1 128 1 70 139 61 125 75 
22 May 28 137 5 30 7 159 1 33 153 47 166 34 



Appendix Table 5. Detection history totals for PIT-tagged yearling chinook and coho 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 1-82 bridge (RS), or immediately below the main PIT-tag detector in the Chandler facility (R6) in 
1992. Abbreviations: CHF-Chandler facility; MCN-McNary Dam; Det-Detected. 

R1 R2 R3 R4 R5 R6 
Det Det Det Det Det Det Det Det Det Det 

Release Not at at at 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 
3 April 1,4 52 3 55 7 63 1 54 55 70 57 68 53 72 0 0 
4 April 16 87 3 69 18 88 0 67 83 92 87 87 81 94 0 0 
5 April 16 57 10 67 4 88 ~ 0 62 56 %92 71 79 59 91 0 0 I 

6 April ~ 11 70 2 67 14 68 3 65 62 88 69 81 74 76 0 0 
7 April 31 54 16 49 44 42 17 46 66 83 64 86 52 98 0 0 
14 April 14 48 5 57 12 62 1 50 55 70 47 78 63 61 0 0 
16 April 15 47 0 61 8 98 0 58 60 62 65 57 51 73 0 0 
18 April 17 45 11 52 7 56 2 60 52 72 54 71 47 78 0 0 

8 20April 21 48 10 . 46 16 54 0 54 51 68 61 64 54 71 45 80 

12 May 68 31 8 15 84 29 0 8 78 33 85 36 84 35 0 0 
13 May 61 46 4 13 61 44 0 19 72 53 89 36 71 50 0 0 
21 May 35 79 2 8 38 77 0 ' 10 101 20 I 104 21 103 15 0 0 

1 22May 58 63 0 3 63 56 0 3 114 9 112 12 107 12 0 0 
23 May 58 61 0 5 62 59 1 0 115 9 115 9 118 7 0 0 
27 May 32 91 0 2 32 88 0 2 119 6 119 5 118 7 0 0 
2 June 63 58 0 2 52 65 1 5 123 0 122 0 114 , 0 121 0 
3 June 66 47' 1 7 65 52 1 6 118 1 122 0 122 1 119 0 
4 June 83 27 0 2 72 45 0 2 112 0 112 2 118 0 123 0 

Coho salmon 
28 April 9 51 8 56 6 71 0 48 64 61 64 61 68 56 62 63 

68 56 29 April 6 50 1 68 8 55 1 55 65 58 58 67 65 59 

5 May 3 93 0 29 3 86 0 36 73 52 80 45 72 53 80 45 
76 49 75 50 84 41 6 May 9 86 1 29 5 80 1 39 65 60 

1 

21 April 14 55 9 47 10 53 0 61 64 61 50 75 45 80 65 60 
22 April 23 50 4 , 41 13 55 1 56 56 66 56 69 57 68 60 65 

30 April 1 48 2 71 2 70 0 53 58 66 57 68 51 71 47 37 

7 May \ 6 79 0 40 3 77 1 44 74 51 71 54 74 51 63 62 



Appendix Table 6. Method-of-moment initial parameter estimates for iterative maximum 
likelihood analyses in 199 1. Abbreviations: S 1 -Prosser Dam forebay 
survival; SZ-Chandler Canal survival; S3-Prosser Dam to the Chandler facility 
outfall survival; SMl -Chandler facility outfall to McNary Dam survival and 
detection at McNary Dam; D-diversion proportion into the Chandler Canal; 
SA-Chandler facility to outfd survival; P-detection proportion at the 
Chandler facility. 

Release 
Date s1 s2 s3 SMl D SA P 
Yearfing chinook salmon 
14 April 1.021 0.987 0.957 0.467 0.626 0.860 1.000 
15 April 1.155 0.983 0.957 0.470 0.410 0.942 0.977 
16April ’ 1.095 0.990 1.O1ZL 0.405 0.641 0.998 1 .ooo 
17 April 0.967 0.964 1.282 0.425 0.779 0.842 0.986 
22 April 0.930 0.945 1.247 0.365 0.648 1.102 1 .ooo 
23 April 0.918 0.925 0.978 0.445 0.473 0.940 1.000 

25 April 0.866 0.964 0.915 0.524 0.585 0.844 1 .ooo 
26 April 0.977 0.977 0.991 0.520 0.746 0.993 0.991 
1 May 1.034 0.947 1.096 0.462 0.962 . 1.107 1 .ooo 
2 May 0.977 0.973 1 .ooo 0.520 0.991 0.790 1 .ooo 

24 April 0.964 0.986 1.090 0.443 0.537 1.019 0.989 

3 May 1.030 0.957 0.989 0.475 0.910 0.858 0.987 
4 May 0.964 0.991 1.026 0.460 1.008 0.904 0.981 
5 May 0.985 1.001 \ 0.959 ’ 0.485 1.026 0.73 1 0.944 

0.495 1.114 0.856 0.582 7 May 1.093 0.790 0.980 

Coho salmon 
16 May 1.006 0.976 0.958 0.411 0.912 0.854 0.983 
17 May 1.003 0.985 1.018 0.275 0.885 1.034 1.000 
18 May 0.966 0.992 1.090 0.335 1,014 0.873 0.983 
21 May 0.955 1.004 0.813 0.375 0.851 0.943 0.986 
22 May 0.953 0.989 1.382 0.170 0.913 1.011 0.971 





Appendix Table 8. Sampling error pre&sion of the daily parameter estimates @e., model-based 
standard errors) for maximum likelihood analyses in 199 1. Abbreviations: 
SI-Prosser Dam forebay survival; SZChandler 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-detection 
proportion at the Chandler facility. 

Release 

15 April 
16 April 
17 April 
22 April 
23 Aprilb 
24 April 
25 April 
26 April 
1 May 
2 May 
3 May 
4 May 
5 May 
7 May" 

Mean 

Coho salmon 
16 May 
17 May 
18 May 
21 May 
23 May 

Date s1 s2  s3 SM1 D SA P 
Yearling chinook salmon 

a 14 April 0.062 0.009 0.121 0.041 0.057 0.097 -- 
0.073 0.016 0.104 0.035 0.049 0.091 0.017 
0.055 0.007 0.122 0.035 0.049 0.103 -- 
0.040 0.017 0.134 0.035 0.041 0.093 0.014 
0.060 0.016 0.151 0.034 0.049 0.137 -- 
0.063 0.01 1 0.118 0.035 0.048 0.106 0.01 1 
0.060 0.012 0.086 0.033 0.046 0.079 -- 
0.040 0.012 0.090 0.033 0.041 0.080 0.009 
0.023 0.015 0.107 0.033 0.017 0.092 -- 
0.020 0.01 1 0.091 0.033 0.009 0.068 -- 
0.03 1 0.017 0.105 0.035 0.03 1 0.082 0.013 
0.018 0.012 0.098 0.032 0.015 0.077 0.014 
0.024 0.021 0.101 0.035 0.028 0.078 0.025 

0.044 0.014 0.110 0.035 0.037 0.091 0.015 

0.035 0.018 0.124 0.037 0.037 0.096 0.018 
0.043 0.009 0.164 0.032 0.043 0.150 -- 
0.018 0.010 0.149 0,033 -- 0.1 15 -- 
0.045 0.01 1 0.114 0.034 0.048 0.104 0.015 
0,050 0.027 0.279 0,027 0.050 0.200 0.028 

Mean 0.038 0.015 0.166 0.033 0.045 0.133 0.020 
a Dashes indicate no standard error as parameter estimate was assumed to be 1 .OOO. 

No estimates calculated due to poor mixing at McNary Dam. 
No estimates calculated due to Chandler facility PIT-tag detector malhnction. 





Appendix Table 10. Yakima River water temperature and flow on test dates when survival 
parameters were estimated in 1991 and 1992. 

Yakima Prosser Prosser Chandler 

water water water water 
River Dam Forebay Dam Tailrace canal 

Release temperature flow flow flow 
date ~ ("C) (cm) (-1 (ems) 
14April1991 10.0 1 15.9 75.9 40.0 

17 April 1991 
1 22 April 1991 

23 April 1991 
24 April 1991 
25 April 1991 
26 April 1991 
1 May 1991 
2 May 1991 
3 May 1991 
4 May 1991 
5 May 1991 
16 May 1991 
17 May 1991 
18 May 1991 
21 May 1991 
23 May 199 1 

10.0 
10.0 
9.4 

12.8 
12.8 
12.2 
11.1 
10.6 
12.8 
13.3 
13.3 
14.4 
14.4 
14.4 
13.9 
13.9 
15.0 
16.1 

3 April 1992 14.4 
4 April 1992 13.3 
5 April 1992 12.2 
6 April 1992 11.1 
14 April 1992 12.8 
16 April 1992 15.0 
18 April 1992 13.3 
20 April 1992 12.8 
21 April 1992 12.2 
22 April 1992 11.7 
28 April 1992 16.7 
29 April 1992 17.2 
30 April 1992 16.1 
5 May 1992 17.8 
6 May 1992 18.3 

13 May 1992 16.1 
2 1 May 1992 17.8 
22 May 1992 17.2 
23 May 1992 18.9 
27 May 1992 20.6 
2 June 1992 22.2 
3 June 1992 21.1 

7 May 1992 20.0 

129.7 
128.7 
128.1 
124.6 
136.4 
145.1 
133.0 
115.9 
75.7 
71.9 
70.7 
70.4 
71.3 
90.1 
85.5 
87.9 

104.4 
105.9 

49.1 
52.7 
58.6 
57.6 
58.3 
54.4 

' 8a.9 
97.3 
84.8 
70.3 
48.9 
52.4 
63.8 
56.1 
51.1 
49.2 
42.5 
44.8 
41.3 
39.4 
44.9 
31.3 
31.7 

89.9 
88.9 
88.0 
85.1 
96.7 

105.7 
93.9 
76.2 
35.2 
31.8 
30.5 
30.3 
31.0 
49.5 
45.0 

' 47.3 
63.2 

' 64.5 

12.4 
15.5 
20.7 
20.2 
28.1 
19.2 
42.9 
59.6 
47.1 
33.0 
13.8 
16.9 
27: 1 
19.8 
15.9 
14.9 
20.3 
18.3 
16.8 
17.0 
19.3 
7.6 
7.9 

39.8 
39.8 
40.0 
39.5 
39.7 
39.4 
39.1 
39.6 
40.5 
40.2 
40.2 
40.1 
40.2 
40.6 
40.5 
40.6 
41.2 
41.4 

36.8 
37.2 
37.9 
37.4 
30.2 ~ 

35.2 
38.0 
37.7 
37.7 
37.3 
35.2 
35.5 
36.7 
36.3 
35.2 
34.4 
22.2 
26.5 
24.5 
22.5 
25.6 
23.6 
23.8 

4 June 1992 22.2 34.2 10.1 24.1 
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