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EXECUTIVE SUMMARY
In 2000, the U. S. Geologica Survey (USGS) used radio telemetry to examine the
movements and behavior of yearling and subyearling chinook salmon (Oncorhynchus
tshawytscha) and yearling steelhead (O. mykiss) in the tailrace of John Day Dam (JDA). Study
objectives were to describe the behavior of radio-tagged juvenile sdmonids released at the study
gSites (three pillbays and the juvenile bypass outfal) to determine: 1) resdencetime in the
tallrace, 2) relationships between route of passage into the tailrace and residence time, and 3)

hydraulic conditions likely experienced by fish.

Test Conditions

Test conditions during the day were 30% of totd river flow as spill and 0% of tota river
flow as saill, randomly assigned in three-day blocks. At night, test conditions were 60% of total
river flow as saill. The study design did not dlow separation of spill volume and did effects
because the variables were confounded. Fish could not be released during 0% spill, therefore,
comparisons were between the proposed 30% and 60% spill conditions. The combination of
soill levels and did periods provided a set of two unique test conditions. daytime 30% (D30%)
spill and nighttime 60% (N60%) spill.

The average actud spill during releases of yearling chinook and steelhead was 30%
during proposed D30% spill. During proposed N60% spill, actud spill averaged 52% (yearling
chinook salmon releases) and 41% (stedhead releases). The average actud spill during
subyearling chinook salmon releases was 30% during proposed D30% spill and 54% during

proposed N60% spill.



Number of Fish Released

During the spring outmigration at JDA we released 144 yearling chinook salmon and 138
yearling stedhead. Sample sizes were gpproximately equa a spillbays 2 and 10 and at the
juvenile bypass system. Fish were not released from spillbay 18 during the find four releases
due to reduced discharge.

We rdeased 150 subyearling chinook salmon during the summer outmigration at JDA.
During D30% spill, sample sizes were equd at spillbays 2, 10, and the juvenile bypass. During
N60% spill, sample sizes at spillbays 2, 10, 14, and the juvenile bypass were gpproximately

equd.

Percentage of Radio-Tagged Fish Detected

During the soring outmigration, 97% of the radio-tagged yearling chinook were detected
a exit gation 1 (tip of the navigation lock peninsula), 66% at exit sation 2 (dredge idand) and
60% at exit sation 3 (5.3 km downriver). We detected 90% of the released yearling steelhead at
exit gation 1, 64% at exit station 2, and 65% &t exit station 3. During the summer outmigration,
92% of the radio-tagged subyearling chinook were detected at exit station 1, 40% at exit station

2, and 80% at exit station 3.

Residence Times

Comparisons of release steswithin each spill condition indicated that spillway passage
generdly resulted in more rapid tailrace egress than did bypass passage. Thistrend, however,
was not dways datidicdly sgnificant. Resdence time differences between the two spill

regimes were most evident for fish released through the juvenile bypass. The residence times of



spillway fish were generdly smilar during D30% and N60% spill. Fish released through the
bypass had consistently longer residence times during N60% compared to D30% spill. The
relative strength of this trend depended upon the run or species of fish.

Y earling chinook salmon residence times were only minimally affected by release Site or
spill condition. Residence times for fish released through the spillway or bypass were not
sgnificantly different during D30% spill. During N60% spill, bypass fish hed significantly
longer mean residence times than spillway fish, dthough the magnitude of the difference was
only afew minutes. Fish from al release Stes exited the immediate tailrace (exit Sation 1)
within about 10 minutes, regardiess of spill condition. The largest difference in resdence times
between D30% and N60% spill was for bypassfish. During N60%, the mean residence time for
bypass fish was 15 min (increased from 9 min during D30%).

Anayss of steelhead residence times was complicated by reduced spill discharge on two
release dates. Three releases were planned during N60% spill. On two of these release dates,
actua spill was 34%. The third date had actud spill of 54%, with an average spill of 41% for the
three releases combined. We were therefore unable to make statistical comparisons between
D30% and N60% spill or among release sites within N60% spill. A smple comparison of D30%
and N60%, using the residence time data for stedlhead released during 54% spill, suggests that
bypass fish were delayed during the higher spill period and spillway fish were relatively
unaffected. Within each spill condition, steelhead residence times were smilar, regardless of
release location. Most stedlhead exited the immediate tailrace (exit station 1) within 7-8 min.
Fish released through the south spillway took somewhat longer, with mean residence times of

12-14 min.
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Subyearling chinook salmon released through the bypass had the highest mean residence
times of al release Stes during both D30% and N60% spill. North fish had the lowest mean
resdencetimes. Generdly, the mean residence times of spillway fish were lower during N60%
spill than during D30% spill. Fish released through the bypass were sgnificantly delayed during
the higher spill discharge. Their mean residence time was sgnificantly higher (P < 0.01), more

than four times aslong, a N60% (74 min) compared to D30% (17 min).

Dredge I land Passage

The route of passage (north or south) around the dredge idand was influenced by release
location and spill condition. During the spring outmigration, fish released through the north
spillway passed north of the dredge idand and fish released through the juvenile bypass system
passed south of the dredgeidand. Routes of fish released through the middle and south spillway
were more variable but middle fish generdly passed to the north and south fish generally passed
to the south.

During the summer outmigration, passage trends were Smilar to spring trends for fish
released through the spillway. Fish rdleased through the juvenile bypass were strongly affected
by spill condition. During D30% spill, most bypass fish used a south idand passage route
(83%). During the increased spill conditions used at night, the most common passage route was

north (75%).

Drogue Releases
During the spring outmigration, the mean residence times of drogues released from the

north and middle spillbays were sgnificantly lower than drogues released from the other Sites,
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regardless of condition. The residence times of fish released through the bypass were well
represented by drogues, athough this comparison was only made at D30% spill. Drogues
appeared to represent the movements of steelhead better than they did yearling chinook salmon.

During the summer outmigration, drogues released at the north spillway had lower
residence times than drogues released from the other sites, regardiess of spill condition. Drogues
released at the middle and south spillway showed periods of dday within the tilling basin that
were dependent upon spill condition. These delays were more frequent and of larger magnitude
during periods of lower spill. Drogue residence times and fish residence times were most

comparable at the north spillway.



INTRODUCTION

A Supplementd Biological Opinion issued by the Nationd Marine Fisheries Sarvice
(NMFS) recommended that to increase juvenile sdmonid (Oncor hynchus spp.) survivd, the sall
a dams on the Columbia and Snake rivers should be maximized without exceeding the current
total dissolved gas cap levels or other project-specific limitations (NMFS 1998). Juvenile
sdmonids migrating downriver can be diverted from turbine passage routes a the John Day Dam
(JDA) by turbine intake bypass systems (such as submerged screens) or by passage over the
soillway.

Although spill is cgpable of passing juvenile sdlmonids over the dam effectively, spill can
produce certain hydraulic conditions within the tailrace thet increase fish vulnerability to
predation directly or indirectly by extending the amount of time they spend in theimmediate
tallrace area. Tailrace conditions are an important factor to consider in the effort to move
juvenile simonids past hydrodectric facilities. Shods, eddies, and other barriers can have a
negative impact on tailrace egress. Even specific routes of passage over the spillway (e.g., north
vs. south) may influence how effectively or quickly fish are able to exit the immediate talrace
(Liedtke et d. 1998). If, during some test conditions, fish are dower to pass through areas of the
tallrace where predators congregate, then those conditions may be modified to reduce the risk.

We released drift buoys (drogues) into the tailrace to evaluate the hydraulic conditions
encountered by fish (see Liedtke et d. 2001). The drogues move through the tailrace according
to the predominant flows. By releasing drogues at the same sites and during the same conditions
as radio-tagged juvenile salmonids, we were gble to determine whether our study fish moved

with the predominant flows. Some of our drogues were equipped with globa positioning



systems (GPS), which alowed us to describe the precise position of the buoy during its drift
through the tailrace.

The objectives of this study were to describe the behavior of juvenile sdmonids passing
through specific sites on the spillway and the juvenile bypass system to determine: 1) resdence
timein the tailrace, 2) movement patterns of juvenile sdmonids in the immediate dam tailrace
area (within gpproximately 2 km), and 3) hydraulic conditions likely experienced by fish through

deployment of drift buoys (drogues).



METHODS

Test Conditions

The U. S. Army Corps of Engineers established dam operating conditions for the JDA
spillway evauation. Dam operating conditions are reported according to loca convention:
discharge in units of thousand cubic feet per second (kcfs) and tallwater elevation in feet.
Conditions aternated between day and night spill at approximately 0700 and 1900 hours
throughout our study period. Planned test conditions from 0700 to 1859 hours were 0% of the
totd river flow as spill (0% spill) or 30% of the totd river flow as spill (30% spill), dternated in
randomly assigned three-day blocks. Test conditions from 1900 to 0659 hours were scheduled to
be 60% of thetotd river flow as spill (60% spill). The study design did not alow separation of
spill volume and did effects because the variables were confounded. Fish could not be released
during 0% spill, therefore, comparisons were made between the 30% and 60% spill conditions.
The combination of spill percentages and didl periods provided a set of two unique test

conditions. daytime 30% (D30%) spill and nighttime 60% (N60%) spill.

Study Design

This study was designed to evauate tailrace egress by describing the movements of fish
passing into the tailrace through the spillway and the juvenile bypass syslem. During the spring
outmigration, yearling chinook saimon and yearling stedhead were sudied. Subyearling
chinook salmon were evaluated during the summer outmigration. To represent the spillway,
rel ease sites were established at the north end (bay 2), the middle (bay 10), and the south end
(bay 18). During the summer outmigration, the south end of the spillway was represented by

spillbay 14 due to reduced discharge. Radio-tagged fish were aso released into the juvenile



bypass system near the fish monitoring facility. The release siteswill be referred to as north,
middle, south, and bypass.

The study plan was to release equa numbers of fish under each of the two test conditions
(D30% and N60%). Releases of fish wereinitiated at 0900 h during D30% spill and at 2100 h
during N60% spill. During the spring outmigration, we planned 12 releases of radio-tagged fish,
with six releases under each test condition. During each release, Six to seven fish were released
from each of the four release sites (north, middle, south, and bypass). Y earling chinook sdmon
and steelhead were released on dternate days.

During the summer outmigration, we planned 10 releases of radio-tagged fish, with five
releases under each test condition. The study plan had to be modified during the summer
outmigration because the south spillway release ste (pillbay 14) was not used during the D30%
spill condition. During each day release, four to seven fish were released from each of the three
release Stes (north, middle, and bypass). During each night release, four fish were released from

each of the four release stes (north, middle, south, and bypass).

Fish Collection and Tagging

Juvenile salmonids were collected a JDA smolt collection facility and hdd 6-12 hina
0.8-m diameter circular tank. Radio transmitters used in yearling chinook salmon were 7.3 mm
X 18 mm and weighed 1.4 g (in ar). Stedhead transmitters were 8.2 mm X 18.9 mm and
weighed 1.8 g. Subyearling chinook salmon were implanted with trangmitters 5 mm X 12 mm
that weighed 0.8 g. Tranamitters were gadtricaly implanted into the fish following the
procedures of Martinglli et a. (1998). Tagged fish were held for approximately 24 h before

release.



Fish were released in groups of four, one fish a each of the study release Stes. On each
release date, fish were released in batches separated by 15 to 30 minutes to alow the previous
group of fishto exit theimmediate tallrace area. Limiting the number of sudy fish in the tailrace

alowed collection of fine-scale movement data on most of the radio-tagged fish.

Spillway Release System

A system modeled after Heisey et d. (1992) was used to release fish through the study
spillbays (Figure 1). Platforms were built to support 0.8-m diameter circular tanks
gpproximately 1 m above the pargpet wal on the spillway deck. Flexible hose (10-cm diameter)
was connected to the lower end of the tank, extended over the parapet wall, and routed to the pier
nose on the north side of each study spillbay. The flexible hose was protected from damage by
securing it ingde a 16-cm sted pipe fastened to the north pier nose wall. The sted pipe extended
goproximately 3 m above the forebay devation to apostion 1 m above the spillway crest. At its
lower end, a sweeping 45° angle piece of conduit guided fish away from the pier nose where they
encountered capture velocity and were pulled through the tainter gate. A submersible pumpin

the forebay supplied water to the release tank at a rate of 200 L/min.



Flex hose
Deck elevation 285 ft

Pier nose
Tainter gate

Normal pool
Elev. 263 ft

Fishrelease elev.
approx. 210 ft

Crest elev.
) approx 207 ft

Ogee

Figure 1. Schematic representation of the release system used to direct fish through specific spillbaysinto the
tailrace of John Day Dam, 2000. Not to scale.

Prior to releasing fish, the pumps were activated to fill the release tanks and diminate any
ar pockets within the rdlease hoses. A single radio-tagged fish was placed into each release
tank. Fish generdly exited the rdlease tank within 5to 10 s. Water from the submersible pump
was Smultaneoudy routed through the tank and hose system to ensure thet fish exited the hose at

the bottom. Fish were rdeased from dl four Steswithin severad minutes of each other.



Monitoring

Three exit Stes were established in the tailrace with the use of fixed sSte monitoring
equipment (fixed stations). Fixed stations were used to monitor the behavior and genera
movements of radio-tagged juvenile sdlmonids in the tailrace of JDA (Figure 2). The
configuration of fixed gtations was smilar to the design presented in Shively et d. (1995) and
Sheer et d. (1997). Exit Steswere located at the tip of the navigation lock (exit Sation 1), the
dredge idand (exit station 2) located 1.9 km downriver of the dam, and an exit Ste 5.3 km from
the dam (exit sation 3; Figure 2). To support fixed station data collection at exit ation 1, a
team member monitored radio-tagged fish from the western tip of the navigation lock peninsula
Data from exit station 2 was used to determine passage routes of fish as they passed the dredge

idand.
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Figure 2. The John Day Dam tailrace study area, 2000. Radio-tagged yearling chinook salmon and steelhead were
released from spillbays 2, 10, 18, and the juvenile bypass system during the spring of 2000. Radio-tagged
subyearling chinook salmon were released from spillbays 2, 10, 14, and the juvenile bypass system during the
summer of 2000.

Within the tailrace of JDA, boat tracking was used to collect fine-scde locations of fish.
Boat tracking methods were as described in Hendeigh et a. (1999). Once afish was detected at
close range (15-30 m), the location was recorded using a Globa Positioning System (GPS)
receiver. Boat tracking was focused on detecting fish at or near exit ation 1 to collect residence
timedata. Due to safety procedures at the dam, we were unable to operate our boat upriver of
the navigation lock, except when two boats were avallable. Since two boats were not regularly
available, boat tracking efforts upriver of the navigation lock were minima. The tracking boat
would generdly dtation itsdf as far upriver as possible and attempt to contact fish as they passed

exit gation 1. The boat would then move dowly downriver, atempting to get as many GPS



positions on an individud fish as possble. The mgority of tracking effort was locaized between
exit gations 1 and 2. The boat tracking data was used to supplement fixed station datain
determining dredge idand passage routes, verifying suspected predation events, and determining

exit times.

Drogue Deployment

We used drift buoys (drogues) to describe the hydraulic conditions likely encountered by
fishinthetalrace. During the spring outmigration, drogue releases were conducted at dl study
spillbays during D30% and N60% spill conditions. Drogue deployment at the juvenile bypass
system was difficult due to the presence of avian control cables and buoys near the bypass
outfal. Although we prefer to release drogues and fish through identica routes, this was not
possible at the juvenile bypass syssem. Drogues deployed into the bypass flume would have
become entangled in the cables near the outfal. Drogues were therefore deployed by boat. A
boat would approach the outfall and avian control cables within a safe distance (6-7 m) and
deploy adrogue from the boat so that it was released in the dominant outfall flow. Due to safety
concerns (i.e., approaching cables and buoys at night), drogue rel eases at the bypass were limited
to the DO% and D30% spill conditions. During the summer outmigration, drogue relesses were
conducted a the north, middle and bypass release stes during D30% spill and at al spillway
release sites during N60% spill. Drogues were monitored until they had moved downriver of the
tip of the navigation lock peninsula (exit sation 1). Some drogues were equipped with a GPS,
The GPS was configured to collect position information every second in order to accurately

describe the dominant path of movement through the tailrace.



Predation Events

Fixed station and boat tracking data allowed us to quantify suspected predation events.
Although radio telemetry does not dlow direct confirmation of predation events, it can be used
to identify individuas likely to have been depredated based on their datarecords. A predation
event was sugpected when a fish was continuoudly detected by a single fixed station for severd
hours. During boat tracking, a predation event was suspected when a fish was located in the
study area after the mgjority of fish from the current release had exited the Sudy area. These
suspected predation events were supported if further detections were not made by any fixed
dations downriver (e.g., a The Dales Dam), or if the fish was detected during subsequent
tracking sessons. Further confirmation of a suspected predation event occurred if fixed station
records established movement patterns that were consistent with predator behavior (see
Martindli and Shively 1997). Avian predation events were suspected when aradio tag was
detected by severd digtantly spaced fixed stations smultaneoudy. One avian predation event

was confirmed by recovery of aradio transmitter on a predacious bird colony.

Data Analysis

Residence time was our primary varigble of interest. We report residence time (min) to
exit sation 1 (0.7 km downriver of the dam), exit station 2 (1.9 km downriver), and exit station 3
(5.3 km downriver) starting from time of rdlease. These cdculations result in cumulative
resdence time as the fish move through the study area (i.e., resdence time to exit station 2
includes the time from release to exit station 1).

Residence time data were not normally distributed and were therefore naturd log

transformed to meet assumptions of normdity for parametric andyss. Resdud plots of raw and
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transformed data were used to confirm the appropriate transformation. Resdence time means
were presented as In mean (min) in graphs and back-transformed to the origind scaein tables.

Throughout the report, statigtica findings were reported as sgnificant when P< 0.05.
Multiple comparisons were made with Tukey’s Studentized Range Test. Release dates were
pooled if no significant release date or interaction effects were detected. |If the release date or the
interaction was sgnificant, data from each release were presented separately. Pairwise
comparisons were made with at-test.

Dam operations that varied from planned conditions complicated andyss of stedhead
data. The spill discharge during two of our three steelhead rel eases was 34% when the proposed
condition was N60% spill. The third steelhead release had 54% actud pill. The mean spill
percentage for these three releases was 41% when it was planned to be 60%. For this reason, we
elected not to make any statistical comparisons between the proposed D30% and N60%
conditions for steelhead. The range of spill discharge over the three releases was great enough
that we were not able to pool the release dates, therefore no Satistical comparisons were made
among relesse stes within N60% spill.

Drogue rel eases were summarized following the same procedures as fish rel eases.

Drogue and fish residence timesto exit station 1 were compared to determine if drogues

represented fish movements within the tallrace.
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RESULTS
YEARLING FISH
Dam Operating Conditions

Dam operating conditions were smilar to those proposed and remained relaively
cons stent throughout the study period (Table 1). The mean hourly totd discharge at JDA
between 25 April and 26 May ranged from 216 to 344 kcfs. The mean hourly spill discharge
ranged from 71 to 144 kcfs over the same period. The forebay and tailwater elevations were
relatively consstent throughout the releases. Dam operating conditions varied from planned
conditions during the first two steelhead releases (Table 1). During these two releases (4/25 and
5/01), the planned condition was N60% spill and the actud spill was 34%.

Y earling chinook salmon and steelhead releases during proposed D30% spill had actud
spill thet ranged from 29% to 31%, with a mean of 30%. During the proposed N60% spill,
actua spill ranged from 47% to 57%, with amean of 52%. Due to reduced discharge, the south
Spillway gates were closed during the last four release dates, affecting two rel eases each of

yearling chinook salmon and steehead (Table 1).
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Table 1. Dam operating conditions at John Day Dam during releases of radio-tagged yearling chinook salmon
(CH1), yearling steelhead (STH) and drogues, spring 2000. Values are means from atwelve-hour period from 0700
to 1900 hours or 1900 to 0700 hours. Discharge means (total and spill) are reported in kcfs. Forebay and tailwater

elevations are reported in feet. Proposed 30% and 0% spill was used during daytime only (D30% and D0%).

Proposed 60% spill was used during nighttime only (D60%). Data collected from http://www.nwd-

wc.usace.army.mil/TMT.

Total

Release Species Discharge Disstﬂgrge Forgbay Tail\{vater Plgnned Agtual
Date (kcfs) (kcfs) Elevation (ft)  Elevation (ft) Spill % Spill %
4/28/00 CH1 3101 924 263.6 164.0 D30% 29.8
5/04/00 CH1 2974 139.6 2635 163.1 N60% 46.9
5/07/00 CH1 264.8 79.7 2632 162.5 D30% 301
5/09/00 CH1 260.8 138.0 263.3 1611 N60% 529
5/19/00* CH1 244.2 74.8 263.6 1616 D30% 306
5/26/00* CH1 215.8 122.8 263.3 161.0 N60% 56.9
Release . _Total . Spill Foreba Tailwater Planned  Actua
Dae  PeCies D'(Slf:fasr)ge D'(S’If:g)ge Elevation%ft) Elevation (ft)  Spill % Spill %
4/25/00 STH 3222 1105 2635 164.1 N60% 34.3
5/01/00 STH 3437 1181 2635 164.5 N60% 344
5/12/00 STH 275.4 835 263.7 162.6 D30% 303
5/17/00 STH 239.7 709 2635 162.0 D30% 296
5/21/00* STH 251.3 134.9 2635 162.2 N60% 537
5/24/00* STH 271.2 80.0 2634 163.0 D30% 295
Release . _Total . Spill Foreba Tailwater Planned  Actua
Dae  PeCIeS D'(Slf:f"j‘sr)ge D'(Slfgfzr)ge Elevationxzft) Elevation(ft)  Spill%  Spill %
4/27/00 Drogue 3250 102.1 263.0 164.1 D30% 314
5/03/00 Drogue 3254 1325 2634 163.6 N60% 40.7
5/06/00 Drogue 3116 937 263.6 163.6 D30% 301
5/08/00 Drogue 3035 136.2 263.0 1635 N60% 44.9
5/11/00 Drogue 284.3 852 2636 163.0 D30% 300
5/13/00 Drogue 2238 68.3 263.6 1616 D30% 305
5/16/00 Drogue 2219 131.6 263.1 161.5 N60% 59.3
5/18/00 Drogue 256.8 773 2635 162.6 D30% 301
5/20/00 Drogue 2210 13 263.6 1616 D% 0.6
5/22/00 Drogue 2711 143.0 263.7 162.1 N60% 52.8
5/23/00 Drogue 3034 91.2 263.7 163.3 D30% 30.1
5/24/00 Drogue 2712 80.0 2634 163.0 D30% 295
5/25/00 Drogue 259.0 1443 263.1 162.2 N60% 55.7

* Sillbay 18, the south release site, was closed at the time of release.
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Number of Fish Released

A tota of 144 yearling chinook salmon and 138 stedlhead were released between 25
April and 26 May (Tables2 and 3). Sample sizes were gpproximately equd at the four study
release Sites and during the two spill conditions. The mean fork length of radio-tagged yearling
chinook salmon released during D30% spill was 166 mm with amean weight of 46 g (Table 2).
During N60% spill, the mean fork length was 179 mm and the mean weight was 57 g. Thetag
weight to body-weight ratio (TWBW) for yearling chinook salmon ranged from 2.5% to 3.3%
during D30% and from 2.2% to 2.7% during N60% spill. Mean fork lengths and weights of
yearling chinook salmon were not significantly different between release Stes or release dates at
ether D30% or N60% spills. Stedlhead had amean fork length of 214 mm and a mean weight of
80 g during D30% spill (Table 3). During N60% spill the fork length and weight means were
214 mmand 84 g (Table 3). The TWBW for steelhead ranged between 2.1% and 2.2% during
D30% spill and between 1.8% and 2.2% during N60% spill. Mean fork lengths and weights of
steelhead were not significantly different between release Sites or release dates at either D30% or

N60% spills.
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Table 2. Fork lengths and weights of yearling chinook salmon rel eased during daytime 30% (D30%) and nighttime
60% (N60%) spill volumes at John Day Dam, spring 2000. Within each spill condition, means without lettersin
common are significantly different based on Tukey’s Studentized Range Test (P<0.05).

Release Release _ Fork length (mm) Weight (q)
Date Site il N Median  Mean 95% Cl Median  Mean 95% Cl
4/28/00 Bypass D30% 7 160 162 160- 174 411 438 36.3-52.8
North D3% 7 157 159 153- 164 425 438 376-512
Midde D30% 7 165 162 150- 174 499 440 34.8-557
South D3% 7 149 151 143 - 159 346 353 302-412
5/07/00 Bypass D30% 3 182 183 169 - 199 633 65.2 532-799
North D30% 6 165 167 149 - 188 475 478 34.1-67.0
Midde D30% 6 166 170 148- 195 437 494 320-760
South D30% 6 169 167 152 - 184 497 481 36.3-637
5/19/00 Bypass D30% 6 183 182 166 - 200 612 57.8 427-782
North D30% 5 184 170 143 - 202 60.7 491 294-82.1
Midde D30% 6 164 168 142 - 199 436 43 26.6— 737
South* D30% O
Total Bypass D30% 16 179 174° 165 - 182 580 54.1° 453- 605
North D30% 18 159 165" 157 - 173 464 84" 40.3-537
Midde D30% 19 165 168" 157 - 176 450 489" 382-547
South D30% 13 153 158" 150 - 167 39.7 21" 34.7-478
Overall D30% 66 167 166 161 - 170 487 464 43.0-50.1
5/04/00 Bypass N60% 6 182 178 158 - 201 64.6 585 383-89.3
North N60% 6 183 181 170- 192 634 62.1 534-787
Midde N60% 6 178 170 150 - 199 54.7 498 315-90.6
South N6O% 4 172 176 155- 193 54.3 58.7 381-722
50900 Bypass N60% 6 1838 184 171- 198 67.1 62.7 522-753
North N60% 6 193 185 168 - 203 721 66.2 49.1-892
Midde N60% 5 168 167 158- 175 460 450 370-54.8
South N60% 5 176 176 166 - 183 55.8 555 455-67.8
5/26/00 Bypass N60% 11 184 185 175- 19 65.1 63.6 537-752
North N60% 13 183 182 174- 191 59.3 58.3 504-67.5
Midde  N60% 10 167 172 165 - 180 445 50.7 42.8-60.0
South*  N60% 0O
Total  Bypass N60% 23 187 a4’ 176 - 190 66.0 64.0° 55.1-69.7
North N6O% 25 184 183 177- 188 616 62.5" 555- 67.1
Middle N6 21 168 71A 165 - 176 46.0 51.0" 431-558
South N6O% 9 176 76 168 - 184 55.7 58.1% 487 - 66.6
Overall N60% 78 179 179 175- 182 59.3 57.3 539-60.9

* Spillbay 18, the south release site, was closed at the time of release.
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Table 3. Fork lengths and weights of yearling steelhead released during daytime 30% (D30%) and nighttime 60%
(N60%) spill volumes at John Day Dam, spring 2000. Within each spill condition, means without |etters in common

aresignificantly different based on Tukey’s Studentized Range Test (P<0.05).

Release Release _ Fork length (mm) Weight (q)
Date Site il N Median Mean 95% Cl Median Mean 95% Cl
512/00 Bypass D30% 5 210 217 194 - 243 804 844 634-112.1
North D3% 6 223 220 202- 238 95.2 90.2 686- 1185
Middle D30% 6 210 215 198- 233 75.8 84.3 613- 1157
South D30% 6 217 215 189 - 245 844 80.2 538-1195
517/00 Bypass D30% 5 201 208 193- 224 69.4 738 62.0- 879
North D30% 6 207 209 199 - 220 724 76.9 644-918
Middle D30% 5 19 201 189- 214 675 69.4 59.7 - 80.6
South D3% 6 214 216 206 - 228 80.9 822 69.1-97.7
5/24/00 Bypass D30% 11 219 216 208- 225 834 805 71.7-905
North D3% 7 215 210 188- 235 86.2 730 52.7-1011
Middle D30% 8 221 220 202 - 239 774 822 62.1- 1086
South* D30% O
Total Bypass D30% 21 210 215" 208- 221 75.8 810" 735-865
North D30% 19 215 214" 204- 222 86.2 8214 69.5-90.6
Midde D30% 19 210 2147 204- 222 711 825" 69.2-90.7
South D30% 12 214 216" 204- 228 80.9 840" 680-96.9
Overall D30% 71 210 214 210- 218 76.8 79.8 752-845
4/25/00 Bypass N60% 5 205 200 181- 221 75.2 705 525-94.6
North N60% 5 214 209 192- 226 865 784 632-973
Midde N60% 6 211 209 192 - 229 825 823 62.2-108.7
South N6O% 6 206 210 192- 229 76.3 794 64.2-983
50100 Bypass N60% 6 215 213 187 - 242 82.3 76.3 53.1-109.6
North N60% 5 220 219 190- 253 684 854 428-170.7
Midde N60% 5 213 210 180 - 247 85.6 828 50.3- 136.2
South N6O% 6 235 237 228 - 246 1132 1128 9.2- 1324
5/21/00 Bypass N6 7 @ 212 21 208- 236 838 91.8 794-104.0
North N60% 9 214 212 202- 223 830 82.3 715-94.7
Midde N60% 7 219 220 211- 230 80.0 86.3 74.1- 100.6
South*  N60% O
Total Bypass N60% 18 211 213" 202- 223 8L7 82.3" 702-90.9
North N60% 19 214 213 205- 221 830 859" 71.0- 950
Midde N60% 18 215 215" 205- 223 84.3 86.6" 737-95.7
South N6O% 12 229 204" 211- 236 1004 o7.4° 80.7-111.1
Overall N60% 67 214 214 210- 219 84.0 84.1 787-89.1

* Spillbay 18, the south release site, was closed at the time of release.
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Percent of Radio-Tagged Fish Detected

Overdl fixed gation detection of radio-tagged yearling chinook salmon (96%) was high,

with smilar detections during D30% spill (95%) and N60% spill (96%; Table 4). Boat tracking

within the JDA tailrace located 40% of the radio-tagged yearling chinook samon, with higher

detection during D30% spill (53%) than D60% spill (29%; Table 4).

Table4. Number of yearling chinook salmon (CH1) and steelhead (STH) released at John Day Dam (JDA) and the
number of fish detected using fixed gear stations and boat tracking during daytime 30% (D30%) and nighttime 60%

(N60%) spill volumes, spring 2000.

Number of Fisn detected with Fish located by boat

Species  Release date Spill sl S'[;(/'id gear stations & tracking at JDA

N (%) N (%)
CHL 4/28/00 D30% 28 26 (%) 2 @3
CH1 5/07/00 D30% 21 20 (95) 12 (57)
CH1 5/19/00 D30% 17 17 (100) 11 (65)
To D30% 66 63 (%) 35 (53)
CH1 5/04/00 N60% 2 21 (9%5) 732
CH1 5/00/00 N6O% 2 21 (%) 6 (27)
CH1 5/26/00 N60% % B (97) 10 (29)
Total N60% 78 75 (96) 23 (29)
Overall 144 138 (96) 58 (40)
STH 5/12/00 D30% 3 22 (96) 2 &)
STH 5/17/00 D30% 2 21 (%) 11 (50)
STH 5/24/00 D30% 26 2 (85) 13 (50)
Total D30% 71 65 (92) 36 (50)
STH 4/25/00 N60% 2 21 (%) 10 (45)
STH 5/01/00 N60% 77) 21 (95) 9 (41)
STH 5/21/00 N6O% 23 21 (91) 4 (17)
Total N60% 67 63 (%) 23 (34)
Overall 138 128 (93) 59 (43)

During D30% spill, total detections (fixed station and boat tracking) were highest at exit

station 1 (98%) and reduced at exit sations 2 (59%) and 3 (48%; Table 5). During N60% spill,

detections were highest at exit station 1 (95%), Smilar at exit stations 2 (72%) and 3 (71%; Table

5). Boat tracking locations of yearling chinook salmon by spill condition are presented in

Figure 3.
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Table 5. Release position, sample size (N), and percent of radio-tagged yearling chinook salmon (CH1) detected at
each of three exit stationsin the John Day Dam tailrace during daytime 30% (D30%) and nighttime 60% (N60%)
spill volumes, spring 2000. Exit station 1 (Exit 1) was at the western tip of the navigation lock peninsula (0.7 km
downriver of the dam). Exit station 2 (Exit 2) was on the dredge island (1.9 km downriver of the dam). Exit station
3 (Exit 3) waslocated 5.3 km downriver of the dam.

CH1 CH1 CH1
Release Release Sl Nugﬂ? of Detected Detected Detected
Date Position rel eased Exit1 Exit 2 Exit 3
N (%) N (%) N (%)
04/28/00 Bypass D30% 7 7(100) 1 (14) 3 4
North D30% 7 7(100) 4 (57) 3 4
Middle D30% 7 7(100) 5 (7)) 3 4
South D30% 7 7(100) 5 (7)) 1 (14
05/07/00 Bypass D30% 3 3(100) 2 (67) 3(100)
North D30% 6 5 (83 2 (33 4 (67)
Middle D30% 6 6 (100) 5 (83 6 (100)
South D30% 6 6 (100) 3 (50) 2 (33
05/19/00 Bypass D30% 6 6 (100) 4 (67) 3 (50)
North D30% 5 5(100) 3 (60) 1 (20
Middle D30% 6 6 (100) 5 (83 3 (50)

South* D30% 0
Total Bypass D30% 16 16 (100) 7 (44 9 (56)
North D30% 18 17 (49 9 (50) 8 (44
Middle D30% 19 19 (100) 15 (79) 12 (63)
South D30% 13 13 (100) 8 (62 3 (23
Overall D30% 66 65 (98) 39 (59) 32 (48)
05/04/00 Bypass N60% 6 6 (100) 3 (50) 5 (83)
North N60% 6 5 (83 4 (67) 4 (67)
Middle N60% 6 6 (100) 6 (100) 5 (83)
South N60% 4 4(100) 1 (25 4(100)
05/09/00 Bypass N60% 6 5 (83 5 (83 5 (83)
North N60% 6 6 (100) 6 (100) 4 (67)
Middle N60% 5 5(100) 5(100) 2 (40)
South N60% 5 5(100) 4 (80) 4 (80)
05/26/00 Bypass N60% 11 11 (200) 5 (45) 5 (45)
North N60% 13 13 (200) 11 (85) 10 (91)
Middle N60% 10 8 (80) 6 (60) 7 (70)

South* N60% 0
Total Bypass N60% 23 22 (96) 13 (57) 15 (65)
North N60% 25 24 (96) 21 (89 18 (72
Middle N60% 21 19 (90) 17 (81) 14 (67)
South N60% 9 9(100) 5 (56) 8 (89)
Overall N60% 78 74 (95) 56 (72) 55 (71)

*Spillbay 18, the south release site, was closed at the time of release.
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Figure 3. Locations of radio-tagged yearling chinook salmon in the John Day tailrace as determined by boat
tracking, during daytime 30% (D30%) and nighttime 60% (N60%) spill volumes. The numbers of individual fish
contracted are represented by N. Some individuals were detected more than once.
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Overdl fixed station detection of radio-tagged steelhead (93%) was high, and detections
were Smilar during D30% spill (92%), and N60% spill (94%; Table 4). Boat tracking within the
JDA tailrace located 43% of the fish overal, with higher detection during D30% spill (51%) than
N60% spill (34%; Table 4). During D30% spill, total detections were higher at exit station 1
(90%) than at exit stations 2 (62%) and 3 (80%; Table 6). During N60% spill, overall detections
were 90%, 66%, and 49% at exit stations 1, 2, and 3, respectively (Table 6). Boat tracking

locations of stedlhead by spill condition are presented in Figure 4.
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Table 6. Release position, sample size (N), and percent of radio-tagged yearling steelhead (STH) detected at each of
three exit stationsin the John Day Dam tailrace during daytime 30% (D30%) and nighttime 60% (N60%) spill
volumes, spring 2000. Exit station 1 (Exit 1) was at the western tip of the navigationlock peninsula (0.7 km
downriver of the dam). Exit station 2 (Exit 2) was on the dredge island (1.9 km downriver of the dam). Exit station

3 (Exit 3) waslocated 5.3 km downriver of the dam.

STH STH STH
Release Release Sl Nugll?ﬁr of Detected Detected Detected
Date Site released Exit1 Exit 2 Exit 3
N (%) N (%) N (%)
05/12/00 Bypass D30% 5 5(100) 5(100) 5(100)
North D30% 6 6(100) 6 (100) 5 (83)
Middle D30% 6 6 (100) 6 (100) 5 (83)
South D30% 6 5 (83) 3 (50) 2 (33
05/17/00 Bypass D30% 5 5(100) 4 (60) 5(100)
North D30% 6 6 (100) 4 (67) 5 (83)
Middle D30% 5 4 (80) 4 (80) 5(100)
South D30% 6 5 (83 3 (50) 5 (83)
05/24/00 Bypass D30% 11 11 (100) 4 (36) 10 (91)
North D30% 7 5 (71 2 (29 5 (71)
Middle D30% 8 6 (75) 3 (38) 5 (63)

South* D30% 0
Total Bypass D30% 21 21(100) 13 (62 20 (95)
North D30% 19 17 (89) 12 (63) 15 (79)
Middle D30% 19 16 (84) 13 (68) 15 (79
South D30% 12 10 (83) 6 (50) 7 (58)
Overall D30% 71 64 (90) 14 (62) 57 (80)
04/25/00 Bypass N60% 5 5(100) 4 (80) 3 (60)
North N60% 5 4 (80) 3 (60) 1 (20
Middle N60% 6 5 (83 6 (100) 2 (33
South N60% 6 6 (100) 5 (83 3 (50)
05/01/00 Bypass N60% 6 6 (100) 3 (50) 5 (83)
North N60% 5 4 (80) 1 (20) 1 (20
Middle N60% 5 5(100) 4 (80) 3 (60)
South N60% 6 6 (100) 3 (50) 5 (83)
05/21/00 Bypass N60% 7 6 (86) 5 (7)) 4 (57)
North N60% 9 6 (67) 3 (33 1 (11
Middle N60% 7 7(100) 7(100) 5 (7))

South* N60% 0
Total Bypass N60% 18 17 (%9 12 (67) 12 (67)
North N60% 19 14 (74) 7 (37) 3 (16)
Middle N60% 18 17 (49 17 (949) 10 (56)
South N60% 12 12 (100) 8 (67) 8 (67)
Overall N60% 67 60 (90) 44  (66) 33 (49)

* Spillbay 18, the south release site, was closed at the time of release.
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Figure 4. Locations of radio-tagged yearling steelhead in the John Day tailrace as determined by boat tracking,
during daytime 30% (D30%) and nighttime 60% (N60%) spill volumes. The number of individual fish detected are
represented by N. Some individuals were detected more than once.
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Residence Time to Exit Station 1

The mean residence times of north, south, and bypass yearling chinook salmon were
sgnificantly different during D30% and N60% spill. South fish showed a sgnificant decrease
(P =0.03) in mean residence time from D30% (9 min) to N60% (5 min; Table 7). Fish released
through the north spillway demongtrated the opposite trend; their mean residence time at N60%
(9 min) was significantly higher (P = 0.02) compared to D30% (7 min;). Fish released through
the juvenile bypass system demondirated a trend Smilar to north fish, but the difference between
the mean residence time during N60% (15 min) and D30% (9 min) was only margindly
ggnificant (P=0.05). During D30% spill, there were no significant differencesin mean residence
time among release Sites (Table 7). During N60% spill, yearling chinook salmon released
through the bypass had a significantly higher (P < 0.01) overall mean residence time (15 min)
than north (9 min) and middle fish (6 min; Table 7).

Residence times of steelhead were smilar a al release locations during both saill
conditions. The overal mean residence times of steelhead during D30% spill were not
ggnificantly different between bypass (8 min), north (8 min), and middle fish (7 min; Table 8).
During N60% spill, the mean residence time of middle fish (5 min) was lower than north fish (7
min) and bypass fish (8 min; Table 8). South fish had higher mean residence times than the
other release sties during both D30% and N60% spill, but no Satistica comparisons were made.

Statistical comparisons between steelhead residence times during D30% and N60% spill
were not possible due to low spill discharge (34%) during planned 60% spill. A smple
comparison of D30% and N60% can be made by using the steelhead release on 21 May (54%
spill) to represent the planned N60% condition. This comparison showed that resdence times of

north and middle fish were smilar under the two spill conditions. Steelhead released through the
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bypass during 54% spill had a mean residence time (20 min) more than double the mean

residence time during D30% spill (8 min; Table 8). The numbers of fish used for this

comparison were low, suggesting that these data be interpreted with caution.

Table 7. Sample size (N) and residence time (min) at exit station 1 (north tip lock peninsula, 0.7 km downriver of
the dam) of radio-tagged yearling chinook salmon during daytime 30% (D30%) and nighttime 60% (N60%) spill
volumes, spring 2000. Within each spill condition, means without lettersin common are significantly different
based on Tukey’ s Studentized Range Test (P<0.05).

Residence Time (min)

Release Release Sl N
Date Site Median Mean 95% Cl
04/28/00  Bypass D30% 7 101 115 89-150
North D30% 7 6.5 6.3 46-87
Middle D30% 7 46 70 24-204
South D30% 7 104 10.8 7.6-154
05/07/00  Bypass D30% 3 10.7 10.8 87-137
North D30% 5 6.6 6.8 54-86
Middle D30% 6 5.7 85 23-318
South D30% 6 90 76 25-229
05/19/00  Bypass D30% 7 6.7 6.2 34-112
North D30% 5 47 6.6 28-154
Middle D30% 7 41 4.4 28-68
South* D30% 0
Overall  Bypass D30% 17 99 88" 6.7-116
North D30% 17 6.5 65" 53-81
Middle D30% 20 46 63" 4.0-100
Southt D30% 13 93 9.2 58-14.4
05/04/00  Bypass N60% 6 91 76 34-173
North N60% 5 7.7 96 52-178
Middle N60% 6 46 51 32-81
South N60% 4 4.4 40 25-64
05/09/00  Bypass N60% 6 22 196 4.4-864
North N60% 6 6.6 6.9 52-92
Middle N60% 5 58 55 35-85
South N60% 5 56 52 22-122
05/26/00  Bypass N60% 11 230 184 10.1- 335
North N60% 15 98 97 75-126
Middle N60% 8 6.1 6.2 36-106
South* N60% 0
Overall Bypass N60% 23 176 14.9° 94-235
North N60% 26 81 9.0P 44-72
Middle N60% 19 58 5.6° 75-107
Southt N60% 9 48 46 30-70

* Spillbay 18, the south release site, was closed at the time of release.
T South fish were not used in this compar son.
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Table 8. Sample size (N) and residence time (min) at exit station 1 (north tip lock peninsula, 0.7 km downriver of
the dam) of radio-tagged yearling steelhead during daytime 30% (D30%) and nighttime 60% (N60%) spill volumes,
spring 2000. Within each spill condition, means without lettersin common are significantly different based on
Tukey’s Studentized Range Test (P<0.05).

Residence Time (min)

Release Release Sl N
Date Site Median Mean 95% Cl
05/12/00  Bypass D30% 5 49 57 37-89
North D30% 6 6.2 6.5 43-98
Middle D30% 6 6.5 76 32-185
South D30% 5 91 104 50-216
05/17/00  Bypass D30% 5 10.7 116 6.2-217
North D30% 6 6.6 81 25-256
Middle D30% 4 6.7 6.3 42-96
South D30% 5 16.3 185 6.2-55.2
05/24/00  Bypass D30% 1 9.2 8.7 56-133
North D30% 6 76 90 51-158
Middle D30% 6 5.7 6.9 31-154
South* D30% 0
Overall  Bypass D30% 21 92 84" 64-110
North D30% 18 6.7 7.8 55-11.1
Middle D30% 16 6.2 700 49-100
Southt D30% 10 127 139 80-240
04/25/00  Bypass N60% 5 16 32 0.7-143
North N60% 4 85 7.2 34-97
Middle N60% 5 76 6.4 46-89
South N60% 6 256 179 42-760
05/01/00  Bypass N60% 6 75 6.3 33-117
North N60% 4 103 10.3 6.6-159
Middle N60% 5 32 46 22-97
South N60% 6 84 74 32-170
05/21/00  Bypass N60% 6 209 20.2 16.3- 25.2
North N60% 6 6.5 56 25-123
Middle N60% 7 51 47 37-60
South* N60% 0
Overall’  Bypass N60% 17 103 78 46-133
North N60% 14 80 71 51-10.1
Middle N60% 17 51 51 42-62
South N60% 12 11.2 115 55-24.1

* Spillbay 18, the south release site, was closed at the time of release.
T South fish were not used in this comparison.

? Release sites were not compared.
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Residence Time to Exit Station 2

Y earling chinook salmon residence times to exit station 2 were significantly different
between spill conditions and among release sites. North and bypass yearling chinook saimon
hed sgnificantly different mean residence times during D30% and N60% spill. The mean
resdence time of north fish during D30% spill (17 min) was sgnificantly lower (P < 0.01) than
N60% spill (26 min). Thistrend was stronger for bypass fish; their mean residence time was
ggnificantly higher (P < 0.01) and twice aslong a N60% (46 min) compared to D30% (24 min).
The overal mean resdence times of yearling chinook salmon during D30% spill were not
sgnificantly different between north fish (17 min), bypass fish (24 min), and middle fish (22
min; Table 9). South fish had an overal mean resdence time of 26 min (Table9). During
N60% spill, the mean residence time of fish released from the north spillway (26 min) was
sgnificantly higher (P<0.01) than middle fish (20 min) and significantly lower than bypassfish
(46 min; Table 9). South fish had an overdl mean resdence time of 14 min (Table 9).

Overdl mean residence times of steelhead released during D30% spill were not
sgnificantly different between north fish (23 min), bypass fish (29 min), and middle fish (29
min; Table 10). South fish had an overal mean residence time of 35 min at D30% spill and 51
min at N60% spill (Table 10). Middle and north fish had the shortest mean residence times
during N60% spill (22-24 min). The residence time of bypass fish during N60% spill was 31

min (Table 10).
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Table9. Sample size (N) and residence time (min) at exit station 2 (dredge island, 1.9 km downriver of the dam) of
radio-tagged yearling chinook salmon during daytime 30% (D30%) and nighttime 60% (N60%) spill volumes,
spring 2000. Within each spill condition, means without lettersin common are significantly different based on
Tukey’s Studentized Range Test (P<0.05).

Release Release il \ Residence Time (min)
. |
Date Site Median Mean 95% Cl
04/28/00  Bypass D30% 1 237 237
North D30% 4 17.0 16.6 130-20.1
Middle D30% 5 165 28 150- 416
South D30% 5 295 287 215-411
05/07/00  Bypass D30% 2 22 21 206-238
North D30% 2 16.6 16.4 14.4- 187
Middle D30% 5 193 273 16.6- 1309
South D30% 3 216 218 20.7-233
05/19/00  Bypass D30% 4 26.0 253 21.6-282
North D30% 3 171 16.7 154-17.8
Middle D30% 5 192 175 139-19.7
South* D30% 0
Overall  Bypass D30% 7 238 240" 20.6- 282
North D30% 9 171 166" 13.0-20.1
Middle D30% 15 192 224 139- 1309
Southt D30% 8 231 25.8 20.7-411
05/04/00  Bypass N60% 3 27.7 24.9 19.7-28.3
North N60% 4 309 280 152-545
Middle N60% 6 17.8 176 138-210
South N60% 1 181 18.1
05/09/00  Bypass N60% 5 537 701 479-1399
North N60% 6 25 219 16.6- 274
Middle N60% 5 19.7 217 16.6- 355
South N60% 4 17.9 134 22-455
05/26/00  Bypass N60% 5 458 426 315-526
North N60% 11 302 285 183-417
Middle N60% 6 199 208 17.2- 269
South* N60% 0
Overall  Bypass N60% 13 479 456" 19.7-1399
North N60% 21 27.2 2638 152-545
Middle N60% 17 196 199° 138-355
Southt N60% 5 181 14.3 22-455

* Spillbay 18, the south release site, was closed at the time of release.
T South fish were not used in this comparison.
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Table 10. Samplesize (N) and residence time (min) at exit station 2 (dredgeisland, 1.9 km downriver of the dam)
of radio-tagged yearling steelhead during daytime 30% (D30%) and nighttime 60% (N60%) spill volumes, spring
2000. Within each spill condition, means without lettersin common are significantly different based on Tukey’s
Studentized Range Test (P<0.05).

Release Release Residence Time (min)
) ill N
Date Site » Median Mean 95% Cl
05/12/00  Bypass D30% 5 286 320 205- 685
North D30% 6 183 200 16.2- 282
Middle D30% 6 265 351 17.3-176.7
South D30% 3 351 346 305-387
05/17/00  Bypass D30% 4 212 223 203-27.1
North D30% 4 332 312 12.7- 742
Middle D30% 4 242 237 171-322
South D30% 3 343 351 252 -499
05/24/00  Bypass D30% 4 250 334 207 - 965
North D30% 2 199 19.8 175-223
Middle D30% 3 1538 25.7 143-753
South* D30% 0
Overall  Bypass D30% 13 245 291" 203- 965
North D30% 12 206 2314 12.7-742
Middle D30% 13 220 2914 14.3-176.7
Southt D30% 6 4.7 34.8 252-499
04/25/00  Bypass N60% 4 242 227 14.7- 308
North N60% 3 233 26.0 232-326
Middle N60% 6 19.7 224 155-52.3
South N60% 5 57.1 68.0 388-114.3
05/01/00  Bypass N60% 3 236 231 19.8- 26,6
North N60% 1 25 225
Middle N60% 4 210 217 19.4- 688
South N60% 3 336 311 265- 339
05/21/00  Bypass N60% 5 50.0 485 36.4-64.2
North N60% 3 202 217 17.6- 288
Middle N60% 7 171 189 14.0-381
South* N60% 0
Overall’  Bypass N60% 12 287 312 14.7-64.2
North N60% 7 232 236 17.6- 326
Middle N60% 17 192 220 14.0- 688
South N60% 8 471 50.9 265-114.3

* Soillbay 18, the south release site, was closed at the time of release.
T South fish were not used in this comparison.

? Release sites were not compared.
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Residence Time to Exit Station 3

Mean residence times of yearling chinook saimon were not sgnificantly different during
D30% and N60% spill. The mean residence time of north yearling chinook salmon during
D30% spill (62 min) was not sgnificantly different than middle fish (66 min) or bypassfish (82
min; Table 11). South fish had a mean residence time of 83 min (Table 11). During N60% spill,
bypass fish had a significantly higher (P < 0.01) mean residence time (91 min) than north fish
(73 min) or middle fish (64 min; Table 11). The mean residence time of south fish during N60%
Sill was 77 min (Table 11).

Mean residence times of stedhead were not significantly different among release Sites
during D30% spill. The overdl mean residence times of middle fish (100 min) was higher than
bypass fish (78 min) or north fish (61 min; Table 12). The mean residence time of middle fish
was elevated by afish released on 12 May that had aresidencetime of 73 h. South fish had an
overal mean resdence time of 96 min (Table 12). During N60% spill, the mean resdence time
of south fish (99 min) was higher than north fish (77 min), bypass fish (72 min), and middle fish

(65 min; Table 12).
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Table 11. Samplesize (N) and residence time (min) at exit station 3 (5.3 km downriver of the dam) of radio-tagged
yearling chinook salmon during proposed 30% and 60% spill, spring 2000. Within each spill condition, means
without lettersin common are significantly different based on Tukey’s Studentized Range Test (P<0.05).

Release Release il \ Residence Time (min)
. |
Date Site Median Mean 95% Cl
04/28/00  Bypass D30% 3 813 749 428-1312
North D30% 3 526 504 34.6-1019
Middle D30% 3 484 496 365-67.4
South D30% 1 83.8 83.8
05/07/00  Bypass D30% 3 97.4 96.2 55.0 - 168.4
North D30% 4 63.0 64.0 457-89.6
Middle D30% 6 67.0 765 49.1-119.1
South D30% 2 870 824 1.2-5884.6
05/19/00  Bypass D30% 3 751 754 69.7- 816
North D30% 1 65.3 65.3
Middle D30% 3 66.1 67.1 35.1-1281
South* D30% 0
Overall Bypass D30% 9 78.0 816" 69.9- 954
North D30% 8 63.0 62.4" 53.4-728
Middle D30% 12 635 66.4" 52.8-835
Southt D30% 3 83.8 828 35.9- 1909
05/04/00  Bypass N60% 5 65.0 65.6 57.6-74.7
North N60% 4 655 69.5 40.3-119.9
Middle N60% 5 498 517 46.1-57.9
South N60% 4 63.7 66.1 54.3-80.3
05/09/00  Bypass N60% 5 136.7 1237 85.7- 1786
North N60% 4 625 63.0 529-748
Middle N60% 2 68.8 68.2 13.3-3509
South N60% 4 886 894 65.4-122.2
05/26/00  Bypass N60% 5 95.6 917 79.7- 1054
North N60% 10 722 787 65.6- 94.3
Middle N60% 7 75.0 724 62.6-83.7
South* N60% 0
Overall Bypass N60% 15 86.4 90.6" 75.8- 1083
North N60% 18 70.1 729° 64.1- 828
Middle N60% 14 59.9 63.6° 565 - 71.7
Southt N60% 8 759 769 639-925

* Spillbay 18, the south release site, was closed at the time of release.

T South fish were not used in this comparison.
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Table 12. Sample size (N) and residence time (min) at exit station 3 (5.3 km downriver of the dam) of radio-tagged
yearling steelhead during daytime 30% (D30%) and nighttime 60% (N60%) spill volumes, spring 2000. Within
each spill condition, means without lettersin common are significantly different based on Tukey’s Studentized

Range Test (P<0.05).
Release Release il \ Residence Time (min)
Date Site Median Mean 95% Cl

05/12/00  Bypass D30% 5 714 78.0 55.7 - 109.2
North D30% 5 63.8 639 324-1257
Middle D30% 5 63.7 1884 19.1- 1860.7
South D30% 2 812 810 321-2048

05/17/00  Bypass D30% 5 62.8 772 52.3-1139
North D30% 5 68.1 65.3 480-888
Middle D30% 5 70.0 817 55.1- 1212
South D30% 5 1191 102.7 724-1456

05/24/00  Bypass D30% 10 65.7 781 50.7 - 102.0
North D30% 5 56.4 54.9 38.4-785
Middle D30% 5 57.3 64.7 429-978
South* D30% 0

Overall  Bypass D30% 20 65.7 778" 67.0-84.2
North D30% 15 63.8 612" 50.0-74.8
Middle D30% 15 67.0 99.9" 53.7- 1859
Southt D30% 7 87.2 96.0 754-1221

04/25/00  Bypass N60% 3 579 610 380-97.9
North N60% 1 84.3 84.3
Middle N60% 2 60.0 50.9 36.3-989
South N60% 3 196.4 2431 52.8-1119.7

05/01/00  Bypass N60% 5 63.4 64.0 531-771
North N60% 1 54.9 54.9
Middle N60% 3 58.4 69.7 279-1739
South N60% 5 68.3 58.0 33.4-1007

05/21/00  Bypass N60% 4 29 936 69.4-126.1
North N60% 1 97.2 97.2
Middle N60% 5 559 639 465-87.8
South* N60% 0

Overall’  Bypass N60% 12 70.2 718 612-84.2
North N60% 3 84.3 76.6 36.6- 160.3
Middle N60% 10 58.0 64.8 541-775
South N60% 8 739 99.3 47.6- 206.6

* Spillbay 18, the south release site, was closed at the time of release.
T South fish were not used in this comparison.

? Release sites were not compared.
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Dredge | land Passage

North and middle fish generaly passed to the north side of the dredge idand, while south
and bypass fish generdly passed to the south of theidand (Figures 5 and 6). Y earling chinook
sdmon released from the south spillway passed the idand on the south side during N60% spill,
but north and south passage was approximately equal during D30% spill (Figure 5). Steelheed
released from the middle spillway passed the idand via north (38%) and south (46%) routesin
roughly equa percentages during D30% spill, but during N60% spill the passage route was
predominately north (65%; Figure 6). Steelhead released from the south spillway passed the
idand on the south side (83%) during both D30% spill (83%) and N60% spill (78%; Figure 6).
Bypass fish congstently passed to the south of the idand during both D30% and N 60% spill

conditions (Figures 5 and 6).
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Figure5. Island passage routes of yearling chinook salmon released at John Day Dam during daytime 30% (D30%)
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and nighttime 60% (N60%) spill volumes, spring 2000. Passage was determined using data gathered by the fixed

station on the dredge island. Sample sizes are indicated above the bars. Therelease sites are referred to as north

(bay 2), middle (bay 10), south (bay 18), and bypass.

33



D30% Spill

100 r 5

80 [

60
I

- 1
8 20 F .
et -
8 C
g
0 .
8 100 - N60% Spill
@ -
= 80 - 5
§ 60 —
8 40 - 2
o} -
TP l T
- 0 | -
North M |ddIe South Bypass
Release site
North island passage ™= sSouth island passage = Unknown island passage

Figure 6. Island passage routes of yearling steelhead released at John Day Dam during daytime 30% (D30%) and
nighttime 60% (N60%) spill volumes, spring 2000. Passage was determined using data gathered by the fixed station
onthedredgeisland. Sample sizes areindicated above the bars. Therelease sites are referred to as north (bay 2),
middle (bay 10), south (bay 18), and bypass.

Drogue Releases

Residence times of north and middle drogues to exit station 1 were significantly lower
than south or bypass drogues, regardless of condition. During D30% spill, the mean residence
times of north (4 min) and middle drogues (4 min) were smilar, and both were sgnificantly
lower (P < 0.01) than bypass (8 min) and south drogues (19 min; Table 13). During N60%, the
mean residence times of north (6 min), middle (3 min), and south (11 min) drogues were

sgnificantly different (P < 0.01; Table 13). Mean residence times of north drogues (P=0.04),
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middle drogues (P=0.01) and south drogues (P=0.03) were sgnificantly higher during D30%
spill than during N60% spill. Bypass drogue rel eases were restricted to the D0% and D30% spill
conditions. The mean resdence time of bypass drogues a D30% spill (8 min) was sgnificantly

higher (P < 0.01) than at D0% spill (5 min; Table 13).

Table 13. Drogue residence times during daytime 0% (D0%), daytime 30% (D30%) and nighttime 60% (N60%)
spill volumes at John Day Dam, spring 2000. Drogue residence times were calculated at exit station 1 (tip of the
navigation lock peninsula, 0.7 downriver of the dam). Within each spill volume, means without | ettersin common
aresignificantly different based on Tukey’s Studentized Range Test (P<0.05).

Release Residence Time (min)
. ill N

Site = Median Mean 95% Cl
Bypass D% 15 56 54 49-58
Bypass D30% 8 72 75° 69-82
North D30% 25 38 41¢ 36-4.7
Middle D30% 29 34 37 33-40
South D30% 14 20.1 1914 155-23.3
North N60% 20 5.4 55° 43-72
Middle N60% 20 32 3¢ 30-34
South N60% 8 101 11.0°8 55-222

Drogues equipped with GPS units alowed visudization of the drift path through the
tallrace. Drogues released from the south spillway during D30% spill generdly became caught
in eddies within the boat restricted zone (BRZ) and traveled north of the release site (Figure 7).
The extreme residence times of south drogues (20 min or more) occurred when drogues followed
thisroute. Two of the 25 drogues released from the north spillway stdled in eddies near thetip
of the navigation lock peninsuladuring D30% spill (Figure 7). During N60% spill, none of the
north drogues were delayed. All middle drogues moved directly downriver during both spill

conditions. Bypass drogues followed the contours of the south shoreline (Figure 7). Two
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Figure 7. Drogues released from the north, middle, south spillway, and the juvenile bypass system, during daytime
30% (D30%) and nighttime 60% (N60%) spill volumes at the John Day Dam, spring 2000. The lines shown
indicate the route taken by drogues equipped with Global Positioning System units.
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drogues were dlowed to drift further downriver (Figure 8). The path of the middle drogue

suggests a possible path of middie fish as they pass south of the dredge idand.

Exit Station 1
(Tip of Navlock)

1000 Meters

Figure 8. Route of drogues released from the north and middle spillway during daytime 30% (D30%) spill volumes
at the John Day Dam, spring 2000. The drogues were equipped with Global Positioning System units.

Drogues appeared to represent the movements of steelhead better than they did yearling
chinook saimon. During both D30% and N60% spill, the mean residence times of drogues and
yearling chinook sdmon were significantly different at the north (P < 0.01), middle (P < 0.01)
and south spillway (P < 0.01) (Figure 9). Drogue and steelhead mean residence times were
sgnificantly different a the middle spillway release stes during both spill conditions (P<0.01;
Figure 9). At the north release site, mean residence times of drogues and steelhead were
ggnificantly different during D30% spill (P<0.01), but not Sgnificartly different during N60%
sill (Figure 9). Regardless of spill condition, mean residence times of drogues and stedhead
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released through the south spillway were not significantly different. At the juvenile bypass
outfall, the resdence times of drogues were not Sgnificantly different from chinook or steelheed
during D30% spill. Drogues were not released during N60% spill, therefore no comparisons

were made.
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Figure9. Mean residence times of drogues, yearling chinook salmon and yearling steelhead, during daytime 30%
(D30%) and nighttime 60% (N60%) spill volumes, spring 2000. Sample sizes areindicated in parentheses. Vertical
lines represent one standard error of the mean. Within each release site, significant differences between drogues,
yearling chinook salmon and yearling steelhead areindicated by *, based on the t-test where P < 0.05. Drogues
were not released from the bypass during N60%.

Where sgnificant differences existed between the residence times of drogues and
steelhead, the drogues consstently had the lower resdence time (Figure 9). Y earling chinook

sdmon traveled sgnificantly dower than drogues when released at the north and middle
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spillway locations, but traveled sgnificantly faster than drogues when released at the south
spillway (Figure 9). Drogue resdence times that were sgnificantly different from fish resdence

times suggest that fish did not behave like passive particles.

Predation Events

Fixed gtation records and boat tracking locations suggest that seven radio-tagged yearling
chinook salmon and five radio-tagged stedhead were preyed upon within the JDA tailrace. All
predation events involved fish released through the north spillway. The seven yearling chinook
sdmon were consumed during D30% spill. Two stedlhead were eaten during D30% spill, and
three predation events occurred during N60% spill. All predation events are suspected to have
occurred near the navigation lock, within the BRZ.

Six avian predation events were documented. Radio transmitters from six steelhead
released at JDA were recovered at predacious bird colonies within the Columbia River and the
estuary. Based on fixed station records, dl of these fish left our study area before they were

consumed.
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SUBYEARLING FISH
Dam Operating Conditions
Dam operating conditions were Smilar to those proposed and remained rlatively
congstent throughout the study period (Table 14). The mean hourly total discharge during
releases of radio-tagged fish between 01 July and 18 July ranged from 112 to 187 kcfs. The
mean hourly spill discharge ranged from 33 to 102 kcfs over the same period (Table 14). The

forebay and tallwater elevations were relatively congstent throughout our rel eases.

Table 14. Dam operating conditions at John Day Dam during releases of radio-tagged subyearling chinook salmon
(CHO) and drogues, summer 2000. Values are means from atwelve hour period from 0700 to 1859 hours or 1900

to 0659 hours. Spillbay 14, the south release site, was closed during 30% spill. Discharge means(total and spill)
arereported in kcfs. Forebay and tailwater elevations are reported in feet. Proposed 30% and 0% spill was used
during daytime only (D30% and D0%). Proposed 60% spill was used during nighttime only (N60%). Data
collected from http://www.nwd-wc.usace.army.mil/TMT.

Total Spill

Release . . . Foreba) Tailwater Planned Actual
Date PSS D'(Slfg"f‘;)ge D'(Slfgasr)ge Elevation)Eft) Elevation (ft)  Spill%  Spill %
7/01/00 CHO 1540 46.1 2634 160.3 D30% 299
7/03/00 CHO 1115 332 2632 159.6 D30% 20.8
7/05/00 CHO 1825 0.7 2635 161.1 N60% 546
7/06/00 CHO 1874 1017 2639 1614 N60% 54.3
7/08/00 CHO 176.7 51 263.8 160.5 D30% 30.6
7/10/00 CHO 167.1 87.3 2637 160.1 N60% 52.2
7/12/00 CHO 1654 83.8 2636 159.9 N60% 53.7
7/14/00 CHO 172.2 R7 263.8 160.1 N60% 538
7/16/00 CHO 139.3 416 2637 160.2 D30% 299
7/18/00 CHO 180.8 529 264.0 161.0 D30% 293
Release . .Total . Spill Foreba Tailwater Planned Actual
Date  PeUIeS D'(Slfgir)ge D'(Slfgasr)ge Elevation)zft) Elevation(ft)  Spill % Spill %
7/02/00 Drogue 156.4 476 263.6 160.2 D30% 304
7/07/00 Drogue 236.6 70.3 2639 162.0 D30% 297
7/09/00 Drogue 1845 548 264.0 1614 D30% 297
7/11/00 Drogue 178.1 A3 2637 163.2 N60% 529
7/12/00 Drogue 1799 15 264.0 161.2 D0% 0.8
7/13/00 Drogue 1826 97.9 2638 160.5 N60% 53.6
7/17/00 Drogue 148.1 443 263.9 160.7 D30% 29.9
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During proposed D30% spill, actud spill ranged from 29% to 31%, with amean of 30%.
During proposed N60% spill, actud spill ranged from 52% to 55%, with amean of 54%. Dueto

reduced river flows, the south spillway was closed during day releases.

Number of Fish Released

One hundred fifty subyearling chinook salmon were released between 01 July and 18
July. Sample sizes were approximately equd a the four study release sites and during the two
Fpill conditions. Fish rdeased during D30% spill had an overdl mean fork length of 120 mm
and amean weight of 20 g (Table 15). Fish released during N60% spill had an overadl mean fork
length of 118 mm with amean weight of 19 g (Table 16). The TWBW ratio for subyearling
chinook salmon released during D30% ranged between 3.9% and 4.0%. During N60% the ratio
ranged between 4.1% and 4.3%. Mean fork lengths and weights of subyearling chinook salmon
were not sgnificantly different between release Sites or release dates at elther D30% or N60%

soill leves
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Table 15. Fork lengths and weights of subyearling chinook released during daytime 30% (D30%) spill volume at
John Day Dam, summer 2000. Means without lettersin common are significantly different based on Tukey’s

Studentized Range Test (P<0.05).
Release Release . Fork length (mm) Weight (g)
) Spill N
Date Site Median Mean 95% Cl Median Mean 95% Cl

7/0/00 Bypass D30% 4 1275 1272 1220- 1326 21 25 19.2-26.3
North D30% 4 1199 1207 111.1- 1310 186 190 141-255
Midde D30% 4 1215 1207 112.4- 1295 190 19.2 155-23.7
7/03/00 Bypass D30 4 1140 1142 111.1- 1176 17.3 175 155-19.8
North D30% 4 1155 1157 1106- 121.0 17.3 175 146-211
Middle D30% 4 1174 117.4 1085- 127.0 183 187 135-26.1
7/08/00 Bypass D30% 4 1227 124.0 104.7 - 146.8 212 216 124-379
North D30% 4 1135 1151 107.1- 1237 16.6 17.3 130-232
Midde D30% 3 1140 114.7 105.0- 125.1 17.0 17.4 136-22.2
7/16/00 Bypass D30% 6 1205 1253 111.4- 1409 196 20 158- 306
North D% 6 1275 1272 118.7- 1365 24.7 24.1 194-299
Middle D30% 7 1260 1284 120.8- 136.3 24.2 255 221-299
7/18/00 Bypass D30 7 1160 1165 115.1- 1179 194 192 18.1-205
North D30% 7 1160 1151 112.3- 1184 19.2 186 17.4-19.8
Middle D30% 7 1160 1163 114.2- 1180 1838 185 17.2- 200
Total Bypass D30% 25 1180 121.0° 117.3- 1250 195 205" 18.7-224
North D30% 25 1160 189" 1160- 1219 192 195" 180-21.1
Middle D30% 25 1190 1202* 117.2- 1233 19.6 202° 18.7-219
Overall D30% 75 1180 1201 118.3- 1219 195 20.0 19.1-210
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Table 16. Fork lengths and weights of subyearling chinook released during nighttime 60% (N60%) spill volume at
John Day Dam, summer 2000. Means without lettersin common are significantly different based on Tukey’s
Studentized Range Test (P<0.05).

Release Release . Fork length (mm) Weight (g)
Date Site Spill N ; ;
Median Mean 95% Cl Median  Mean 95% Cl
7/05/00 Bypass N60% 3 114.0 1130 108.7-1174 16.7 165 13.1-20.7
North N60% 3 121.0 1255 1054 - 149.3 27 245 158-37.8
Middle N60% 3 116.0 116.6 107.0- 1271 184 186 128-27.0
South N60% 3 128.0 1255 107.4 - 146.6 24.8 236 125-445
7/06/00 Bypass N60% 3 117.0 116.3 1427 - 124.2 19.2 183 136-24.8
North N60% 3 116.0 120.1 97.6-147.7 174 201 104 - 386
Middle N60% 3 114.0 1159 105.7-127.2 190 183 130- 256
South N60% 3 114.0 114.3 1106-118.2 16.6 16.8 154-182
7/10/00 Bypass N60% 4 1195 121.0 106.8-137.0 209 213 14.0- 325
North N60% 4 1111 1130 106.9-119.3 165 16.8 139-203
Middle N60% 3 121.0 1199 111.3-129.3 205 19.6 141-275
South N60% 4 117.9 1196 107.8-132.7 194 195 121-313
7/12/00 Bypass N60% 4 1111 111.7 1094 -114.1 153 151 14.3-159
North N60% 5 111.9 1155 106.8 - 124.7 153 16.7 14.2-19.7
Middle N60% 5 1130 116.9 109.7 - 124.6 173 188 146-24.1
South N60% 4 1165 117.2 1105-124.2 182 179 16.7-193
7/14/00 Bypass N60% 5 1150 117.7 110.3- 125.6 196 201 160-253
North N60% 4 1174 1218 103.8- 1430 19.0 20.2 130-313
Middle N60% 4 1190 1186 109.6- 1284 19.7 19.7 151-257
South N60% 5 1199 1196 1109-129.0 192 201 16.3-25.0
Total Bypass N60% 19 114.0 116.2° 113.3-119.0 174 183 166-20.1
North N6O% 19 116.0 1185" 114.3-122.7 179 19.0 17.1-212
Middle N60% 18 116.0 117.6° 115.2-119.9 187 19.0 17.1- 205
South N60% 19 117.0 11914 116.0- 1224 182 195 176-214
Overall N60% 75 116.0 1178 116.3-119.3 182 19.0 18.1-198

Percent of Radio-Tagged Fish Detected
Overdl fixed station detection of radio-tagged subyearling chinook salmon was high

(90%y), with higher detection during D30% spill (96%) than N60% spill (84%; Table 17). Boat
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tracking within the JDA tailrace located 65% of the fish, with higher detection during D30% spill
(69%) than N60% spill (61%; Table 17). During D30% and N60% spill, combined detections
(fixed station and boat tracking) were higher at exit sation 1 (96% and 87%, respectively) than
at exit station 2 (35% and 45%, respectively) or 3 (80% and 80%, respectively; Tables 18 and
19). Boat tracking locations of subyearling chinook salmon by spill condition are presented in

Figure 10.

Table 17. Number of subyearling chinook salmon (CHO) released at John Day Dam (JDA) and the number of fish
detected using fixed gear stations and boat tracking during daytime 30% (D30%) and nighttime 60% (N60%) spill
volumes, summer 2000.

Number of  CHO detected with CHO located by
Species  Releasedate Spill CHO fixed gear stations at boat t;gi"”g a
released JDA
N (%) N (%)
CHO 7/01/00 D30% 12 12 (100) 7 (58
CHO 7/03/00 D30% 12 11 (92) 6 (50)
CHO 7/08/00 D30% 11 11 (100) 10 (91)
CHO 7/16/00 D30% 19 18 (%) 14 (74)
CHO 7/18/00 D30% 21 20 (95) 15 (71)
Total D30% 75 72 (%) 52 (69)
CHO 7/05/00 N60% 12 10 (83) 6 (50)
CHO 7/06/00 NB0% 12 10 (83) 9 (75)
CHO 7/10/00 N60% 15 12 (80) 4 (27
CHO 7/12/00 N60% 18 16 (89) 14 (78)
CHO 7/14/00 NB0% 18 15 (83) 13 (72)
Total N60% 75 63 (84) 46 (61)
Overall 150 135 (90) 98 (65)

*Boat experienced mechanical failure.



Table 18. Release position, sample size (N), and percent of radio-tagged subyearling chinook (CHO) salmon
detected at each of three exit stations in the John Day Dam tailrace during daytime 30% (D30%) spill volume,
summer 2000. Exit station 1 (Exit 1) was at the western tip of the navigation lock peninsula (0.7 km downriver of
the dam). Exit station 2 (Exit 2) was on the dredgeisland (1.9 km downriver of the dam). Exit station 3 (Exit 3)
was located 5.3 km downriver of the dam.

CHO CHO CHO
Release Release Sl Nugljgr of Detected Detected Detected
Date Position rel eased Exit 1 Exit2 Exit 3
N (%) N (%) N (%)
7/01/00 Bypass D30% 4 4(100) 0 (0 4(100)
North D30% 4 4(100) 1 (25 3 (75)
Middle D30% 4 4(100) 1 (25 2 (50)
7/03/00 Bypass D30% 4 4(100) 0 (0 4 (100)
North D30% 4 3 (75) 2 (50) 3 (75
Middle D30% 4 4(100) 1 (25 3 (75
7/08/00 Bypass D30% 4 4(100) 1 (25 4(100)
North D30% 4 4(100) 4 (100) 4(100)
Middle D30% 3 3(100) 0 (0 3(100)
7/16/00 Bypass D30% 6 6 (100) 3 (50) 4 (67)
North D30% 6 6(100) 4 (67) 5 (83)
Middle D30% 7 6 (86) 4 (57) 4 (57)
7/18/00 Bypass D30% 7 6 (86) 2 (29 7(100)
North D30% 7 7(100) 2 (29 5 (7))
Middle D30% 7 7(100) 1 (14 5 (7))
Total Bypass D30% 25 24 (96) 6 (29 23 (92
North D30% 25 24 (96) 13 (52 20 (80)
Middle D30% 25 24 (96) 7 (28 17 (68)
Overall D30% 75 72 (96) 26 (35) 60 (80)
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Table 19. Release position, sample size (N), and percent of radio-tagged subyearling chinook (CHO) salmon
detected at each of three exit stationsin the John Day Dam tailrace during nighttime 60% (N60%) spill volume,
summer 2000. Exit station 1 (Exit 1) was at the western tip of the navigation lock peninsula (0.7 km downriver of
the dam). Exit station 2 (Exit 2) was on the dredgeisland (1.9 km downriver of the dam). Exit station 3 (Exit 3)
was located 5.3 km downriver of the dam.

CHO Detected CHO Detected CHO Detected

Release Release . Number of . . .
i Soill Exit1 Exit 2 Exit3
Date Position CHO released N (%) N (%) N (%)
7/05/00 Bypass N60% 3 0 (0 0 O 1 (33
North N60% 3 3(100) 2 (67) 3(200)
Middle N60% 3 3(100) 1 (33 3(200)
South N60% 3 3(100) 3(100) 2 (67)
7/06/00 Bypass N60% 3 2 (67) 1 (33 1 (33
North N60% 3 3(100) 2 (67) 3(100)
Middle N60% 3 3(100) 1 (33 3(100)
South N60% 3 3(100) 0 (0 2 (67)
7/10/00 Bypass N60% 4 2 (50 1 (25 1 (25
North N60% 4 4(100) 3 (79 4(100)
Middle N60% 3 2 (67) 3(200) 3(200)
South N60% 4 4 (100) 1 (25 4(100)
7/12/00 Bypass N60% 4 3 (75) 2 (50) 3 (75
North N60% 5 5 (100) 1 (20 5(200)
Middle N60% 5 5 (100) 2 (40 4 (80)
South N60% 4 4(100) 2 (40) 4(100)
7/14/00 Bypass N60% 5 3 (60) 0 (0 2 (40
North N60% 4 4(100) 3 (75) 3 (75
Middle N60% 4 4(100) 1 (25 4(100)
South N60% 5 5(100) 5 (200) 5(200)
Total Bypass N60% 19 10 (53) 4 (21) 8 (42
North N60% 19 19 (100) 11 (58 18 (95)
Middle N60% 18 17 (99 8 (449 17 (99
South N60% 19 19 (100) 11 (59 17 (89)
Overall N60% 75 65 (87) 34 (45 60 (80)
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Figure 10. Locations of radio-tagged subyearling chinook salmon in the John Day tailrace as determined by mobile
tracking, during daytime 30% (D30%) and nighttime 60% (N60%) spill volumes. The number of individual fish
detected are represented by N. Some individual s were detected more than once.
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Residence Time to Exit Station 1

Subyearling chinook salmon released through the middle spillway and the juvenile
bypass sysem were significantly affected by spill condition. The mean resdence time of middle
fish was ggnificantly lower (P = 0.02) during N60% spill (6 min) than D30% spill (9 min; Table
20 and 21). Bypass fish demonstrated the opposite trend. Their mean residence time was
Table 20. Sample size (N) and residencetime (min) at exit station 1 of radio-tagged subyearling chinook salmon

during daytime 30% (D30%) spill volume, summer 2000. Meanswithout lettersin common are significantly
different based on Tukey’s Studentized Range Test (P<0.05).

Release Release " \ Residence Time (min)
Date Position » Median Mean 95% Cl
7/01/00 Bypass D30% 4 16.7 16.6 14.6- 190
North D30% 4 48 49 40-59
Middle D30% 4 72 74 50-108
7/03/00 Bypass D30% 4 169 165 14.8- 184
North D30% 3 54 120 04-384.1
Middle D30% 4 126 131 9.0-19.2
7/08/00 Bypass D30% 4 194 185 139- 246
North D30% 4 5.8 5.8 37-91
Middle D30% 3 59 59 58-6.1
7/16/00 Bypass D30% 6 251 219 109-441
North D30% 6 53 55 48-64
Middle D30% 6 15.6 135 6.9-26.2
7/18/00  Bypass D30% 6 122 120 86-16.8
North D30% 7 6.1 5.8 48-70
Middle D30% 7 6.0 6.7 50-91
Overall  Bypass D30% 24 169 16.7° 14.0- 199
North D30% 24 5.3 6.1° 49-76
Middle D30% 24 74 8.9 72-110

ggnificantly higher (P < 0.01), more than four times as long, during N60% spill (74 min)
compared to D30% spill (17 min). The mean residence time of north fish was 6 min during both

D30% and N60% spill.
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Fish released through the bypass had significantly longer residence times than other
release sites during both spill conditions. During D30% spill, the overdl mean residence time of
subyearling chinook salmon released from the bypass (17 min) was Sgnificantly (P < 0.01)
higher than north (6 min) and middle fish (9 min; Table 20). During N60% spill, bypass fish had
aggnificantly higher (P < 0.01) overal mean resdence time (74 min) than north (6 min), middle

(6 min), and south fish (7min; Table 21).

Table21. Sample size (N) and residence time (min) at exit station 1 (north tip lock peninsula, 0.7 km downriver of
the dam) of radio-tagged subyearling chinook salmon during nighttime 60% (N60%) spill volume, summer 2000.
Means without lettersin common are significantly different based on Tukey’s Studentized Range Test (P<0.05).

Release Rel ease il \ Residence Time (min)
Date Position Median Mean 95% Cl
7/05/00  Bypass N60% 0
North N60% 3 55 56 50-6.2
Middle N60% 3 64 6.2 43-86
South N60% 3 6.6 6.3 34-116
7/06/00  Bypass N60% 2 379 370 2.2-619.0
North N60% 3 57 75 23-239
Middle N60% 3 90 72 22-232
South N60% 3 6.4 77 15-404
7/10/00  Bypass N60% 2 533 491 0.3-9069.8
North N60% 4 50 51 37-71
Middle N60% 2 45 45 17-121
South N60% 4 76 74 48-116
7/12/00  Bypass N60% 3 192.9 1288 18.8-884.0
North N60% 5 57 55 42-74
Middle N60% 5 64 73 40-134
South N60% 4 50 6.5 25-17.0
7/14/00  Bypass N60% 3 1329 89.8 90-89%9.7
North N60% 4 77 73 38-140
Middle N60% 4 6.0 6.0 42-85
South N60% 5 6.7 65 42-102
Overall  Bypass N60% 10 634 743" 421-1312
North N60% 19 5.7 6.15 52-70
Middle N60% 17 64 6.45 53-76
South N60% 19 64 6.8° 56-83
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Residence Time to Exit Station 2

Mean residence times of subyearling chinook salmon were not sgnificantly affected by
Spill condition but were sgnificantly different among release Stes. During D30% spill, the
overdl mean resdence time of bypassfish (57 min) was sgnificantly higher (P < 0.01) than
north fish (23 min) and middle fish (31 min; Table 22). During N60% spill, there were no
sgnificant differences between the overdl mean residence times of subyearling chinook samon
released from the bypass (38 min), middle (22 min), north (22 min), and south spillway (23 min;

Table 23).

Table 22. Sample size (N) and residence time (min) at exit station 2 (dredge island, 1.9 km downriver of the dam)
of radio-tagged subyearling chinook salmon during daytime 30% (D30%) spill volume, summer 2000. Means
without lettersin common are significantly different based on Tukey’s Studentized Range Test (P<0.05).

Release Release " Residence Time (min)
Date Position a N Median Mean 95% Cl
7/01/00  Bypass D30% 0
North D30% 1 180 180
Middle D30% 1 258 258
7/03/00  Bypass D30% 0
North D30% 2 75.3 53.7 0.0 - >21600
Middle D30% 1 290 290
7/08/00  Bypass D30% 1 377 377
North D30% 4 24 230 16.4-322
Middle D30% 0
7/16/00  Bypass D30% 3 51.6 63.6 230- 17538
North D30% 4 184 187 139- 250
Middle D30% 4 333 387 34.8-430
7/18/00  Bypass D30% 2 64.6 58.8 0.2- 16229
North D30% 2 181 180 6.8-475
Middle D30% 1 175 175
Overall Bypass D30% 6 50.2 56.8" 36.1-89.4
North D30% 13 19.7 2328 16.7-32.3
Middle D30% 7 36.6 31.3° 235-416
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Table 23. Sample size (N) and residencetime (min) at exit station 2 (dredgeisland, 1.9 km downriver of the dam)
of radio-tagged subyearling chinook salmon during nighttime 60% (N60%) spill volume, summer 2000. Means
without lettersin common are significantly different based on Tukey’s Studentized Range Test (P<0.05).

Release

Release

Residence Time (min)

he ill N
Date Position > Median Mean 95% Cl
7/05/00  Bypass N60% 0
North N60% 2 238 21 0.2-2838.1
Middle N60% 1 157 15.7
South N60% 3 254 24.6 17.8-34.1
7/06/00  Bypass N60% 1 490 49.0
North N60% 2 254 24.3 0.6-9939
Middle N60% 1 17.7 17.7
South N60% 0
7/10/00  Bypass N60% 1 44 414
North N60% 3 17.6 234 47-1168
Middle N60% 3 161 182 6.5-510
South N60% 1 204 204
7/12/00  Bypass N60% 2 351 326 0.2- 48059
North N60% 1 286 286
Middle N60% 2 67.8 435 0.0->21600
South N60% 2 309 302 22-409.3
7114/00  Bypass N60% 0
North N60% 3 17.6 17.8 122-260
Middle N60% 1 151 151
South N60% 5 20.8 207 131-326
Overall  Bypass N60% 4 448 3837 21.0- 69.9
North N60% 11 182 200 16.9-288
Middle N60% 8 16.0 216" 11.8-398
South N60% 1 24.6 234 19.0- 284

Residence Timeto Exit Station 3

At each release location, the mean residence times of subyearling chinook samon were

not significantly affected by spill level. Bypass fish had sgnificantly longer mean residence

times than the other groups. The mean residence time of bypass subyearling chinook saimon

during D30% spill (120 min) was sgnificantly higher (P < 0.01) than north (90 min), or middle

fish (93 min; Table 24). During N60% spill, bypass fish had a sgnificartly higher (P = 0.03)
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mean residence time (130 min) than north (88 min), middle (98 min), and south fish (101 min;

Table 25).

Table 24. Sample size (N) and residence time (min) at exit station 3 (5.3 km downriver of the dam) of radio-tagged
subyearling chinook salmon during daytime 30% (D30%) spill volume, summer 2000. Means without lettersin
common are significantly different based on Tukey’s Studentized Range Test (P<0.05).

Residence Time (min)

Release Release Sl N
Date Position Median Mean 95% Cl
7/0/00  Bypass D30% 4 102.0 1024 925-1133
North D30% 3 95.7 832 443-175.7
Middle D30% 2 855 845 12.4- 5755
7/03/00  Bypass D30% 4 1655 156.8 121.3-202.8
North D30% 3 1017 111.3 69.4- 1785
Middle D30% 3 144.2 1297 743-2266
7/08/00  Bypass D30% 4 1131 1155 1004 - 132.9
North D30% 4 84.2 833 67.0- 1036
Middle D30% 3 107.2 9.2 521-1703
7/16/00  Bypass D30% 4 107.8 107.1 66.3-173.1
North D30% 5 102.3 101.3 855- 1200
Middle D30% 4 1024 104.4 825-132.2
7/18/00  Bypass D30% 7 932 9.0 76.2- 1184
North D30% 5 780 754 65.0-87.4
Middle D30% 5 718 723 60.6 - 86.3
Overall  Bypass D30% 23 106.6 1101° 99.4-1238
North D30% 20 0.9 89.9° 81.6-989
Middle D30% 17 9.3 93.38 814-1069
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Table 25. Sample size (N) and residence time (min) at exit station 3 (5.3 km downriver of the dam) of radio-tagged
subyearling chinook salmon during nighttime 60% (N60%) spill volume, summer 2000. Means without lettersin
common are significantly different based on Tukey’s Studentized Range Test (P<0.05).

Release Release Residence Time (min)

e ill N
Date Position > Median Mean 95% Cl
7/05/00 Bypass N60% 1 1451 1451
North N60% 3 819 86.4 552-1353
Middle N60% 3 825 858 629-117.0
South N60% 2 95.6 955 74.3-2266
7/06/00  Bypass N60% 1 1190 1190
North N60% 3 88.4 870 723-104.7
Middle N60% 3 918 86.6 66.7- 1125
South N60% 2 90.7 90.0 17.8- 456.0
7/10/00 Bypass N60% 1 9.0 9.0
North N60% 4 R4 975 70.1- 1356
Middle N60% 3 715 89.6 31.1-2581
South N60% 4 107.4 1121 759- 1657
7/12/00 Bypass N60% 3 104.6 1305 36.8-462.3
North N60% 5 773 790 754-82.8
Middle N60% 4 1118 1194 76.2-187.3
South N60% 4 1007 1114 709- 1749
7/14/00 Bypass N60% 2 154.3 1493 5.7-3885.1
North N60% 3 106.2 9.5 55.4 - 168.1
Middle N60% 4 1094 104.2 70.7 - 153.7
South N60% 5 86.9 920 685- 1236
Overall Bypass N60% 8 1173 13017 98.1- 1726
North N60% 18 823 88.3¢ 815-956
Middle N60% 17 945 98.0° 855-112.3
South N60% 17 1012 101.0° 89.8- 1137

Dredge | land Passage

Using fixed station data from exit station 2 and boat tracking, we were able to identify the
genera route of passage taken by radio-tagged fish as they passed the dredge idand (Figures 10
and 11). The dominant passage route around the idand was to the south, however, passage route
did depend somewhat upon spill conditions and release Ste. During D30% spill, north fish
passed to the north side (54%) and south side (46%) in gpproximately equal numbers (Figure

11). Middle and bypass fish generdly passed south of theidand. Twenty-nine percent of
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middle fish passed north of the idand and 71% passed south. Seventeen percent of bypass fish
were detected north of theidand, and 83% passed south of theidand. During N60% spill, fish
released through the spillway (north, middle, and south) showed strong south idand passage
(Figure 11). Seventy-five percent of bypass fish passed on the north side of the idand during

NB0% spill.

D30% Spill
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Figure 11. Island passage routes of subyearling chinook salmon released at John Day Dam during daytime 30%
(D30%) and nighttime 60% (N60%) spill volumes, summer 2000. Passage was determined using data gathered by
the fixed station on the dredge island. Sample sizes are indicated above the bars. The release sites refer to north
(bay 2), middle (bay 10), south (bay 14), and bypass. South fish were not released during D30%.

The idand passage route of bypass fish gppeared to be influenced by spill condition.

During D30% spill, bypass fish most commonly used a south idand passage route (83%).
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During the higher spill of N60%, the dominant passage route was north (75%). We were only
able to assign an idand passage route to a limited number of bypass fish (6 at D30% and 4 a
N60%), but boat tracking data support the idand passage trend. Subyearling chinook salmon
were frequently located near the western tip of the navigation lock peninsula following bypass
passage during N60% spill. The movement across the stilling basin occurred within the BRZ.

Fish located near the navigation lock generdly passed the dredge idand in the north channdl.

Drogue Releases

Drogue residence times were generdly not affected by release location. During D30%
spill, the mean residence times of bypass drogues (8 min) and north drogues (5 min) were
sgnificantly lower (P < 0.01) than middle drogues (13 min; Table 26). The mean resdencetime
of bypass drogues & D30% spill (8 min) was not significantly different than at D0% spill (8
min). During N60% spill, the mean residence times of middle drogues (4 min), and south
drogues (6 min) were sgnificantly different (P = 0.03) from each other, but not Sgnificantly

different from north drogues (5 min; Table 26).

Table 26. Drogue residence times during daytime 0% (D0%), daytime 30% (D30%) and nighttime 60% (N60%)
spill volumes at John Day Dam, summer 2000. Drogue residence timeswere calculated at exit station 1 (tip of the
navigation lock peninsula, 0.7 downriver of the dam). Within each spill volume, means without lettersin common
aresignificantly different based on Tukey’s Studentized Range Test (P<0.05).

Release Residence Time (min)
: ill N

Site > Median Mean 95% Cl
Bypass D0% 16 73 75 70-82
Bypass D30% 16 76 78° 74-82
North D30% 25 47 538 42-68
Middle D30% 26 114 133" 94-188
North N60% 13 45 5478 38-76
Middle N60% 12 35 368 38-76
South N60% 11 52 58" 42-79
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Figure 12. Drogues released from the north, middle, south spillway and the juvenile bypass system, during daytime
30% (D30%) and nighttime 60% (N60%) spill volumes at the John Day Dam, summer 2000. Thelines shown
indicate the route taken by drogues equipped with Global Positioning System units.
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Figure 13. Route of drogue released from south spillway, during nighttime 60% (N60%) spill volumes at the John
Day Dam, summer 2000. The drogue was equipped with a Global Positioning System unit.

Spill conditions affected the drogue route of drift through the tailrace. Thirteen of the 26
drogues released from the middle spillway during D30% spill were ddayed in eddies upriver of
exit sation 1 (Figure 12). The extended residence times of middle drogues (20 min or more)
occurred when drogues were delayed in thisarea. The remaining middle drogues generdly
drifted directly downriver. Middle drogues released during N60% spill were not delayed in the
tallrace. Three of the 25 drogues released from the north spillway delayed in an eddy dong the
navigation lock peninsula during D30% spill (Figure 12). During N60% spill, three of the 13
released north drogues were caught in thiseddy. The extreme residence times of north drogues
(20 min or more) occurred when drogues followed this route. The remaining north drogues

drifted directly downriver (Figure 12). Three of the 11 south drogues were delayed in eddies for
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short periods during N60% spill. The remaining south drogues generaly drifted north and

passed exit gation 1 in roughly the same area as middle drogues. One south drogue was alowed
to drift to the east end of the dredgeidand (Figure 13). All bypass drogues followed the
contours of the south shoreline (Figure 12).

Drogue residence times were most comparable to fish resdence times at the north
spillway release location. During both D30% and N60% spill, there were no significant
differences between the mean residence time of north drogues and north fish (Figure 14). Fish
and drogues released through the middle spillway had significantly different resdence times.
During N60% spill, drogues moved significantly faster (P<0.01) than fish (Figure 14). During
D30% spill, fish moved through the tailrace Sgnificantly faster (P=0.05) than drogues, dthough
the Sgnificance leve was margind.

Bypass drogues and fish were only compared at D30% spill. Drogues released through
the bypass had a sgnificantly (P<0.01) lower mean residence time than bypassfish. South
drogues and fish were compared at N60% spill and there were no significant differences between

residence times (Figure 14).
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Figure 14. Mean residence times of drogues and subyearling chinook salmon during daytime 30% (D30%) and
nighttime 60% (N60%) spill volumes. Sample sizes areindicated in parentheses. Vertical linesrepresent one
standard error of the mean. Within each release site, significant differencesbetween drogues and subyearling
chinook salmon are indicated by *, based on the t-test where P < 0.05. Drogues were not rel eased from the south
release site during D30% or the bypass during N60%.

Predation Events

Interpretation of fixed station data and boat tracking data suggests that seven radio-tagged
subyearling chinook salmon were preyed upon within the JDA tailrace. Two predation events
occurred during D30% spill. Both fish were released from the middle spillway, and the

predation events occurred dong the navigation lock peninsula. Five predation events occurred
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during N60%. All five events were bypass fish suspected to have been consumed within close
proximity to the bypass outfal.

One avian predation event was documented. The transmitter from afish released through
the north spillway was recovered on Little Miller Idand (approximate river km 40), the Ste of a

predacious bird colony.
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DISCUSSION

The objectives of this sudy were to compare the tailrace egress of fish released through
the north spillway, middle spillway, south spillway, and the juvenile bypass system during two
spill regimes. The study design involved 30% spill during the day (D30%) and 60% spill at
night (N60%). Two main effects, did period and spill condition, were therefore confounded.
When comparisons were made between fish residence time during D30% and N60% spill, the
influence of increased il could not be separated from die effects on fish behavior. Thisisan
important consderation at JDA where thereisastrong did passage effect.

Dam operations were not ided for our evauations of the south spillway or for releases of
gsedhead. The spillway release system required that release pipes be mounted in specific study
spillbays. During the spring run, spillbay 18 was used to represent the south spillway. Bay 18
was closed, however, on four of 12 release dates (33%). During analyses, the sample sizes at the
south spillway were lower than other release sites and were therefore omitted from Statistical
comparisons. During the summer study period, spillbay 14 was used to represent the south
spillway. A release system wasinddled at bay 14 in anticipation of reduced summer flow.
Unfortunately, bay 14 was not used during the D30% spill condition. Therefore, we were unable
to compare the south spillway release Ste under the two spill regimes. Due to these limitations,
we congder the evauation of the south spillway to be incomplete. Andysis of sedhead data
was limited due to reduced spill discharge during planned N60% spill conditions. Steelhead
were released on three dates with planned N60% spill. The actual spill percentage on two of
these dates was 34%. The third date had 54% spill. The average spill over the three dates was
41% instead of the planned N60%. For this reason, we elected not to make Statistical

comparisons between spill conditions. We reported trends in steelhead residence times based on
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the single release date (April 21, 2000) with rdatively high spill (54%). Since few fish were
released on a given release date, comparisons between 54% spill and 30% are not datisticaly
robust.

Comparisons of release steswithin each spill condition indicated that spillway passage
generdly resulted in more rapid egress than did bypass passage. During the spring, thistrend
was not gaidicaly sgnificant. During the summer, bypass fish took sgnificantly moretimeto
exit the tailrace than did the spillway release groups. Within the spillway, the middle and north
release Stes had the fastest egress during both the spring and summer study periods. In terms of
tallrace egress, south passage appears to be the least desirable route through the spillway,
athough the south spillway evauation was incomplete.

Residence time differences between spill regimes were most evident for fish released
through the bypass. The residence times of spillway fish during N60% spill were smilar to, or
lower than residence times during D30% spill. Often the differences in resdence times were
smdl (1-2 min), not datiticaly sgnificant, and may not have any biologica significance.

Bypass fish had congstently longer residence times during N60% compared to D30% spill. The
residence times of yearling chinook salmon and steelhead at N60% were gpproximeately twice as
long as during D30% spill. The mean residence time of subyearling chinook salmon released
into the bypass was more than four times longer a N60% than at D30% spill. The differencein
mean residence time between spill regimes for subyearling chinook salmon was amost an hour.

Not dl gatisticaly sgnificant findings that are reported are likely to have biologica
meaning. When residence times were compared among release Sites or saill regimes, some
differences of 3-4 minutes were found to be satidicdly sgnificant. Consdering that most fish

were able to egress the immediate tailrace (to exit station 1) within 15 minutes, regardless of
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release Site or spill condition, time differences of afew minutes likely did not have any
biologicaly sgnificant effects. Subyearling chinook salmon released through the juvenile

bypass system showed the largest delays of dl groups rdeased. During D30% spill their mean
residence time was 8- 10 min longer than the other release Sites, but al groups passed exit dation
1 within 17 min. Subyearling fish releasad through the bypass during N60% spill had a mean
residence time 12 times longer than other release sites. Compared to spillway fish, bypassfish
had over an hour of additiond resdencetime. An extrahour spent in the area between the dam
and exit gation 1 could affect how likely afish wasto survive. The dangersto fish in this zone
include exposure to predators and turbulence. The predators, being limited by their ability to
hold gtation in high velodities, can generdly only congregate in the eddy aong the navigetion

lock wall and on the south shoreline, above and below the bypass outfdl (USGS, T. Liedtke,
unpublished data). The turbulence may stress or disorient fish and could therefore affect
predator avoidance ability. Many of the subyearling chinook salmon released through the
bypass during N60% spill delayed in areas where predators tend to congregate. Combined with
their extended residence times, this finding suggests that subyearling fish incurred abiologicaly
meaningful delay when released through the bypass during N60% spill. None of the other
release groups showed a large delay combined with an exposure to predators, therefore, no
biologica meaning was linked to the Satistical differences that were detected.

Large differences in residence times among release Sites were evident at dl three exit
gations, but smaller differences were minimized as fish moved downriver. During the spring,
residence time differences among release sites were detected during N60% spill at exit station 1.
The differences between the three spillway release sites were smdler than the difference between

the spillway and the bypass. At exit gations 2 and 3, the significant differences among sillway
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steswerelog, but the bypass residence time was gtill significantly higher than the spillway Sites.
During the summer, the bypass group was much dower than any of the spillway groups were and
ggnificant differences anong the sites were present at exit stations 1, 2, and 3. Our 1998
evauation of tailrace egress at JDA compared three spillway release locations and found that
differencesin residence time based on release Ste were most prominent at exit station 1 (Liedtke
et al. 2001). Since the differences among release sites on the spillway were rdatively smdl, the
effect of release gte was minimized as fish moved downriver. The finding of Sgnificant
differences between the bypass and the spillway release Stes at exit station 3 during 2000
suggests that the influence of release Ste can have afar-reaching effect.

The dredge idand passage route of subyearling chinook salmon released through the
bypass was affected by spill condition. Y earling chinook salmon and steelhead released through
the bypass consstently passed to the south of the dredge idand. Most subyearling chinook
samon released through the bypass during D30% spill passed to the south of theidand. The
idand passage route was very different during N60% spill. Most subyearling chinook sdmon
passed to the north of the idand during N60% spill, suggesting that they were not directed
immediately downriver, but somewhat north.  Although we were not able to collect idand
passage information on alarge number of bypass fish, the dominant north passage route during
N60% spill was supported by boat tracking data. During the summer study period, bypass fish
were frequently located near the tip of the navigation lock peninsula. These fish moved north
sgnificantly more than they moved downriver. Thislateral movement of bypass fish during
N60% spill may explain their increased residence times rdative to spillway fish.

Drogue data suggests that fish passing through the middle of a spill pattern will have the

shortest residence times and least chance of become entrained in eddies. During both the spring



and summer study periods, north and middle drogues moved through the tailrace sgnificantly
faster than did south drogues. North drogues sometimes became entrained in eddies along the
navigation lock peninsula, causng adelay in egress. A amilar result was found for drogues
released through the north spillway in 1998 (Liedtke et d. 2001). During both years of study, the
delay in eddies along the navigation lock was generaly not extended, and had only aminimd
effect on the resdence time of north drogues. Drogues released nearest the southernmost open
spillbay were frequently delayed in eddies and had extended residence times. During the spring
outmigration, the southernmost open spillbay was near the south spillway release site. During

the summer, the southernmost open bay was near the middle spillway during D30% spill and the
south spillway during N60% spill. Drogues released near the south end of the open spillbays
experienced an edge effect where they tended to become entrained in flow that circulated
eastward and to the south of the open spillbays. These flow patterns resulted in extended drogue
residence times.

Drogues were deployed to record the movement of the dominant flow in the tailrace. We
released drogues and fish from the same location and compared their residence times as an
indication of how well drogues represent the movements of fish or how likely it isthat fish tend
to act like passive particles, moving with the dominant flow. During the spring, drogues released
a the north and middle spillway moved sgnificantly faster than fish, suggesting afish
behaviord effect. Fish gppeared to be able to resist the dominant flow, changing path or holding
position more than would be possible for apassive particle. Fish released through the north
spillway during the summer had residence times that were not significantly different from
drogues. Thisfinding suggests that subyearling chinook salmon were unable to resst the

dominant flow and were carried dong like passive particles, smilar to the drogues. At the south
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spillway, during the spring, fish generaly moved faster than drogues. Drogues appeared to be
more susceptible to edge effects and became entrained in eddies that yearling fish were able to
avoid. During the summer, the south spillway release ste was only used during N60% spill, and
drogue and fish residence times were not sgnificantly different. This again suggests that
subyearling chinook salmon tend to behave more like passive particles than do the yearling fish.
At the juvenile bypass system, drogue and fish residence times were only compared during
D30% spill. During the spring, drogue residence times were Smilar to fish resdence times.
During the summer, drogues moved sgnificantly faster than fish. Generdly, we would predict a
behaviord effect by the fish when drogue and fish resdence times are not smilar. For the
comparison of fish and drogues at the juvenile bypass system, the differences in deployment
methods for fish and drogues could prove to be alarger issue. Study fish were released into the
juvenile bypass system and alowed to enter the tailrace viathe outfal. We were unable to
release drogues in this manner due to the presence of avian deterrence devices (cables and floats)
near the outfal. Drogueswere ingtead released into the dominant flow, downriver of the outfall,
using boats. We think that this difference in deployment may have influenced the comparison of
fish and drogue residence times, especidly during the summer study period. The drogues
released into the dominant flow followed the outline of the south shoreline and exited the tailrace
without delay. Boat tracking data showed that subyearling chinook samon released through the
bypass were sometimes located upriver of the outfall and to the extreme north end of the BRZ,
near the navigation lock wall. These fish did not move in a manner smilar to the drogues
released near the bypass outfall. Considering the differences in release locations between
drogues and fish at the juvenile bypass system, we consider the comparison of fish and drogue

residence timesto be apoor one. During the spring, drogue and fish resdence times were
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datigtically smilar and boat tracking data support the concept that yearling chinook salmon and
steelhead moved directly downriver, smilar to the drogues. During the summer, however,
drogue movements and boat tracking data of subyearling chinook salmon conflict, making
conclusons unclear. For future research addressing tailrace egress following passage through
the juvenile bypass system, we would advise that drogues be deployed through the outfal, in a
manner smilar to fish. Thiswould involve the removd or redesign of the avian deterrence
devices.

Severd predation events were documented within the JDA tallrace. Radio tdlemetry can
provide direct evidence of predation only under limited circumstances (e.g., recovery of atag
within apredator). Interpretation of fixed data records and boat tracking data can, however,
provide indirect evidence of predation events. Through this process of data review, we reported
12 predation events during the oring study period and 7 events during the summer. Fish
released through the north spillway during D30% spill had the greatest risk of predation during
the spring. Predation events were localized near the navigation lock wall and appeared to occur
when fish were delayed in eddiesin thisarea. During the summer run, most predation events
involved fish released through the bypass during N60% spill. These events were localized
within the BRZ, both upriver and downriver of the bypass outfall. Boat tracking records show
that these fish were generdly not able to travel far from the outfal prior to being consumed.
Since there were no documented predation events involving bypass fish during D30% spill,
ether the spill condition or diel period could explain the difference in the risk of predation.

In summary, our evauation of tailrace egress following passage through the JDA
spillway and juvenile bypass system was limited by confounded study e ements and imperfect

dam operationd conditions. In generd, passage through the spillway resulted in improved
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egress compared to bypass passage. The differences in residence time between the spillway and
bypass fish were il Sgnificant 5 km downriver of the dam. Within the spillway, middle and
north passage routes had shorter residence times than south routes. When the risk of predation is
consdered, fish passing through the middle spillway appear to have the best opportunity for
successful tailrace egress. Thisfinding iswell supported by drogue data and the 1998 JDA
spillway evduation (Liedtke et d. 2001). When the two spill regimes were compared, fish
released through the bypass were most strongly affected. The residence times of bypass fish
were higher during N60% spill than during D30% spill. The residence time difference was
greatest for summer fish, which were detected near the navigation lock wall and shifted to a
north passage route around the basin idand. Fish released at the spillway generaly had smilar
residence times during both D30% and N60% spill. Often the residence times were reduced
somewheat during the higher spill period, but the reduction was not Sgnificant. The risk of
predation, especidly for north spillway fish, was somewhat €evated during D30% spill.

Overdl, subyearling chinook salmon were more affected by release Ste and pill regime
differences than were yearling fish. Drogue data suggests that summer fish often moved through
the tailrace Smilar to passive particles, whereas yearling fish were able to resst the dominant
flow.

In conclusion, the use of N60% spill ingtead of D30% spill margindly reduced egress
times for fish passing through the spillway, and may have reduced the risk of predation
somewhat. Fish passing through the juvenile bypass system, however, had longer egresstimes
during N60% than D30% spill. Subyearling chinook salmon had an additiona hour of egress

time during N60% spill compared to D30% spill. Considering the amount of time needed to exit
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the immediate tailrace, such adelay could begin to have an influence on the surviva of these

fish.
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