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EXECUTIVE SUMMARY 

In 1997, the National Marine Fisheries Service initiated a study at The Dalles Dam to 

evaluate survival of juvenile Pacific salmon ( Oncorhynchus spp.) when 64% of the river flow 

was passed through the spillway. The high spill is presumed to provide increased protection for 

the migrants. Research has generally found that survival of fish passed through spillways at 

dams on the Columbia and Snake Rivers is higher than for fish passed through turbines. 

However, at The Dalles Dam, two conditions associated with the spillway under high spill levels 

are unlike other dams: 1) the stilling basin is shorter and the tailrace is shallower, resulting in 

severe turbulence that may cause physical injury to migrant salmon; and 2) the large proportion 

of water that passes through the shallow area may substantially increase predation on salmonids 

by gulls, (Larus spp.) and northern squawfish (Ptychocheilus oregonensis). 

Approximately 43,000 yearling coho salmon (O. ldsutch) (April and May) and 53,000 

subyearling fall chinook salmon (0. tshawytscha) (June and July) were collected from the 

juvenile bypass system at Bonneville Dam Second Powerhouse and tagged with passive 

integrated transponder (PIT) tags. Half were released upstream from the spillway at The Dalles 

Dam and half downstream at a site away from turbulence and predation. After migrating through 

74 km ofreservoir, a portion of the test fish passed through the Bonneville Dam PIT-tag 

interrogation equipment located in the juvenile fish bypass systems An average of 12.0% of the 

coho salmon and 14.1 % of the subyearling chinook salmon released into the tailrace of The 

Dalles Dam were interrogated at Bonneville Dam. Relative survival estimates for spillway 

passage were 87.1% [95% confidence interval (CI): 80.4- 93.9%] for coho salmon and 92.1% 

(CI: 85.5 - 98.7%) for subyearling chinook salmon. There were no apparent survival trends 
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related to the date of release, the spill bay through which passage occurred, or the volume of 

water flow through the spillway or individual spillbays. Survival appeared higher for fish that 

passed the spillway at night compared with those that passed during the day. However, 

recoveries of fish were insufficient for this difference to be statistically significant (P > 0.05). 

Results of this study suggest that when 64% of the river flow is passed through The Dalles 

Dam spillway at high river volumes (spring flows ranged from 379,400 to 526,500 ft3/second and 

summer flows ranged from 242,200 to 529,100 ft3/second), survival of juvenile salmon passed 

through the spillway is lower than at other dams (generally considered to be about 98% ). Based 

on limited hydroacoustics data at The Dalles Dam, the efficiency of spill for passing fish appears 

to decrease above 30% spill and 80% fish passage efficiency may be achievable at spill volumes 

lower than 64% of the river flow. Thus, passage survival of juvenile salmonids at spill rates 

lower than 64% warrants further investigation at The Dalles Dam. 
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INTRODUCTION 

The spillway at The Dalles Dam has been selected as the best passage route for juvenile 

salmon ( Oncorhynchus spp. ), and spill volumes have been increased to 64% of river flow to 

attain 80% fish passage efficiency (FPE). High volumes of spill at The Dalles Dam produces 

levels of total dissolved gas (TOG) which are lower than at other dams. For example, high 

volumes of spill at The Dalles Dam during 1996 produced levels of TOG which were less than 

120% of saturation, the maximum approved by the state water quality agencies. Because TOG 

is not a spill limiting factor at The Dalles Dam, other alternatives for increasing FPE--surface 

collectors or turbine intake screens with an upgraded sluiceway and or bypass system--were 

thought unnecessary in lieu of increased spill. 

Observations made at The Dalles Dam and at the Waterways Experiment Station (WES) 

model of the dam have raised concerns about passage survival of juvenile salmonids during 

high spill. Heavy turbulence, back eddies, and lateral flow in the spillway stilling basin and 

water flows passing through Threemile Reef (Bridge Islands) downstream from the dam might 

cause higher than expected mortality (Fig. 1 ). Substantial predation by northern squawfish 

(Ptychocheilus oregonensis) and gulls (Larus spp.) may occur in the reef and islands area, 

based upon northern squawfish abundance and stomach content evaluations (Ward et al. 

1995) and observations of salmonid smolts carried off by gulls (Jones et al. 1997; John 

Snelling, Oregon Coop. Fish. Research Unit, Oregon State University, Corvallis OR 97331-

1961, pers. commun., November 1997). Balloon-tag tests conducted in 1995 (Normandeau 

Associates et al. 1996) corroborated concerns that higher than acceptable mortality may be 

occurring in the spillway stilling basin at The Dalles Dam. 
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Figure 1. Overview of The Dalles Dam and tailrace area. Spillway and reference 
group release locations used in the 1997 evaluation of relative survival of 
juvenile coho and subyearling chinook salmon are shown, as well as the 
position of the main channel in relation to the shallow island areas 
downstream from the dam. 
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In 1996, we began discussions with the U.S. Army Corps of Engineers (COE) on means to 

test the premise that high spill levels at The Dalles Dam produce high survival for migrating 

juvenile salmonids. Fish tagging methods available for a comprehensive assessment of spill 

passage survival at The Dalles Dam were: 1) balloon tags, 2) coded-wire tags, and 3) passive 

integrated transponder (PIT) tags. We believe that balloon tags are appropriate to evaluate 

immediate and direct injury and mortality from dam passage, but they will not provide evaluation 

of indirect mortality during passage through the downstream tailrace and reservoir. Coded-wire­

tag technology provides the ability to effectively evaluate both direct mortality as well as indirect 

mortality from predation during passage through the river downstream; however, results are 

dependent on adult returns and the number of fish necessary for the study would be unacceptably 

large (hundreds of thousands). Thus, we selected PIT tags because they provide the only feasible 

method to evaluate both direct and indirect mortality using acceptable numbers of test fish. 

Our study objective was to estimate the relative survival of juvenile coho salmon ( 0. 

ldsutch) and subyearling fall chinook salmon ( 0. tshawytscha) passing through The Dalles Dam 

spillway when 64% of river flow passed through the spillway. 

METHODS 

We captured run-of-the-river juvenile coho and subyearling fall chinook salmon 5 to 7 

days/week from the Second Powerhouse at Bonneville Dam in late ApriVearly May and late 

June/early July, respectively. We PIT tagged 500 to 4,000 fish daily and divided them equally 

among treatment and reference groups. The tagged fish were then transported to The Dalles 

Dam and held for 1 day before release upstream from selected spillbays (treatment groups) or in 

the midstream area of the tailrace (reference groups). Subsequently, PIT-tag detections from 
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Bonneville Dam First and Second Powerhouses were used to determine relative survival rates of 

the treatment groups in relation to reference groups. 

Juvenile salmon for each day's marking were captured during a 12- to 24-hour period from 

the fish bypass system at Bonneville Dam Second Powerhouse. As migrants passed out of the 

bypass collection channel, they slid across a dewatering screen onto horizontal bars positioned to 

separate juvenile salmon from larger fish and debris. Upon separation, juvenile fish and water 

were directed through a 25-cm ( diameter) PIT-tag detector tunnel to a 2-way slide gate where 

PIT-tagged fish were sent to the downwell and back to the river, while non-tagged fish were sent 

through a 20-cm pipe to the juvenile fish sampling room (Appendix A). At the sampling room, 

fish were collected in 5.5 m x 91 cm x 86 cm deep raceways and held for marking. 

Marking commenced at about 0800 hours. After fish were anesthetized, target fish were 

sorted, electronically scanned for PIT tags, and tagged in equal portions as treatment and 

reference groups. Selection by size was not performed, but descaled and injured fish were not 

used as test animals. Non-target fish and the occasional PIT-tagged target fish (which was not 

diverted back to the river at the slide gate) were allowed to recover from anesthetic and were then 

released into the downwell connecting to the bypass egress conduit. Tagged treatment and 

reference groups were placed in 95-L plastic holding containers. After loading 100 coho or 200 

subyearling chinook salmon, the containers were maintained with an 8-11 L/minute water flow 

until transport. 

Generally, holding containers were transported by truck to The Dalles Dam in early 

evening. During the 1-hour transport, a small amount of oxygen was metered into containers 

through air stones. At The Dalles Dam, water was distributed to each container at a rate of 

8-11 L/minute. Fish were generally held until the following morning or the following night, then 
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released. At the beginning of the release period, containers were loaded on a truck, oxygen 

added, and either taken to the spillway or tailrace for release. 

At The Dalles Dam during holding on May 13, some gas bubble disease mortality occurred. 

All treatment groups experienced the same exposure. Because of continued high dissolved gas 

levels at The Dalles Dam, coho salmon released from 14 to 22 May were held overnight at 

Bonneville Dam, then transported immediately prior to release. Dissolved gas levels in the fish 

handling facilities at Bonneville Dam did not surpass 112% of saturation and no signs of gas 

bubble disease were observed during fish holding. 

Test Conditions 

Tests were designed to evaluate spill levels of 64% of river flow; however, the actual 

conditions averaged 65% for coho salmon and 63% for subyearling chinook salmon (Appendix 

Tables B 1-B4). Passage conditions through each spillbay were different and changed through 

time in association with changes in river flow and hour of the day. Spill gate openings varied for 

each spill bay based on the established spill patterns (COE 1997) developed to maximize 

survival of juvenile fish without disrupting adult fish passage during the day. For these tests, 

flow patterns and volumes were not altered from normal operation criteria. 

We calculated the numbers of test fish necessary to gain sufficient statistical precision for 

survival data ( 6% and 7% difference between treatment and reference groups for coho and 

chinook salmon, respectively) and spread releases throughout the migration period over the 

complement of spillbays, and between daylight and darlrness (Appendix Tables BS and B6). 

Test fish were released through all spillbays in proportions similar to juvenile salmonid 

distributions derived by hydroacoustic evaluations made in 1996 (BioSonics 1997). Half the test 

fish were released during daylight and half during darlrness. 
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Release Methods, Locations, and Times 

Generally, daily releases of 300 to 2,000 fish were made in both the forebay and tailrace of 

The Dalles Dam spillway during 2- to 6- hour periods from 27 April to 22 May and 19 June to 16 

July, respectively, for coho and subyearling chinook salmon (Appendix Tables Bl-B4). Tailrace 

(reference groups) releases were delayed about 5 minutes from releases in the forebay. Releases 

generally alternated between daylight and dark periods throughout the peak migration period of 

the test species. Spillway fish releases (treatment groups) were made using a crane-supported 

release canister which held a 95-L plastic container holding 100 coho or 200 subyearling chinook 

salmon. 

Daily complements of treatment fish were released in front of 4 to 8 open spillbays 

midway between pier-noses, 5 to 9 m upstream from the spillbay gate and at 4 to 5 m depth 

( depending on the gate opening) where water velocities ranged from 0.4 to 1.5 ml second (Fig. 2; 

Appendix Table B7). Based on visual observations of dye movements through the WES model, 

we believe that fish released at this general location passed through the spillbay opening without 

contacting the bottom edge of the gate. On two coho salmon release days, additional groups 

were released through a hose to compare survival rates with canister-released cohorts. The hose, 

attached to the spillway bay piemose, extended from 2 m above the spillway deck to a water 

depth of 4.5 m (hydraulic head of 10 ni). 

For both daylight and night releases, the sequence of releases alternated from north to 

south, beginning at one end of the spillway. Generally, fish were released at one bay within each 

quadrant of the spillway: north Bays 1-5, north/middle Bays 6-11, south/middle Bays 12-17, and 

south Bays 18-23 (Bay 23 was out of service during the coho salmon test period). Fish releases 

were distributed to approximate fish passage observed with hydroacoustics in 1996 (BioSonics 
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Figure 2. Spillway transverse section at The Dalles Dam, showing depth and location 
(relative to spillway gates) at which test groups of PIT-tagged juvenile coho 
salmon and subyearling chinook salmon were released during 1997. 
Corresponding reference groups for the relative spillway survival study were 
released just downstream from the Highway 97 Bridge. 
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1997). About half of the test fish were released at night and half during day, which 

approximated the distribution of feral fish (Appendix Table B 1-B4). 

Tailrace (reference) fish releases were made by pouring fish and water from 95-L plastic 

containers (fish densities identical to that of spillway releases) over the side of a small boat. 

The location was downstream from the dam at the proposed site for the new bypass system 

outfall (Fig. 1). This site is about 70 m from the Washington shore, about 0. 7 km downstream 

from the spillway, and about 30 m downstream from the Highway 97 Bridge in an area of high 

water velocity. At this location, released fish are thought to generally pass down the north side 

of the river away from predator sanctuary areas (John Snelling, Oregon Coop. Fish. Research 

Unit, Oregon State University, Corvallis OR 97331-1961, pers. commun., November 1997). 

Release times varied, but the median daylight release time was 1323 for coho salmon and 

0950 for subyearling chinook salmon, while the median nighttime release time was 0056 for 

coho salmon and 2323 for subyearling chinook salmon (Appendix Tables B 1-B4). The average 

time from the first to last release was 2.8 hours. 

Test Fish 

Juvenile coho salmon were used as test fish to evaluate spill passage survival at The 

Dalles Dam during the spring migration period. Coho salmon were used as a surrogate for 

spring chinook salmon to limit impacts to Snake River stocks listed under the Endangered 

Species Act. Subyearling fall chinook salmon were used as test fish during the summer 

migration period. Seasonal ranges and means of fork length were 118 to 177 mm averaging 

148 mm for coho salmon and 69 to 125 mm averaging 96 mm for subyearling chinook salmon. 

Coho salmon were primarily of hatchery origin from tributaries entering the Bonneville 

... 

-,.. 
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Reservoir; releases are published in weekly reports by the Fish Passage Center (Portland, OR). 

Subyearling chinook salmon were probably a large percentage from Little White Salmon 

National Fish Hatchery early in the tests. Latter releases were likely predominantly hatchery 

origin, but from many up-river sites. 

Migrant coho and subyearling chinook salmon were collected at Bonneville Dam during 

periods when they were the highest percentage of the juvenile salmonid outmigration. Based 

on previous work, we estimated that detection rates at Bonneville Dam of PIT-tagged fish 

released in The Dalles Dam tailrace would range from 10.5 to 22.4% for coho salmon and 7.3 

to 16.2% for subyearling chinook salmon (Dawley et al. 1997). To obtain the desired 

sensitivity of evaluation ( 6 and 7% detectable difference between treatment and reference 

groups for coho and chinook salmon respectively), the calculated numbers of fish necessary for 

release were 25,446 coho salmon per group (spillway or reference) and 27,693 fall chinook 

salmon per group. Evaluations of recovery percentages were made using analysis of variance. 

Data Analysis 

We tested the assumption of mixing between treatment and reference groups (i.e., 

homogeneity of passage distributions) with Chi-square tests for each release date, using a 

Monte Carlo approximation of the exact method to calculate P-values (Mehta and Patel 1992). 

P-values less than or equal to 0.05 were considered significant. 

We assessed the variability in detection percentages among release groups to determine 

whether data were within expected ranges. The analysis method was to simulate binomially 

distributed detection numbers, given the mean observed forebay and tailrace detection 

proportions and the actual release numbers then compare the variability (by standard deviation 
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and range) of relative survivals for the simulated data with the variability of the observed data. 

Two thousand simulations were conducted for each test, and the proportion of simulated standard 

deviations or ranges greater than those observed constituted a P-value for the null hypothesis that 

observed variability was not different from expected variability for binomially distributed data. 

RESULTS 

Coho Salmon 

On test days (27 April-22 May 1997) during hours of testing, average spill ranged from 

243,500 to 343,800 ft3/second; about 65% of river flow. Of21,590 PIT-tagged coho salmon 

released through spillways at The Dalles Dam, 1,860 (10.1 %) were detected as they passed 

through Bonneville Dam (Table 1). Of 21,772 PIT-tagged coho salmon released at the reference 

location just downstream from the Highway 97 Bridge, 2,217 (12.0%) were detected at 

Bonneville Dam. 

Relative survival percentages calculated for each release date or release date grouping 

ranged from 66.2% to 116.8% (Table 1 ). Overall relative survival for spillway-released coho 

salmon (unweighted mean for all release periods) was 87.1 % with a 95% confidence interval of 

80.4 to 93.9%. Correlations ofrelative survival to release date and average daily spill were poor 

(regression, R2 = 0.10, and R2 = 0.14, respectively; Fig. 3). 

Travel times through the 75-lan river reach from The Dalles Dam to Bonneville Dam were 

longer than expected based on river velocities. Median passage times were about 3 days and 

seasonal variation was unrelated to river flow (Appendix Table Cl). The longer than expected 
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Table 1. Relative survival by date for PIT-tagged juvenile coho salmon passing 

through the s~illway at The Dalles Dam2 1997. 

Seillway releases Tailrace releasesa Relative 

Spill Spill Release Observedb Release Observedb survival 

Date eatternc kcfsd no. no. % no. no. % %c: 

4/27-28f Day 232 881 81 9.2 960 100 10.4 88.38 

4/29 Day/Night 310 564 42 7.4 570 47 8.2 90.38 

4/30 Night 302 801 81 10. I 843 73 8.7 116.88 

5/2 Night 366 674 77 11.4 694 68 9.8 116.6g 

5/3 Day 263 642 62 9.7 660 78 11.8 81.78 

5/6 Night 239 507 71 14.0 532 91 17.1 81.98 

517c Day/Night 251 1,308 148 11.3 1,354 215 15.9 71.3g 

5/8 Night 259 1,599 183 11.4 1,602 236 14.7 77.7g 

5/9 Day 263 1,538 198 12.9 1,541 223 14.5 89.0h 

5/10 Day 245 1,535 154 10.0 1,722 261 15.2 66.2h 

5/11 Day 243 1,918 199 10.4 1,881 238 12.7 82.0h 

5/12 Night 379 1,724 157 9.1 1,671 185 11.1 82.3h 

5/13 Night 374 1,292 103 8.0 1,254 136 10.8 73.511 

5/14 Night 321 1,121 124 11.1 1,111 141 12.7 87.2h 

5/14 Day 302 1,748 197 11.3 1,659 183 11.0 102.2h 

5/15 Night 282 1,029 108 10.5 1,025 128 12.5 84.0h 

5/20 Night 335 1,573 126 8.0 1,563 136 8.7 92. lh 

5/21/22r Night 320 1,136 63 5.5 1!130 73 6.5 85.8h 

Total 21,590 2,174 IO.I 21,772 2,612 12.0 

Mean 87.1% 

95% Confidence Interval 80.4 to 93.9% 

a The tailrace releases were used as reference groups. 
b Pit-tagged fish were interrogated (unhandled) in the juvenile salmon bypass systems at 

Bonneville Dam. 
c Daytime spill patterns were in effect from 0500 to 2000. Nighttime spill patterns were in effect 

from 2000 to 0500. 
d Thousand cubic feet per second used due to regional convention; 1,000 ft3/second = 28.3 

m3/second. 
c: Relative survival defined as: (percentage of spillway-released coho detected at Bonneville Dam / 

percentage oftailrace-release coho detected at Bonneville Dam) x 100. 
r Groups combined because of small numbers at release. 
glb t-test comparing early slow migration (g) to late faster migrating (h) release groups 

suggests no difference of mean survival; t = 0.96, P = 0.35, df= 16. 
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migration time may have related to hatchery release timing. We believe that many of the test 

fish had recently migrated from tributary hatcheries entering the Bonneville Pool. The 

protracted residence was primarily for fish from the first half of the test period. Differences in 

relative survival between the early and late tests were not significant (t-test, t = 0.96, P = 0.35, 

df= 16; Table 1). 

Spill Pattern, Spillway Bay, and Gate Opening Analyses 

The numbers of coho salmon used were insufficient to fully evaluate survival effects due to 

spill pattern, spillway bay through which fish passed, or spillway bay gate openings. We did, 

however, examine these data for survival trends·related to these factors. 

To compare release treatments (variables of spill pattern, spill bay, and gate opening), we 

pooled tailrace-released reference groups for each release period. Evaluation of variation among 

detection percentages of tailrace-released reference groups showed no trends through time for 

either daytime or nighttime releases (analysis of regression, R2 < 0.01 Appendix Fig. Cl). 

Spill pattem--Relative survival for coho salmon passing through the spillway during 

daytime utilizing daytime spill patterns and during nighttime utilizing nighttime spill patterns 

varied substantially through time due primarily to small numbers of fish in each release group 

and showed no significant trend (Fig. 4). The seasonal averages were 82.6 and 85.2% for 

daytime and nighttime patterns, respectively (Fig. 5). However, the higher survival for nighttime 

spill passage was not significantly different from survival for daytime spill passage (ANOV A, F 

= 0.00, P = 0.99; Appendix Table C2). An 11. 7% difference between survivals would have been 

deemed significant at a= 0.05. 
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Figure 4. Relative survival index comparisons of spill pattern, spillway bay, and spillbay gate 
opening for PIT-tagged juvenile coho salmon and subyearling chinook salmon passing 
through the spillway at The Dalles Dam, 1997. Survival was relative to that observed for 
salmon not experiencing spillway or stilling basin passage. 
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Figure 5. Relative survival index comparisons of spill pattern, spillway bay, and spillbay gate 
opening for PIT-tagged juvenile coho salmon and subyearling chinook salmon passing 
through the spillway at The Dalles Dam, 1997. Survival was relative to that observed 
for salmon not experiencing spillway or stilling basin passage. 
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Spillway bay--Relative survival percentages through 22 spillbays ranged from 59.6% at 

Spillbay 9 to 97 .8% at Spillbay 21 (Fig. 6). These relative survival percentages were based on 

only 42 to 243 tag detections from coho salmon released in each spillbay, and consequently 

showed wide variation. There was no apparent trend in survival from one side of the spillway to 

the other (regression, R2 = 0.03). Both high and low relative survival values were noted in the 

north, center, and south sections of the spillway. 

Relative survival percentages for the pooled spillway groupings were 87 .1 % for Spillbays 

1-5, 84.1 % for Spillbays 6-11, 76.9% for Spillbays 12-17, and 87.9% for Spillbays 18-22 

(Fig. 5). There was no significant difference between survival values for the spillbay index 

groups (ANOVA, F = 1.32, P = 0.28; Appendix Table C2). A 15% difference between survivals 

would have been deemed significant at a= 0.05. 

Gate opening-- Relative survival by gate opening ranged from 76.1 % at a 10-foot gate 

opening (15,000 ft3/second flow) to 95.8% at a 2- to 3-foot gate opening (3,000 - 4,500 ft3/second 

flow) (Fig. 7). Relative survival values for each of the 1- to 2-foot gate opening increments 

(1,500 - 3,000 ft3/second) were based on detections of 60 to 347 spillway-released coho salmon 

at Bonneville Dam. There was no apparent trend in relative survival percentages with increasing 

gate openings (regression, R2 = 0.03). 

Results of indexing relative survival for coho salmon released at four different gate opening 

ranges are shown in Fig. 5. Relative survival percentages for the index groupings were 85.5% 

~-
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Figure 6. Relative survival by spillbay for PIT-tagged juvenile coho salmon and subyearling 
chinook salmon passing through the spillway at The Dalles Dam, 1997. Survival was 
relative to that observed for salmon not experiencing spillway or stilling basin 
passage. Spillbay 23 was not active during the coho salmon test period. 



18 

120 
Coho salmon R2 

= 0.0266 

100 

80 

60 

40 

,,......, 20 
~ 
"-' - 0 ro 
> 
·~ 00 ...... ...... ...... ...... 

V) 
N 

""" 
...... 

00 en 
V) 

V 
M > ..... ..... 

ro -V 
~ 

120 Subyearling chinook salmon 
R2 

= 0.0221 

100 

80 

60 

40 

20 

0 

...... 
M ...... ...... 

""" V) 

0 ...... 
Gate opening (ft) 

Figure 7. Relative survival by spillway gate opening for PIT-tagged juvenile coho salmon and 
subyearling chinook salmon passing through the spillway at The Dalles Dam, 1997. 
Survival was relative to that observed for salmon not experiencing spillway or stilling 
basin passage. 

-



19 

for 2- to 6-foot openings, 94.7% for 7- to 8.5-foot openings, 74.5% for 9- to 10-foot openings, 

and 85.8% for 11- to 15.5-foot openings. There was no significant difference between relative 

survival values for the index groupings (ANOV A, F = 2.68, P = 0.06; Appendix Table C2). A 

16% difference between survivals would have been deemed significant at a= 0.05 (the 

difference between index groups 2 and 3 is 20%, but the F-stat was not significant so that 

difference is not considered significant under the rules of the Fisher Protected LSD). 

Variability Associated With the Experimental Process 

Mixing--The assessment of distribution of detections through time for corresponding 

spillway- and tailrace-released groups of coho salmon did not suggest violation of the mixing 

assumption (Appendix Table C3). Overall, for the 20 release dates, we found no significant 

evidence that spillway and tailrace release groups were not mixed at Bonneville Dam. Although 

the probability value for one of the release dates was less than 0.05, this was not an unusual 

outcome considering 20 tests were performed ( one test for each release date). 

Release canister--Results from the statistical comparison of relative survival between coho 

salmon released using the crane-deployed canister system and coho salmon released from a hose 

reaching from 2 m above the spillway deck to a water depth of 4.5 m are presented in Appendix 

Table C4. The relative survival means (ln transformed due to high variability) for canister- and 

hose-released groups of coho salmon were not significantly different (t-test, t = 0.64, P = 0.64, 

df= 10). 

Oxygen use--Relative survival plotted against the time that coho salmon were held on 

oxygen prior to release is shown in Appendix Fig. C2. The number of detections in each of the 

13 holding time groupings (approximately 0.5 hour intervals, 0-7 hours holding time) ranged 

from 80 fish to 262 fish. Relative survivals ranged from 71.2 to 96.5%. There was no apparent 

trend in relative survival associated with the time fish were held on oxygen (regression, 

R2 = 0.05). 
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Subyearling Chinook Salmon 

On test days (19 June to 16 July 1997) during hours of release, average spill ranged from 

154,000 to 340,800 :ft3/second; about 63% of river flow. Of26,511 PIT-tagged subyearling 

chinook salmon released through spillways at the Dalles Dam during June and July 1997, 3,358 

(12.7%) were detected as they passed through Bonneville Dam (Table 2). Of26,681 PIT-tagged 

subyearling chinook salmon released at the reference location just downstream from the 

Highway 97 Bridge, 3,756 (14.1 %) were detected at Bonneville Dam. 

Relative survival percentages for each release date or release date grouping ranged from 

70.6 to 109.7% (Table 2). Overall relative survival for spillway-released subyearling chinook 

salmon (unweighted mean for all release periods) was 92.1 % with a 95% confidence interval of 

85.5 to 98.7%. Correlations of relative survival to release date and average daily spill were poor 

(regression, R2 = 0.01, and R2 = 0.15, respectively; Fig. 3). 

Travel times through the 75-km river reach from The Dalles Dam to Bonneville Dam were 

longer than expected based on river velocities. Median passage time was about 3 days and 

seasonal variation was unrelated with river flow (Appendix Table Cl). The protracted residence 

was primarily for fish from the first half of the test period. Differences in relative survival 

between the early and late tests were not discemable (t-test; t = 1.23, P = 0.24, df= 14; Table 2). 

Spill Pattern, Spillway Bay, and Gate Opening Analyses 

The numbers of subyearling chinook salmon used in the study were not sufficient to fully 

evaluate survival effects due to spill pattern, spillway bay through which fish passed, or spillway 

bay gate openings. We did, however, examine the data to determine if there were any noticeable 

survival trends related to these factors. 
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Table 2. Relative survival by date for PIT-tagged juvenile subyearling chinook 
salmon passing through the spillway at The Dalles Dam, 1997. 

Sgillw~ releasts T ailrace r~l~as~sa Relative 
Spill Spill Release Observ~db Release Ohser:y~db survival 

Date pattemc kcfsd no. no. % no. no. % %e 

6/19-2lf Day/Night 328 921 62 6.7 868 57 6.6 102.5g 
6/24 Night 292 747 85 11.4 715 86 12.0 94.6g 
6/25 Day 262 1,782 232 13.0 1,780 279 15.7 83.lg 
6/26h Night 241 1,933 245 12.7 1,964 283 14.4 88.0g 
6/27 Day 258 1,990 261 13.l 1,982 237 12.0 109.7g 
6/28 Night 224 1,846 287 15.5 1,938 291 15.0 103.5g 
7/1 Night 176 1,584 288 18.2 1,563 265 17.0 107.2i 
7/2 Day 165 1,388 187 13.5 1,383 264 19.1 70.6i 
7/3 Night 178 1,682 167 9.9 1,761 221 12.5 79.li 
7/4 Day 153 1,727 186 10.8 1,973 257 13.0 82.i 
7/8 Day 175 1,950 134 6.9 1,869 148 7.9 86.8i 
7/10 Night 177 1,917 255 13.3 1,872 260 13.9 95.8i 
7/11 Day 174 1,950 397 20.4 1,964 523 26.6 76.5i 
7/12 Day 182 1,966 18J 9.5 1,979 223 11.3 84.4i 
7/15 Night 175 1,792 201 11.2 1,735 190 11.0 102.4i 
7/16 Night 211 1,336 184 13.8 1,335 172 12.9 106.9i 
Total 26,511 3,358 12.7 26,681 3,756 14.1 

Mean 92.1% 
95% Confidence Interval 85.5 - 98.7% 

a The tailrace releases were used as reference groups. 

b PIT-tagged fish were interrogated (unhandled) in the juvenile salmon bypass systems at 
Bonneville Dam. 

" Daytime spill patterns were in effect from 0500 to 2000; nighttime from 2001 to 0500. 

d Thousand cubic feet per second used due to regional convention; 1,000 ft3/second = 28.3 
m3/second. 

r Relative survival defined as: (percentage of spillway-released subyearling chinook salmon 
detected at Bonneville Dam + percentage of tailrace-released subyearling chinook salmon 
detected at Bonneville Dam) x 100. 

r Groups combined because of small numbers at release. 

gJi t-test comparing early slow migrating (g) to late faster migrating (i) release groups suggests 
no difference of mean survival; t = 1.23, P = 0.24, df = 14. 

h Three containers of subyearling chinook salmon scheduled for release with the tailrace 
group showed increasing mortality at release and were not utilized in the analysis. 
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To compare release treatments (variables of spill pattern, spill bay, and gate opening), we 

pooled tailrace-released reference groups for each release period. Evaluation of variation among 

detection percentages of tailrace-released reference groups showed no trends through time for 

either daytime or nighttime releases (Appendix Fig. C3). 

Spill pattern--Relative survival for subyearling chinook salmon passing through the 

spillway during daytime utilizing daytime spill patterns and during nighttime utilizing nighttime 

spill patterns varied substantially through time due primarily to small numbers of fish in each 

release group and showed no significant trend (Fig. 4). Seasonal averages were 87.4 and 95.1 % 

for daytime and nighttime patterns, respectively (Fig. 5). Survival for nighttime spill passage 

was significantly higher than for daytime spill passage with gate openings of 1-4.5 ft (109.2 vs. 

75.0%, respectively), but was not significantly different at gate openings greater than 4.5 ft (92.0 

vs. 94.2%, respectively) (gate opening index by day/night interaction in ANOVA, F = 5.41, P < 

0.01; Appendix Table CS). Likewise survival for nighttime spill passage was significantly 

higher than for daytime spill passage with spillbays other than the most northerly index group 

(Bays 1-5). We believe these interactions resulted from two survival factors: 1) most daytime 

fish releases at small gate openings were made on the south side of the spillway in the latter half 

of testing when flow volume was low, a condition which we speculate resulted in the lowest 

survival because of predation; and 2) high survival from nighttime releases at small gate 

openings, which we speculate is a function of less mechanical injury and low predation in the 

low light conditions. 

Spillway bay--Relative survival percentages for fish passage through individual spillbays 

ranged from 64.1 % at Spillbay 22 to 105.9% at Spillbay 14 (Fig. 6). These percentages were 

based on 96 to 24 7 tag detections from subyearling chinook salmon released in each spillbay, and 
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as with the coho data, showed wide variation. There was no apparent trend in survival from one 

side of the spillway to the other (regression, R2 = 0.03) based on the aggregate of data. 

Variability was high; comparatively high and low relative survival values were noted in the 

north, center, and south sections of the spillway, sometimes in adjacent spillbays. 

Relative survival percentages for the pooled spillway groupings were 89.3% for Spillbays 1-

5, 90.3% for Spillbays 6-11, 93.2% for Spillbays 12-17, and 91.8% for Spillbays 18-22 (Fig. 5) .. 

There was no significant difference between survival values for the spillbay index groups 

(ANOV A, F = 1.31, P = 0.28; Appendix Table CS), base on the aggregate of data. However as 

discussed earlier, passage through southern spill bays during daytime produced lower survival 

rates than at night. Because of interaction between gate opening and spill pattern identified in 

the previous section, evaluation of effects from spillbay is equivocal (Appendix Table CS). 

Gate opening--Relative survival by gate opening ranged from 84.8% at a 4-4.5 foot gate 

opening to 98.8% at a 1- to 2-foot gate opening (Fig. 7). Relative survival values for each of the 

1- to 3-foot gate opening increments were based on 128 to 538 detections of spillway-released 

subyearling chinook salmon at Bonneville Dam. There was no apparent trend in relative survival 

percentages with increasing gate openings (regression, R2 = 0.02) based on the aggregate of data. 

Relative survival percentages for the pooled spillway groupings were 88. 7% for 1- to 

4.5-foot openings, 84.8% for 5- to 6-foot openings, 98.8% for 7- to 8-foot openings, and 94.3% 

for 9- to 13.5-foot openings (Fig. 5). Because of interaction between gate opening and spill 

pattern identified in the previous section, evaluation of effects from gate opening is equivocal 

(Appendix Table CS). 
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Variability Associated With the Experimental Process 

The assessment of distribution of detections through time for corresponding spillway- and 

tailrace-released groups of subyearling chinook salmon did not suggest substantial violation of 

the mixing assumption (Appendix Table C3). The P-values computed for 2 of 15 test dates were 

significant at the 95% confidence level. Inspection of passage distributions for the dates with 

statistically significant differences showed that a substantial portion of tailrace released fish 

passed Bonneville Dam about a day before the corresponding spillway released fish. Although 

these data present limited evidence that mixing did not occur on every test date, we would not 

expect to see large survival differences between groups associated with a travel time difference 

of 1 day. 

RECOMMENDATIONS 

We believe that future operations intended to enhance survival of juvenile salmon during 

passage at The Dalles Dam must be carefully crafted because our results indicate that the 64% 

spill rate does not produce the high survival anticipated. We recommend the following 

additional studies at The Dalles Dam in 1998 to provide information on relative survivals of coho 

and subyearling chinook salmon released through the spillway at 64 and 30% spill volume, with 

reference groups released downstream and through the ice and trash sluiceway at 30% spill 

volume. In addition, radio-tagged fish released through the spillway at the north and south sides 

of the spillway will be necessary to evaluate locations of potentially high fish losses. 
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APPENDIX A: Description and Operation of the Bonneville Dam Second Powerhouse 
Juvenile Fish Separator, Diverter, and PIT-Tag Interrogation System 

All fish that pass through the Downstream Migrant Channel of Bonneville Dam 
Second Powerhouse (DSM-2) are forced to enter a separator system. They cross a 
dewatering screen, pass over or fall between separator bars, and finally are directed into 
channels that carry them to various locations. When debris or a large fish such as an adult 
salmon enters the separator, it cannot pass between the horizontal separator bars 
immediately downstream from the dewatering screen, and is instead directed into a channel 
at the extreme downstream end of the apparatus. From there the fish and debris are carried 
through the emergency relief conduit back to the river downstream from the dam. Smaller 
fish that fall through the openings between the separator bars enter a channel that carries 
them in a circular route through a PIT-tag detector, and then to a diversion gate where they 
are either directed to a sampling facility or to the downwell. Fish that enter the downwell 
pass through the bypass conduit and are also returned to the river downstream from the 
dam. 

The fish separator, diverter, and PIT-tag detection system are relatively complex and 
require constant monitoring by fisheries maintenance personnel during operation (24 hours 
per day). The operators have the responsibility to prevent clogging by debris, to remedy 
mechanical wear, and to rectify mechanical or electronic equipment failure. Obstructions or 
mechanical failure can cause injury to fish, cause flooding or loss of transport water, and 
reduce fish separation efficiency. 

Fish sampling can be programmed to occur with a predetermined frequency and 
duration. Frequency of sampling consists of how many times per hour a sample is to be 
taken (1-10 times/hr), while timing defines the duration of the sample (minutes:seconds). 

Primary Dewatering Screen, Large Fish and Debris Separator, and Juvenile Flume 

The primary dewatering screen (PDS) is a perforated plate panel, with solid side walls, 
that spans the width of the channel just above the downwell. When lowered into the 
"sampling" position, all of the water flowing off the end of the inclined floor screen flows 
onto the PDS and most of it passes through and into the downwell. Fish that pass over the 
PDS enter the separation and PIT-tag detection portions of the mechanism. 

The PDS is manually operated (raised and lowered) with an overhead chain hoist. It 
is fully "seated" to the end of the inclined floor screen when a vertical blue line drawn on 
the transition plate wall just downstream from the screen is visible at the rear margin of the 
PDS side walls (Fig. 1 ). 
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The amount of water flowing off from the end of the inclined floor screen and onto 
the PDS is controlled by the Primary Relief Valve (PRV) located on the west side of the 
channel (left side looking downstream), just upstream from the PDS (Fig. 1 ). There is also 
a Secondary Relief Valve upstream from the PRV, but it is not used. The amount of water 
flowing onto the PDS should be sufficient .to transport fish over the solid plate immediately 
downstream from the PDS and onto the separator bars, but not so much that momentum 
carries small fish over and past the bars. 

The downwell water level needs to be maintained below the juvenile return pipe to 
prevent backflow into the diverter (Fig. 2). The downwell add in valve is located on the 
east side of the bypass channel (right side looking downstream), just upstream of the PDS 
(Fig. 1). 

To remove debris, which collects primarily on the upstream half of the PDS, a cross 
channel walkway provides access for cleaning with long-handled scrapers. During periods 
of high debris load, the PDS can be raised, or the switch gate switched to "bypass," while 
the inclined floor screen brushes dislodge debris from the floor screen. This reduces the 
amount of debris introduced into the system. 

Large Fish and Debris Separator Bars and Juvenile Flume 

The fish separator bars are located downstream from the PDS and are separated from 
it by a triangular transition plate. Small fish fall between the bars and into a transport 
flume and large fish and large debris slide over the bars. Two parallel neoprene curtains 
over the bars deflect small fish down through the bars and into the juvenile flume, reducing 

• sample loss. To provide consistent flows in the juvenile flume, water is added at the 
extreme upstream end. A manually operated valve controls the amount of water added 
(Fig. 1 ). The juvenile flume has perforated plate side walls and functions as a dewatering 
device, preventing flooding in the flume (Fig. 2). Water from the flume drains into the 
pump box. 

Downstream from the separator bars is the adult apron transition plate. It tapers down 
to the adult flume that leads to the Emergency Relief Conduit (ERC). Any fish going over 
the separator bars will slide across the adult apron, down the flume, and into the ERC. 
From there, the fish are returned to the river, downstream from the dam. The apron and 
channel are kept wet by a spray system consisting of sprinklers and a perforated PVC pipe 
just downstream from the bars. 
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2-Way, Side-To-Side Juvenile Fish Diverter 

The juvenile fish diverter employed at DSM-2 consists of a flexible tube connected to 
a slide mechanism that moves from side-to-side to direct fish into either of two paths. The 
slide is powered by pneumatic rams, and is controlled by a pulse from the PIT-tag 
monitoring system. When a PIT-tagged fish is detected, the diverter is automatically 
instructed to direct the fish onto a predetermined path. The diverter is subject to 
mechanical wear, clogging by debris, and loss of operating air pressure. On a daily basis, 
the fisheries maintenance personnel will open the lid on the fish diverter and examine the 
exit pathways for debris. 

PIT-Tag Interrogation System and the MULTIMON Program 

The PIT-tag system detects tagged fish as they pass through coils wrapped around a 
plastic pipe just upstream from the juvenile fish diverter. The coils and their shields are 
located directly below the electronic equipment boxes which are mounted on the hand rail 
surrounding the fish separation and diversion installation (Fig. I). When a PIT-tagged fish 
is detected, the system will do one of two things; it will either record the tag code and 
switch the diverter (located below the dewatering screen) to direct the fish into the 
downwell, or it will do nothing other than record the code of the tag. The action depends 
upon the sample switch settings. 

PIT-tag data files are copied from the data collection computer once or twice per day, 
and sent to PS:MFC for inclusion in the PT AGIS data base . 
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APPENDIX B: Release Numbers, Dates, Times, Locations, and Conditions for Juvenile 
Coho and Subyearling Chinook Salmon at The Dalles Dam, 1997 
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Appendix Table B 1. Times and conditions during daylight releases of juvenile coho salmon 
at The Dalles Dam, 1997. 

Date 4/27 4/28 4/29 5/3 5n 5/9 5/10 5/11 5/14 Avg. 
Start time 15:25 11:55 10:08 8:02 7:54 16:21 10:58 10:49 12:13 11 :31 
End time 19:28 15:58 11:08 10:24 9:50 22:09 15:54 17:04 15:10 15:13 
Med. time 17:30 14:00 10:30 9:00 9:00 19:30 13:30 14:00 13:30 13:23 
Turb. low 8 134 109 183 148 130 131 124 121 168 139 
Turb. high a 170 121 183 150 135 157 132 143 191 154 
Turb.mean8 152 115 183 149 133 144 128 132 180 146 
Spill Iowa 245 211 296 256 247 255 240 224 320 255 
Spill high a 247 223 296 269 253 270 250 262 322 266 
Spill mean8 246 217 296 263 250 263 245 243 321 260 
Spill%b 61 64 61 63 64 64 65 64 63 63 
Temp.°C C 10 10 10 11 11 13 12 12 13-20 11 
Elev .forebayd 158 157 158 159 159 159 158 158 157 158 
Elev .tailwaterl 85 84 87 86 86 85 84 84 89 86 

Gate openings at release (feet) 

Date/Sitee 4/27 4/28 4/29 5/3 5n 5/9 5/10 5/11 5/14 Avg. 

Bay 1 3 3 3 3.0 
Bay 2 5 5 5 5 5.0 
Bay 3 10 10.0 
Bay4 9 9.0 

Ba"t 5------------------------------------------------------------ 8 ____________________ 8.0 
Bay 6 9 9.0 
Bay 7 9 7 9 8.3 
Bay 8 10 10.0 
Bay9 9 9.0 
Bay 10 10 10.0 

Ba"t 11------------------------------------------------------------------ 10 ___________ 10.0 
Bay 12 11 11.0 
Bay 13 13 13.0 
Bay 14 7 7.0 
Bay15 8 8 11 9.0 
Bay 16 10 10.0 

Ba\! 17 ------------------------------------ 9 -------------------- 10 --------------------9 .5 
Bay 18 5 5.0 
Bay 19 5 5.0 
Bay 20 10 10.0 
Bay 21 6 7 8 7 7 .0 
Bay22 5 5 5.0 
Bay 23 NOT IN OPERATION 0.0 

Averages 7 .0 6.8 8.0 6.5 
a Thousand cubic feet per second (kcfs ); English 

units by COE convention . 
b Percent of river flow in kcfs. 

6.0 9.0 8.4 8.4 7.4 8.3 
c Temperature during holding. 
d Units in feet; English units by COE convention. 
e Bay 1 is to the north and Bay 23 to the south. 
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Appendix Table B2. Times and conditions during night releases of juvenile coho salmon at 
The Dalles Dam, 1997. 

Datea 4/29 4/30 5/2 5/6 5n 5/8 5/12 5/13 5/14 5/15 5/20 5/21 

Start time 22:38 2:18 22:18 0:08 0:08 23:08 22:58 21:43 22:57 22:55 23:03 0:28 
End time 0:22 6:05 1:07 2:50 3:11 4:17 4:54 4:05 2:24 2:01 0:35 1:21 
Med. time 23:30 4:00 23:30 1:30 1:30 1:30 2:00 1:00 1:00 0:30 0:00 1:00 
Turb. low b 87 134 67 121 120 141 91 84 158 131 184 178 
Turb. highb 154 184 114 147 123 144 183 178 166 151 186 184 
Turb. meanb 121 159 91 134 122 143 137 131 162 141 185 181 
Spill lowb 285 284 360 226 245 249 332 320 299 280 335 326 
Spill high b 363 320 371 252 260 269 426 428 304 283 335 326 
Spill meanb 324 302 366 239 253 259 379 374 302 282 335 326 
Spillo/oc 72 65 79 63 66 64 73 73 64 66 64 64 
Temp. Cd 10 11 11 11 11 11 12 13 13 
Elev .forebay8 159 159 157 159 159 157 158 158 159 159 158 158 
Elev. tailwater' 87 88 87 86 84 85 88 88 87 87 89 89 

Gate openings at release (feet) 
Date/Site' 4/29 4/30 5/2 5/6 5n 5/8 5/12 5/13 5/14 5/15 5/20 5/21 
Bay 1 7 8.5 8 7 
Bay2 5 9 9 
Bay3 9 11 13 
Bay4 10 

5/22 Avg 
22:54 23:21 
0:05 2:24 

23:30 0:56 
176 129 
176 161 
176 145 
313 296 
313 327 
313 312 

63 67 
13 12 

158 158 
89 87 

5/22 Avg. 

7.6 
7.7 

12 11.3 
9.5 

Bay_ 5 --------------------------- 10 --------------------- 13.5 --------------------------------- 11.8 
Bay6 12 11 11.5 
Bay7 12 13.5 12.8 
Bays 10 10.0 
Bay9 13 13.0 
Bay 10 10 10.0 

Bay_ 11-------------------------------------------------- 15.5 --------------------------------- 1_q_ 5 
Bay 12 11 11.0 
Bay13 9 10 9.5 
Bay 14 7 11 9.0 
Bay 15 14 9 11.5 
Bay 16 11 8 9.5 

Bay_ 17 --------------------- 11 ----------------------------- 13---------------------------------- 12.0 
Bay 18 6 6.0 
Bay 19 5 7 7 6.3 
Bay20 7 2 5 4.7 
Bay21 7 7/9 7.7 
Bay22 7 4 5 5.3 
Ba;t 23 NOT IN OPERATION 0.0 
Averages 8.7 9.8 9.3 6.9 7.3 7.3 8.0 13.7 9.4 9.5 10.0 7.0 12.0 9.7 
a Releases may have occurred partially or c Percent of river flow in kcfs. 

completely during early morning hours of next day. d Temperature during holding. 
b Thousand cubic feet per second (kcfs ); English e Units in feet; English units by COE convention. 

units by COE convention. ' Bay 1 is to the north and Bay 23 to the south. 
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Appendix Table B3. Times and conditions during daylight releases of subyearling 
chinook salmon at The Dalles Dam, 1997. 

Date 6/19 6/21 6/25 6/27 7/2 7/4 7/8 7/11 

Start time 13:44 7:45 7:47 7:44 8:05 7:57 7:58 7:55 
End time 14:07 8:33 9:57 10:14 10:19 10:17 11:07 10:46 
Med.time 14:00 8:00 9:00 9:00 9:00 9:00 9:30 9:30 
Turb. lowa 198 163 138 135 88 73 93 93 
Turb. high 8 198 175 142 159 113 90 117 98 
Turb.meana 198 169 140 147 101 82 105 96 
Spill low a 345 319 261 245 148 146 160 172 
Spill high a 345 320 263 270 182 160 190 176 
Spill mean8 345 320 262 258 165 153 175 174 
Spill% b 63 65 64 63 61 64 61 63 
Temp.occ 16 15 17 18 18 
Elev .forebayd 157 159 158 159 157 158 158 158 
Elev. tailwaterd 91 89 85 84 80 79 81 82 

Gate openings at release (feet) 

7/12 Avg. 

9:56 8:45 
12:41 10:53 
11:30 9:50 

98 120 
99 132 
99 126 

182 220 
182 232 
182 226 
64 63 

17 
158 158 

81 84 

Date/Sitec 6/19 6/21 6/25 6/27 7/2 7/4 7/8 7/11 7/12 Avg. 
Bay 1 3 3 3 3 3.0 
Bay 2 5 8 4 5.7 
Bay 3 7 7.0 
Bay4 5 5.0 

B~ 5 ---------------------------------------------------------------5 ------ 6 ----------------- 5.5 
Bay 6 14 7 10.3 
Bay 7 10.5 10.5 
Bay8 5 7 6.0 
~9 9 M 
Bay 10 5 6 5.5 

B~ 11 --------------------------------------------------------------6 ------ 7 ----------------- 6.5 
Bay 12 6 6.0 
Bay 13 14 4.5 9.3 
Bay 14 5 6 5.5 
Bay 15 8 8.0 
Bay 16 4 5 4.5 

B@Y. l 7 ----------------------------- 8 --------------------------------------------------------- 8.0 
Bay 18 11 5 5 7 .0 
Bay 19 4 4.0 
Bay20 4 4 4.0 
Bay 21 6 6.0 
Bay 22 5 3 4 4.0 
Bay 23 3 3 4 3.3 
Average 12.8 5.0 7.2 7.5 4.5 3.9 6.2 5.0 5.0 6.4 
a Thousand cubic feet per second (kcfs); English c Temperature during holding. 

units by COE convention. d Units in feet; English units by COE convention. 
b Percent of river flow in kcfs. e Bay 1 is to the north and Bay 23 to the south. 
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Appendix Table B4. Time and conditions during night releases of subyearling chinook salmon at 
The Dalles Dam, 1997. 

Date• 6/20 6/24 6/26 6/28 7/1 7/3 7/10 7/15 7/16 

Start time 23:00 22:04 22:13 21:52 22:16 21:58 22:04 21:41 21:48 

End time 23:43 0:20 0:23 0:21 0:23 0:16 0:42 1:31 0:25 

Med.time 23:30 23:30 23:30 23:30 23:30 23:00 23:30 23:30 23:00 

Turb. low b 196 158 139 114 89 80 90 61 108 

Turb. high b 196 184 171 125 99 108 98 127 110 

Turb. meanb 196 171 155 119 94 94 94 94 109 

Spill low b 320 290 226 218 165 160 169 120 210 

Spill high b 320 293 255 230 187 196 185 230 212 

Spillmeanb 320 292 241 224 176 178 177 175 211 

Spill% C 61 62 60 64 64 64 64 64 65 

Temp.°Cd 16 15 16 17 18 19 

Elev .fore bat 158 158 158 158 158 157 158 158 159 

Elev. tailwatere 89 87 84 83 81 82 81 81 82 

Gate openings at release (feet) 

Date/Site' 6/20 6/24 6/26 6/28 7/1 7/3 7/10 7/15 7/16 

Bay 1 9 5 8 7 

Bay2 7 8 8 

Bay3 10 

Bay4 9 10 

Avg 

22:06 

0:27 

23:23 

115 

135 

125 

211 

232 

222 

63 

17 

158 

83 

Avg. 

7.3 

7.7 

10.0 

9.5 

B~ 5 -------------------------------------------------------------- 10 ----- 10 ----------------- 10.0 
Bay6 10.5 10.5 

Bay7 11 10 10.5 

Bay8 8 10 9.0 

Bay9 10 10 10.0 

Bay 10 8 9 8.5 

B~ 11 ------------------------------------- 9 ----------------------- 7 -------------------------- 8.0 
Bay 12 9 8 8.5 

Bay 13 7 9 8.0 

Bay 14 7 8 7.5 

Bay 15 6 7 6.5 

Bay 16 3 3.0 

B~ 17 --------------------- 7 ------------------------------ 7 ------- 3 ------ 5 ------------------ 5.5 
Bay 18 

Bay 19 

Bay20 

Bay21 

Bay22 5 

Bay 23 5 

3 

5 

Average 6.0 9.0 7.8 7.4 

a Releases may have occurred partially or 
completely during early morning hours of next day. 

b Thousand cubic feet per second (kcfs); English 
units by COE convention. 

2 

1 

5.3 6.8 6.0 

c Percent of river flow in kcfs. 
d Temperature during holding. 

8.4 8.7 

c Units in feet; English units by COE convention. 
r Bay 1 is to the north and Bay 23 to the south. 

2.5 

1.0 

0.0 

5.0 

5.0 

5.0 

7.3 
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Appendix Table BS. Release numbers by spillbay and date for juvenile coho salmon at The Dalles Dam, 1997. 

Daylight releases % 

Date/Site8 4/27 4/28 4/29 5/3 5/7 5/9 5/10 5/11 5/14 Total total 

Bay 1 164 574 168 906 9.8 
Bay 2 13 190 98 466 767 8.3 
Bay 3 367 367 4 
Bay 4 450 450 4.9 

B~ 5 --------------------------------480 ----------- 480 __ 5.2 
Bay 6 97 283 380 4.1 
Bay 7 22 99 121 1.3 
Bay 8 393 393 4.3 
Bay 9 472 472 5.1 
Bay 10 293 293 3.2 

Night releasesb % 

4/29 4/30 5/2 5/6 5/7 5/8 5/12 5/13 5/14 5/15 5/20 5/21 5/22 Total total 

193 194 469 367 1,223 10 
75 302 191 568 4.6 

225 169 790 575 1,759 14.2 
382 382 3.1 

______________ 96 ________________ 139 -------------------------- 235 ---- 1.9 
182 181 363 2.9 

95 198 

291 
351 

386 

293 
351 
291 
386 

2.4 
2.8 
2.4 
3.1 

} 

B@:Y. l l ---------------------------------- 392 ------ 392 __ 4.3 
________________________________ 361 __________________________ 361 ____ 2.9 w 

190 190 1.5 "" Bay 12 382 382 4.1 
Bay 13 375 375 4.1 
Bay 14 284 284 3.1 
Bay 15 50 196 97 343 3.7 
Bay 16 41 41 0.4 
B@:Y. l 7 _________________ 188 __________ 169 ----------- 357 __ 3.9 

Bay 18 396 396 4.3 
Bay 19 383 383 4.2 
Bay 20 376 376 4.2 
Bay 21 113 198 99 289 699 7.6 
Bay 22 193 373 566 6.1 
Bay23 Out of service O 0.0 
Totals 217 693 295 700 700 1.700 1,640 2,000 1.900 9.845 100.0 

96 

163 
93 185 

190 

99 262 
278 
286 

2.1 
2.2 
2.3 

196 193 389 3.1 
-------- 194 ____________________ 303 __________________________ 497 ---- 4.0 

376 376 3.0 
375 783 561 1,719 13.9 

198 124 372 694 5.6 

99 480 579 4.7 
192 176 517 885 7.2 

Out of service 0 0.0 
296 830 500 600 7001,700 1,900 1,245 1,100 1,100 1,600 600 600 13,331 100.0 

a Bay 1 is to the north and Bay 23 to the south. About equal numbers of fish were released downstream of the dam about 5 minutes following the spillway releases. 
b Releases may have occurred partially or completely during early morning hours of next day. 



Appendix Table B6. Release numbers by spillbay and date for subyearling chinook salmon at The Dalles Dam, 1997. 

Daylight releases % 

Date/Site8 6/19 6/21 6/25 6/27 7/2 7/4 7/8 7/11 7/12 Total total 

Bay 1 399 191 198 393 1,181 8.9 
Bay 2 193 394 196 783 5.9 
Bay 3 599 599 4.5 
Bay 4 199 199 1.5 

B~ 5 --------------------------------------- 193 __ 196 _________ 389 ___ 2.9 
Bay 6 285 188 473 3.5 
Bay 7 397 397 3.0 
Bay 8 399 194 593 4.4 
Bay 9 397 397 3.0 
Bay 10 398 200 598 4.5 

B~ 11 ------------------------------------- 199 __ 385 _________ 584 ----4.4 
Bay 12 204 395 599 4.5 
Bay 13 396 396 3.0 
Bay 14 392 199 591 4.4 
Bay 15 396 396 3.0 
Bay 16 397 198 595 4.5 
B~ 17 ------------- 395 _______________________________________ 395 ____ 3.0 

Bay 18 397 195 592 4.4 
Bay 19 393 393 2.9 
Bay 20 370 197 567 4.3 
Bay 21 598 598 4.5 
Bay 22 95 372 378 845 6.3 
Bay 23 591 379 196 1,166 8.7 

Total 285 288 1.782 1,990 1,388 1.727 1.950 1.950 1.966 13.326 100 

Night releasesb % 

6/20 6/24 6/26 6/28 7/1 7/3 7/10 7/15 7/16 Total total 

557 220 193 970 7.4 
154 197 386 194 931 7.1 

567 567 4.3 
394 195 589 4.5 

------------------------------------ 386 -- 200 -------- 586 ----- 4.4 
508 

196 
394 

371 

508 
377 573 

194 588 
192 563 

3.9 
4.3 
4.8 
4.3 

388 187 575 4.4 
----------------- 376 _______________ 390 ______________ 766 _____ 5.8 

397 

198 190 388 2.9 ~ 
373 194 567 4.3 

396 198 594 4.5 
197 

399 
594 
399 

4.5 
3.0 

_______ 197 ____________________ 364 -- 370 ___ 199 ________ l,,_130 ____ 8.6 

566 385 951 7.2 
397 397 3.0 

0 0.0 
598 598 4.5 

194 194 1.5 
157 157 1.2 

348 747 1,933 1,846 1,584 1,682 1,917 1.792 1,336 13.185 100.0 

a Bay 1 is to the north and Bay 23 to the south. About equal numbers of fish were released downstream of the dam about 5 minutes following the spillway releases. 
b Releases may have occurred partially or completely during early morning hours of next day. 
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Appendix Table B7. Water velocities at the locationa of fish release at The Dalles Dam spillway, 
1997. 

Water velocity at designated depthc 
Gate openingb Flowb 1-m depth 5-m depth 

ft ft'/s rots rots 

3 4,500 0.3 0.4 

4 6,800 0.5 0.5 

5 7,500 0.6 0.7 

6 9,000 0.9 0.9 

8 12,000 1.0 1.1 

10 15,000 1.2 1.4 

12 18,000 1.5 1.5 

a Release sites were midway between pier-noses of each spill bay; 5 to 9 m upstream from the 
gate and at 4- to 5-m depth depending on the gate opening; at the largest gate opening, the fish 
release canister was closest to the gate and highest in the water column. 

b Units of measure in English units by COE convention. 
c Fish releases were made at 4-5 m depth. 
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APPENDIX C: Travel Times of Test Fish and Statistical Analyses of Pit-Tag Interrogation 
Data from the Spillway Survival Study at The Dalles Dam, 1997 
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Appendix Table C1. Median travel times (days)with 95%confidence intervals between 
The Dalles and Bonneville Dams for PIT-tagged juvenile salmon2 1997. 

Spillway releases Tailrace releases 
Rel. date Lo Cl Med. Hi Cl Lo Cl Med. Hi Cl Differen. (kcfs)° 

4/27 b 2.8 9.0 15.4 1.6 2.2 4.4 6.8 414 
4/28 3.4 4.6 8.3 2.6 4.7 11.1 -0.1 448 
4/29 2.2 4.7 8.6 2.6 4.5 11.5 0.2 462 
4/30 3.2 5.3 8.3 3.9 4.8 6.9 0.5 464 

l9i 
5/2 3.6 4.2 5.5 3.1 3.7 4.9 0.5 436 
5/3 2.7 3.6 5.0 3.0 3.6 5.5 -0.1 411 
5/6 3.1 3.3 4.2 2.9 3.1 3.8 0.2 416 
5/7 2.9 3.4 3.7 2.7 3.1 3.3 0.3 407 
5/8 3.0 3.2 3.8 3.0 3.2 3.4 0.0 406 
5/9 2.0 2.2 2.4 2.3 2.6 2.9 -0.3 406 Coho Salmon 

5/10 1.9 2.0 2.4 2.0 2.2 2.4 -0.2 383 
5/11 1.6 1.8 2.2 1.8 1.9 2.3 -0.1 439 
5/12 2.5 2.8 3.0 2.3 2.6 2.9 0.2 508 
5/13 2.0 2.1 2.4 2.2 2.3 2.6 -0.2 491 
5/14 1.8 2.0 2.1 2.2 2.3 2.4 -0.3 463 
5/15 2.0 2.4 2.9 1.9 2.0 2.2 0.4 447 
5/20 2.0 2.1 2.2 1.9 2.0 2.2 0.1 515 
5/21 2.1 2.3 2.7 2.1 2.3 3.1 -0.1 501 

l'9\ 5/22 1.3 2.2 3.2 1.5 2.0 2.3 0.2 492 
Averageb 3.0 2.9 0.1 

6/19 1.7 2.6 3.6 1.5 2.2 3.5 0.4 501 
6/20 2.1 2.4 3.4 1.8 2.0 2.3 0.4 477 
6/21 2.4 3.9 6.5 1.8 2.7 5.8 1.3 466 
6/24 3.9 5.2 6.5 3.1 4.3 5.6 1.0 419 
6/25 6.1 7.4 8.4 5.5 5.9 7.5 1.5 378 
6/26 4.9 5.2 6.0 4.3 5.3 6.0 -0.1 391 
6/27 3.8 4.5 5.5 3.7 4.5 5.2 0.0 375 
6/28 2.9 3.0 3.2 2.7 2.9 3.1 0.1 367 

7/1 2.1 2.3 2.6 2.0 2.2 2.3 0.1 301 
7/2 1.6 1.7 1.8 1.6 1.7 1.8 0.0 314 Subyearling chinook salmon 
7/3 2.2 2.6 3.0 2.2 2.6 2.9 0.0 303 
7/4 1.8 2.2 2.4 1.8 1.9 2.2 0.4 285 
7/8 1.8 1.8 1.8 1.7 1.8 1.8 0.0 254 

7/10 1.9 2.0 2.0 1.9 1.9 2.0 0.1 289 
7/11 1.5 1.5 1.5 1.4 1.5 1.5 0.0 299 
7/12 1.5 1.7 1.8 1.5 1.5 1.6 0.2 257 
7/15 2.5 2.7 2.8 2.1 2.3 2.4 0.5 300 
7/16 1.9 1.9 1.9 1.7 1.9 1.9 0.1 303 

Average 3.0 2.7 0.3 
a Total flow at Bonneville one day following release. Thousand ft3/second (kcfs); English units by COE conventior 
b Aposteriori decision to exclude 4/27 data point from average. 

,.. 



42 

Appendix Table C2. Aanalysis of relative survival for releases of juvenile coho salmon grouped 
by spill pattern, spillway bay, and gate opening at The Dalles Dam 
spillway, 1997. 

Tndex ccdCS8 

Ne ~Jca.<aed :ecrccn1agc detected Relative Spill Spillway Gate 
Forebay Tailrace Forebay Tailrace survival (%t pattern bay opening 

1673 1,702 11.2 11.4 98.6 1 1 1 
480 478 14.0 15.2 92.1 1 1 2 

1,223 1,199 11.1 13.2 84.3 9 1 2 
817 822 11.0 12.6 87.1 1 1 3 

1,196 1,209 10.7 13.3 80.5 9 1 3 
1,673 1,703 6.9 8.7 79.8 9 1 4 
1,952 1,948 10.9 13.6 79.8 1 2 3 

737 745 10.0 12.5 80.4 9 2 3 
1,308 1,264 9.9 10.7 92.1 9 2 4 

530 582 11.3 13.1 86.4 1 3 2 
286 275 13.6 14.0 97.6 9 3 2 
398 571 6.8 14.1 48.3 1 3 3 
452 469 8.2 14.1 58.2 9 3 3 
854 834 10.1 12.4 81.3 1 3 4 

1,164 1,111 9.5 10.6 89.8 9 3 4 
1,458 1,447 10.6 14.5 73.1 1 4 1 
1,940 2,020 11.6 13.7 84.8 9 4 1 

586 551 11.6 10.0 116.2 1 4 2 
1,930 1,917 7.5 8.2 91.5 9 4 2 

376 376 7.7 12.7 61.0 1 4 3 
383 363 9.9 9.8 101.0 9 4 3 

a Index codes: spill pattern, 1 = day, 9 = night; Spillbay, 1 = Bays 1-5, 2 = Bays 6-11, 3 = Bays 12-17, and 4 = 
Bays 18-22; gate opening, 1 = 1-4.5 ft, 2 = 5-6 ft, 3 = 7-8 ft, and 4 = 9-13.5 ft. 

b Relative survival calculated as: (percentage of spillway-released coho salmon detected at Bonneville Dam + 
percentage of taihace-released coho salmon detected at Bonneville Dam) x 100. 

H0 = Relative survival is not significantly affected by spill pattern, spillway bay, or gate opening. 

ANOV A Table-Coho Salmon 

~ 
Spillbay index 
Gate opening index 
Spill pattern index 
Spillbay / spill pattern interaction 
Gate / spill pattern interaction 
Error 
Total 

df 
3 
3 
1 
3 
3 

53 
66 

&q_SS 
840.6 

3,997.5 
56.2 

2,995.7 
1,403.5 

29,057.8 
38,351.3 

AJlj_SS 
2,176.1 
4,405.6 

0.2 
2,589.4 
1,403.5 

29,057.8 

Acij MS 
725.4 

1,468.5 
0.2 

863.1 
467.8 
548.3 

E 
1.32 
2.68 
0.00 
1.57 
0.85 

:e 
0.277 
0.056 
0.985 
0.206 
0.471 
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Appendix Table C3. Tests of homogeneity of Bonneville Dam passage distributions for groups 
of PIT-tagged coho salmon and subyearling chinook salmon released into 
spillbay or the tailrace of The Dalles Darn in 1997. Probability values were 
calculated using a Monte Carlo approximation of the exact method. 

Ho For spillway and tailrace releases made on the same dates at The Dalles Dam, there was no 
difference in passage distributions at Bonneville Dam. 

Coho salmon Subyearling chinook salmon 
lleleaSe lleleaSe 
date x2 df P value date x2 df P value 

4/27 20.34 20 0.4660 6/19 7.91 9 0.6615 
4/28 22.50 24 0.6093 6/20 9.45 8 0.3104 
4/29 26.46 22 0.1833 6/21 9.27 11 0.7308 
4/30 29.74 25 0.1794 6/24 22.04 31 0.9862 
5/2 13.74 20 0.9240 6/25 44.39 41 0.3104 
5/3 14.36 21 0.9343 6/26 44.64 38 0.1683 
5/6 21.04 17 0.1817 6/27 41.55 36 0.1938 
5/7 18.21 18 0.4534 6/28 24.19 30 0.8555 
5/8 10.09 17 0.9500 7/1 17.14 20 0.7254 
5/9 13.98 16 0.6326 7/2 16.81 21 0.7989 
5/10 25.39 17 0.0534 7/3 43.53 23 0.0002· 
5/11 16.47 16 0.4174 7/4 14.49 18 0.8148 
5/12 15.83 20 0.8232 7/8 12.32 14 0.6689 
5/13 9.59 i6 0.9640 7/10 33.33 19 0.0031• 
5/14 15.47 22 0.9257 7/11 12.91 9 0.0973 
5/15 22.79 14 0.0205• 7/12 9.39 11 0.6585 
5/20 16.72 19 0.6834 7/15 13.39 9 0.0845 
5/21 12.34 11 0.3097 7/16 9.82 8 0.2281 
5/22 8.58 11 0.7936 

• Confidence level ~ 95%. No significant evidence that the Coho salmon groups did not mix. 
Although one group has a P value less than 0.05, it would be expected given that 19 tests were 
performed. Some significant evidence that the subyearling chinook salmon groups did not mix. 
As mentioned above, we would expect one of the tests to have a P value less than 0.05. The 
smallest P value (day 7/3) should be deemed significant. However, inspection of the passage 
distributions for that day shows the spillway released fish were roughly a day delayed from the 
tailrace released fish. No significant change in survival and detectability (at Bonneville Dam) 
probably occurred in such a short period of time. 
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Appendix Table C4. Comparison of relative survival for juvenile coho salmon released via 
crane-deployed canister and hoses at The Dalles Dam spillway, 1997. 

H
0 
= Mean relative survival is not significantly different for canister- and hose-released groups 

Release Detected %8 Relative survival % b 

date Method Group Forebai Tailracea Observed Transformed (In) 

21 May Canister 1 8.2 5.8 141.2 4.95 
21 May Canister 2 6.1 5.8 104.8 4.65 
21 May Canister 3 3.2 5.8 54.1 3.99 
22May Canister 4 3.0 7.1 42.2 3.74 
22May Canister 5 9.3 7.1 130.4 4.87 
22May Canister 6 7.0 7.1 98.0 4.59 

21 May Hose 1 6.7 5.8 114.1 4.74 
21 May Hose 2 6.5 5.8 111.6 4.72 
21 May Hose 3 7.9 5.8 134.6 4.90 
22May Hose 4 4.1 7.1 57.4 4.05 
22May Hose 5 3.1 7.1 43.9 3.78 
22May Hose 6 2.0 7.1 28.7 3.36 

a Percentage passing PIT-tag detectors at Bonneville Dam. 
b Relative survival defined as: (% of spillway-released coho salmon detected at Bonneville Dam 

+ % of tailrace-released coho salmon detected at Bonneville Dam) x 100. 
c Detection percentage for canister or hose release groups. 
d Detection percentage for reference group releases ( data pooled by date). 

t-test (two sample assuming equal variances) (In transformed data) 

Mean 
Standard error 
Hypothesized mean difference 
df 
t Statistic 
Probability 
t Critical 

Canister Hose 

4.46 
0.20 

0 
10 

0.64 
0.53 
2.23 

4.26 
0.25 
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Appendix Table C5. Analysis of relative survival for releases of subyearling chinook salmon 
grouped by spill pattern, spillway bay, and gate opening at The Dalles 
Dam spillway, 1997. 

No. released Percentage detected Index ccdes8 
Relative Spill Gate Spillway 

Forebar Tailrace Forebar Tailrace survival {%t ~attem oeening bar 
1,771 1,954 10.7 13.4 79.5 1 1 1 

781 770 13.4 15.2 88.7 1 2 1 

557 587 8.4 12.5 67.2 9 2 1 

599 594 13.2 12.0 110.3 1 3 1 

1,147 1,113 12.5 12.1 103.0 9 3 1 

1,939 1,942 12.3 14.1 87.2 9 4 

1,196 1,163 10.4 13.4 77.1 1 2 2 

767 777 14.1 18.2 77.3 1 3 2 

1,172 1,156 14.5 14.5 100.2 9 3 2 

1,079 1,045 11.8 11.8 99.7 1 4 2 

2,401 2,523 13.2 13.6 97.3 9 4 2 

793 789 11.6 16.1 72.2 1 1 3 

769 765 18.2 15.5 117.8 9 1 3 

993 985 17.6 20.5 86.2 1 2 3 

596 585 10.7 13.3 81.0 9 2 3 
1,186 1,187 12.6 13.0 97.6 1 3 3 

1,915 1,950 13.3 12.7 104.4 9 3 3 

392 385 10.2 11.0 93.2 9 4 3 
2,876 2,938 12.0 16.3 73.2 1 1 4 

1,348 1,346 15.4 15.3 100.6 9 1 4 

1,285 1,261 10.2 10.2 99.7 1 2 4 

949 856 12.0 12.8 93.8 9 2 4 

a Index codes: spill pattern, 1 = day, 9 = night; Spillbay, 1 = Bays 1-5, 2 = Bays 6-11, 3 = Bays 12-17, and 4 = 
Bays 18-23; gate opening, 1 = 1-4.5 ft, 2 = 5-6 ft, 3 = 7-8 ft, and4 = 9-13.5 ft. 

b Relative survival calculated as: (percentage of spillway-released subyearling chinook salmon detected at 
Bonneville Dam+ percentage of tailrace-released subyearling chinook salmon detected at Bonneville Dam) x 
100. 

B
0 
= Relative survival is not significantly affected by spill pattern, spillway bay, or gate opening. 

ANOV A Table-Subyearling Chinook Salmon 

~ df ~ Adj_SS Ai:\i MS E e 
Spillbay index 3 342.7 831.7 277.2 1.31 0.279 
Gate opening index 3 2,150.4 2,168.2 722.7 3.43 0.023 
Spill pattern index 1 1,270.6 252.0 252.0 1.19 0.279 
Spillbay / spill pattern interaction 3 2,254.4 1,539.6 513.2 2.43 0.074 
Gate / spill pattern interaction 3 3,424.4 3,424.4 1,141.5 5.41 0.002 
Error 57 12,025.6 12,025.6 211.0 
Total 70 21,468.3 
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Apendix Figure CI. Detection percentage of tailrace released coho salmon related to hour of release for 
selected release dates and the aggregate of all dates. 



100 

-ro 
> 60 

-~ 
en 
~ 40 > ..... ...., 
ro 

~ 20 

0 0.5 1 

47 

1.5 2 2.5 3 3.5 4 4.5 

Holding time on oxygen (hours) 

R2 = 0.0531 

5 5.5 6 - 7 

Appendix Figure C2. Relative survival of juvenile coho salmon held on oxygen for varying 
times prior to release; The Dalles Dam spillway survival study, 1997. 
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Appendix Figure C3. Detection percentage of tailrace released subyearling chinook salmon 
related to hour of release for selected release dates and the aggregate 
of all dates. 
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