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Spring

Executive Summary

From 27 April through 05 June 2003, 5568 radio-tagged yearling Chinook salmon
of hatchery origin were released 23 km above John Day Dam (JDA) or at JDA in
conjunction with fish passage studies at JDA. These fish were monitored at The
Dalles Dam (TDA) to determine 1) the horizontal approach location of fish
entering the forebay; 2) differences in fish passage via non-turbine routes (fish-
passage efficiency; FPE), the spillway (spillway-passage efficiency, SPE), and the
sluiceway (sluiceway-passage efficiency, SLPE) among forebay approach
locations, and; 3) the overall FPE, SPE, and SLPE of all fish detected in the
forebay during spring.

Turbine entrainment differed among groups of yearling Chinook salmon detected
entering the forebay via the southern and the northern approach routes. This was
measured by estimating passage routes of radio-tagged fish detected in four
horizontal divisions along a cross-river transect at the upstream end of the earthen
dam (upriver entrance). Trends in passage metrics from south to north were
similar between diel periods, but the magnitude of differences among approach
routes was greater at night. For example, turbine entrainment of fish entering the
forebay along the south shore was 26% greater than for fish approaching the
forebay by more northern routes at night, but only 9% higher during the day
(Summary Table 1). Day and night differences in FPE, SPE, and SLPE were all
statistically significant (chi-square and F-tests, all P <0.02, df=2).

Overall estimates of FPE, SPE, and SLPE for all radio-tagged yearling Chinook
salmon detected in the forebay were significantly greater during day than night (F-
test, all P < 0.02, df=1). Overall FPE, SPE, and SLPE were estimated to be 88,
70, and 17%, respectively (Summary Table 1).

Our results suggest that yearling Chinook salmon turbine entrainment could
potentially be reduced if fish approaching TDA from the south were guided to
more northerly approach locations. The amount of actual decrease in turbine
entrainment would be dependent on the efficiency of the guidance device and the
proportion of the total run-of-the-river-fish passage that occurs at night and during
the day.

Summer

From 22 June through 20 July 2003, 6936 radio-tagged subyearling Chinook
salmon were released 23 km above John Day Dam (JDA) or at JDA in conjunction
with fish passage studies at JDA and monitored at TDA similar to the spring out-
migration. The summer study objectives were the same as the spring objectives



above, with the addition of a second forebay entrance located between main
turbine units 21 and 22 on the east end of the powerhouse downriver of the upriver
forebay entrance.

Subyearling Chinook salmon FPE and SPE were higher and SLPE was lower for
fish approaching the forebay via more northern than southern routes at the upriver
and downriver entrances (Summary Table 2). At the upriver entrance, the
differences among FPEs and SPEs for the four approach locations were
statistically significant at night, but not during the day (chi-square or F-tests, night
P <0.02 and day P > 0.03, df = 3). Differences in SLPEs among upriver entrance
locations were not significant during the day or the night (chi-square tests, both P
>0.09, df = 3). Similar trends in FPE and SPE were observed among approach
routes at the downriver entrance, but the differences were significant during day
and night (chi-square and F-tests, all P < 0.0001, df = 3). At the upriver entrance,
turbine entrainment ranged from 2 to 6% among approach routes during the day,
whereas at night it ranged from 8 to 42%. Similarly, turbine entrainment ranged
from 2 to 6% among downriver entrance locations during the day and from 0 to
37% at night.

Overall FPE and SPE were significantly greater during the day than the night for
all radio-tagged subyearling Chinook salmon detected in the forebay, but there was
no significant difference in SLPE (F-tests, P < 0.0001 and P > 0.62, df = 1). Point
estimates of FPE during the day and night were 95 and 71%, estimates of SPE
were 84 and 58%, and estimates of SLPE were 11 and 13% (Summary Table 2).
Overall FPE, SPE, and SLPE were 89, 77, and 11%, respectively.

Studies of FPE, with no account of the effect of the horizontal distribution of fish
upriver of the dam, have potentially masked the high turbine entrainment of
subyearling Chinook salmon approaching the forebay by the more southern routes
nearest the powerhouse. Our results suggest that subyearling Chinook salmon
turbine entrainment could potentially be reduced if fish approaching TDA from the
south were guided to more northerly approach locations away from the
powerhouse. As with yearling Chinook salmon in the spring, however, the actual
amount of reduction in subyearling Chinook salmon turbine entrainment would
depend on the efficiency of the guidance device and the proportion of total run-of-
the-river-fish passage that occurs at night when the most the benefit would occur.



Summary Table 1. Diel fish-, spill-, and sluiceway-passage efficiency (FPE, SPE, and SLPE)
estimates (Est) of yearling Chinook salmon detected at the upriver entrance by approach location
and for all fish detected in the forebay (Overall) during 40% juvenile spill discharge at The Dalles
Dam, 16 May through 07 June 2003. NS/BN=combined north shore and barge north. BS = barge
south. SS = south shore. N = sample size adjusted for detection efficiency. Cl = 95% profile-
likelihood (B) or quasi-likelihood (%) confidence interval for day and night. An asterisk (*)
indicates significant differences in passage metrics among approach locations within a
day or night period, or day and night overall. Day and night refer to the hours from 0530
to 2059 and 2100 to 0529.

Passage Approach Day Night

efficiency location Est 95% ClI N Est 95% CI N
FPEB™B” NS/BN 949  90.6-97.7 216 93.2 86.7 - 97.2 88
BS 89.9 82.8-94.8 138 55.6  39.4-71.0 33

SS 86.0  80.8-90.3 292 66.7 57.2-75.3 99

Overall?” 923 91.1-933 3424 75.1 72.0-781 1239

SPEQ"B” NS/BN 79.2 71.3-858 216 79.5 70.3-87.1 88
BS 65.2 54.1-753 138 27.8 15.0 - 43.6 33

SS 519 44.2-595 292 343  25.6-438 99

Overall?” 740  723-757 3424 60.5  57.3-63.7 1239

SLPE®"®” NS/BN 157 11.3-210 216 13.6 75-21.8 88
BS 246  18.0-32.2 138 27.8 15.0 - 43.6 33

SS 341 28.9-39.7 292 323  23.8-418 99

Overall® 18.3  16.7-19.9 3424 14.6 12.3-17.2 1239

Summary Table 2. Diel fish-, spill-, and sluiceway-passage efficiency (FPE, SPE, and
SLPE) estimates (Est) of subyearling Chinook salmon detected at the upriver and down
river entrances by approach location and for all subyearling Chinook salmon detected in
the forebay (Overall) during 40% juvenile spill discharge at The Dalles Dam, 24 June
through 26 July 2003. NS = north shore. BN = barge north. BS = barge south. SS =
south shore. N = sample size adjusted for detection efficiency. ClI = 95% profile-likelihood
(®) or quasi-likelihood (%) confidence interval for day and night. An asterisk (*) indicates
significant differences in passage metrics among approach locations within a day or night
period, or day and night overall. Day and night refer to the hours from 0530 to 2059 and
2100 to 0529.

Upriver Entrance

Passage  Approach Day Night

efficiency  location Est 95% ClI N Est 95% CI N

FPE 9B+ NS 97.9 90.8-99.9 141 92.3 81.2 - 98.0 39
BN 974 947-989 719 745 69.0-79.5 263

BS 942 894-973 429 59.4 51.7-66.8 160
SS 944 90.7-97.0 640 57.7 51.8-63.4 274
SPE @B+ NS 89.4 83.6-93.7 141 76.9 62.2 - 88.2 39
BN 84.1 81.4-86.7 719 59.3 53.3-65.1 263
BS 80.2 76.2-83.8 429 44.4 36.8-52.1 160
SS 784 751-815 640 37.2 31.6-43.0 274
SLPE 28+ NS 8.5 47-139 141 154 6.4 - 28.7 39
BN 132 109-158 719 15.2 11.2-19.9 263
BS 140 109-175 429 15.0 10.0-21.1 160
SS 159 13.2-189 640 20.4 15.9-255 274



Summary Table 2. Continued.

Downriver Entrance

Passage  Approach Day Night
efficiency  location Est 95% LRCI N Est 95% LRCI N
FPEX"F NS 97.7 941-99.4 130  100.0 - 43
BN 995 98.7-99.9 604 89.4 85.0-93.0 227
BS 986 97.0-995 361 71.2 60.8 - 80.4 80
SS 945 92.2-96.3 473 62.7 56.3-68.8 228
SPEB"Q” NS 90.0 84.1-944 130 90.7 79.7-97.0 43
BN 92.0 89.7-940 604 79.7 742-846 227
BS 85.3 81.4-887 361 47.5 36.8-58.4 80
SS 746 70.6-78.4 473 38.2 32.0-446 228
SLPER"@" NS 77  40-131 130 9.3 3.0-20.3 43
BN 75 55- 97 604 9.7 6.3-140 227
BS 133 10.1-17.0 361 23.7 15.3-33.8 80
SS 199 165-236 473 24.6 19.3-30.4 228
Overall
FPEY 955 94.5-96.3 3868 71.0 67.7-742 1431
SPEY" 842 822-86.0 3868 58.1 53.9-62.3 1431
SLPE® 11.3  9.8-129 3868 12.9 10.3-15.8 1431




Introduction

Regional managers have been exploring surface bypass strategies at The Dalles
Dam (TDA) to increase juvenile salmonid non-turbine passage and enhance fish survival.
Turbine units at TDA are not screened as they are at other lower Columbia River dams to
divert out-migrating juvenile salmonids (Oncorhynchus spp.) from the turbine intakes. In
part, this is due to the relatively high passage efficiency of smolts through the spillway
and the ice-trash sluiceway (sluiceway). Depending on the percentage of total river flow
spilled at the project, they together typically pass 80 to 90% of the juvenile salmonids
(Ploskey et al. 2001). Even so, the relative survival of the remaining 10 to 20% of the
Chinook salmon that pass via the turbines is 82 to 85%, compared to survival rates of 88
to 91% for the spillway and 91% for the ice-trash sluiceway, respectively (Counihan et al.
2003). Hence, turbine passage at TDA has remained a cause of concern.

In 2001 and 2002, the U.S. Army Corps of Engineers (USACE) contracted the
U.S. Geological Survey (USGS) concurrently with the Battelle Memorial Institute to
determine the effect of sluiceway guidance improvement devices (SGID) on turbine
entrainment at TDA (Beeman et al. 2004, Hausmann et al. 2004, Johnson et al. 2003). In
2003, the USACE again contracted the USGS, to conduct new studies at TDA relevant to
the potential use of other surface bypass devices such as a forebay guidance curtain and
removable spillway weir employed on the lower Snake River at Lower Granite Dam
(Adams and Rondorf 2001, Plumb et al. 2004). The USGS’s specific objectives were to:
1) determine the horizontal distribution of radio-tagged yearling and subyearling Chinook
salmon (O. tshawytscha) upriver of TDA, 2) determine the proportion of radio-tagged
fish passing TDA via the spillway, turbines, and sluiceway relative to their upriver
horizontal location and for the project as a whole, and 3) obtain information on the

behavior of radio-tagged fish in the near-dam area prior to passage.



Methods

Study Site

The Dalles Dam is located on the Columbia River at river km 307 (Figure 1). The
dam consists of a single powerhouse of 22 main turbine units (MU), 2 fish units (FU), and
a spillway of 23 tainter gates. The sluiceway runs the length of the forebay side of the
powerhouse from east to west and empties into the tailrace downriver of MUOL. The
powerhouse is oriented parallel to river flow and the spillway is perpendicular to river
flow. A non-overflow wall connects the powerhouse and spillway, and a navigation lock
is located at the northwest end of the dam. The natural thalweg turns abruptly southeast
near the east end of the powerhouse, continues along the powerhouse tailrace, and passes
under the highway 197 bridge near the Washington shore.

—

Sluiceway

Non-overflow Wall

SB = spill bays numbered from north to south. MU = main turbine units
numbered from west to east. United States Army Corps of Engineers Photo
(not representative of spill conditions during study).

Study Design and Dam Operations
The study was divided into spring (yearling Chinook salmon migration) and
summer (subyearling Chinook salmon migration) periods. Dam operations during both



spring and summer consisted of 40% continuous spill discharge with a juvenile spill
pattern. During the juvenile spill pattern, spill is prioritized at the northern end of the
spillway to avoid directing fish into shallow-water areas adjacent to rocks and islands on
the south side of the tailrace known to contain predators, like the northern pikeminnow
(Ptychocheilus oregonesnsis; Shively et al. 1996, Martinelli et al. 1997, Duran et al.
2004). Beginning with the most northerly spill bay, additional spill bays are used as
necessary, proceeding south, until the desired spill volume is achieved. In addition, the
spill bays are operated such that northern spill bays discharge a higher proportion of the
total spill discharge than the bays to the south. Hourly powerhouse and spillway
discharge data were obtained from the USACE (2003) and compiled by the USGS for
each study period.

Fish Tagging, Handling, and Releasing

This study used radio-tagged yearling Chinook of hatchery origin, whereas the
subyearling Chinook salmon were of an unknown origin. All tagged fish were released 23
km upriver of John Day Dam (JDA) or at JDA as part of concurrent studies being
conducted there (refer to Counihan et al. 2004 for release details). Fish to be implanted
with radio transmitters were obtained through the Smolt Monitoring Program at JDA and
were typically held at the collection facility for 12 to 24 h prior to tagging. Fish free of
major injuries, severe descaling, external signs of gas bubble trauma, or other obvious
abnormalities were gastrically implanted using the methods of Martinelli et al. (1998).

Pulse-coded transmitters operating at frequencies between 150.300 and 150.760
MHz were used to allow each individual fish to be recognized. Two sizes of these
transmitters were used to accommodate the different sizes of the spring and summer
migrants. Transmitters implanted in yearling Chinook salmon were 7.3 mm in diameter x
18.0 mm in length and weighed 1.4 g in air and 0.80 g in water (model MCFT-3KM,;
Lotek Wireless, Newmarket, Ontario, Canada'). Transmitters implanted in subyearling
Chinook salmon were 6.3 mm x 4.5 mm x 14.5 mm long and weighed 0.85 g in air and
0.50 g in water (Lotek Wireless model NTC-3-1). Both transmitter types had a 30-cm

whip antenna and an expected tag life of 8 days.

'Any use of trade names is for descriptive purposes only and does not imply endorsement
by the U.S. Government.
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Fish were held in tanks at the collection facility for 20 to 28 h after tag
implantation to allow fish time to recover from the procedure. At the end of the recovery
period, the holding tanks were checked for mortalities before the fish were transported to
Rock Creek, Washington (23 km upstream of JDA), or released through the turbines,
juvenile fish bypass, or directly into the JDA tailrace. Regurgitated tags, when present,

were removed from the holding containers immediately prior to release.

Telemetry Receiving Equipment

Radio-tagged fish were detected near TDA with four-element Yagi (aerial) and
underwater antennas (standard dipole antennas as described by Beeman et al., 2004).
Aerial antennas mounted on two mid-channel barges, in conjunction with aerial antennas
on the north and south shorelines were used to determine the horizontal distribution of
radio-tagged migrants entering the forebay. The first entrance point (upriver entrance),
located furthest upriver, was at the eastern end of the earthen dam on the south shore of
the project and the second entrance (downriver entrance) was located between main
turbine units 21 and 22 on the east end of the powerhouse (Figure 2).

On the dam, aerial antennas were positioned along the forebay sides of the
powerhouse and spillway to detect fish within about 100 m of the dam face, hereafter
referred to as the near-dam area. Individual aerial antennas were spaced such that a pair
of combined antennas monitored an area in front of four turbine units and three or four
spill bays. Seven aerial antennas were used to monitor the entrance and outfall of the
sluiceway and eight aerial antennas were evenly spaced along the forebay side of the non-
overflow wall. Aerial antennas at the powerhouse were aimed almost vertically
downward toward the water surface to reduce their range of detection to a maximum of 80
m from the dam, restricting data collection to those fish nearest the powerhouse.
Additional aerial antennas were used to monitor the tailrace. All Yagi antennas, except
those monitoring the sluiceway, were connected to SRX-400 receivers (Lotek Wireless,
Newmarket, Ontario, Canada), which recorded the telemetry data, following the methods
of Hensleigh et al. (1999). Each SRX-400 receiver was configured to scan all attached

antennas combined (the master antenna), until it received a signal and then cycle through



individual aerial antennas (auxiliary antennas) to determine a more precise location of the

transmitter.

2. Upriver
¥ entrance

Downriver
entrance

Figure 2. Upriver and downriver entrance locations at The Dalles Dam used to
determine radio-tagged yearling and subyearling Chinook salmon horizontal
location as they approached the forebay during 2003. The black rectangles
represent mid-channel barges with antennas (black arrows) facing to the north
and south. Additional entrance array antennas were located on the north and
south shorelines. General areas of fish location: NS = north shore, BN = Barge
north, BS = barge south, SS = south shore. United States Army Corps of
Engineers Photo (not representative of spill conditions during study).

Underwater dipole antennas in the forebay were used to monitor radio-tagged
juvenile salmonids within about 10 m of each turbine unit or pair of spillway tainter gates.
Underwater dipole antennas were mounted at several elevations to the main pier noses
between all main units, main unit 1 and fish unit 1, and the pier nose to the west
(downstream) of fish unit 2. The antennas were mounted at elevations 140, 120 and 100 ft
above mean sea level (msl), which correspond to water depths of 20, 40, and 60 ft below
the normal operating pool elevation of 160 ft above msl (Figure 3). The inputs from all
the underwater antennas and the aerial antennas in the sluiceway were monitored using a

Multiprotocol Integrated Telemetry Acquisition System (MITAS; Grant Systems
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Engineering, King City, Ontario, Canada), which is a PC-based telemetry data collection

system.
| I:‘

A ! B /1
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Figure 3. Location of underwater antennas on pier noses between turbine units 1
through 22 (A), and the location of aerial and underwater antennas on spill bay
pier noses (B) at The Dalles Dam, 2003. Each aerial antenna detected fish in
front of two spill bays or turbine units.

Data Management and Analysis

Data from radio-telemetry receivers and the MITAS system were typically
downloaded every day and imported into the SAS System for Windows (Version 8.2, SAS
System for Windows, copyright © 1999-2001 SAS Institute Inc., SAS and all other SAS
Institute Inc. product or service names are registered trademarks or trademarks of SAS
Institute Inc., Cary, NC, USA) to be proofed and analyzed. These data were merged with
release information for each radio-tagged fish and electronically proofed using a program
created in SAS to filter out background noise. Potential individual fish data comprised of
invalid channel and code combinations; records logged before a fish’s release; records
below an empirically determined signal strength threshold for each aerial and underwater
array; fewer than two records within a 20 min period, or; less than 5 records in a 60-min
interval on the MITAS underwater antenna array or a single aerial receiver unsupported
by at least one record on the corresponding forebay aerial or underwater array during the
same hour, or a minimum of two other records at the entrance, sluiceway, tailrace, and

exit station over a 3-h period beginning 1 h before and ending 1 h after the 60-min
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interval were designated as noise. The program output was validated against manually
proofed and reconciled radio-telemetry data sets from similar studies at TDA in 2002 and
a subset of the fish releases from the current study.

First entrance times, first and last forebay locations and times, first underwater
antenna location and time, first and last tailrace locations and times, and first and last exit
station times were assigned after the data sets were filtered for background noise. Due to
overlapping areas of detection among underwater and aerial antenna arrays and different
amounts of resolution in location between antenna types, the antenna type and signal
strength were used to assign first and last locations in the forebay. During the first 90 sec
of forebay detection, a fish’s time and area of first location was assigned based on the first
underwater antenna detection when present. In the event of simultaneous detections on
two adjacent underwater antennas, fish were assigned to a single location corresponding to
the antenna with the highest recorded signal strength. Fish not detected on underwater
antennas during the first 90 sec, were assigned first forebay times and locations based on
the auxiliary antenna record having the highest signal strength during that interval, or the
master antenna record with the strongest signal strength if there were no auxiliary antenna
records. Similarly, a fish’s last forebay location and time was assigned based on antenna
type and signal strength during the last 90 sec of a fish’s detection history. A 90-sec
interval was chosen in assigning first and last forebay locations because it approximately
coincided with the upper boundary of time needed to complete a receiver scan cycle if
several fish were present at any given time.

The time a radio-tagged fish was first detected by forebay antennas was considered
the time of arrival at TDA and a fish’s approach to the dam was defined as the location of
first detection within 10 m of the dam (near-dam area) on the underwater antenna array.
The location and time of the last detection of an individual fish on the telemetry
equipment on the dam face was considered the route and time of passage through the dam.
Fish last detected in the sluiceway were considered to have passed at the powerhouse, but
via the non-turbine sluiceway route. At both forebay entrance arrays, fish were assigned
general horizontal locations in the north (north shore and barge north) and south (barge
south and south shore) portions of the river. The upriver entrance array was first
operational on 16 May, but the downriver entrance array was not operational until the

14



summer study period. Fish detected by antennas at more than one location at an entrance
were assigned to the single location having the highest mean signal strength.

Upriver and downriver entrance residence times and forebay residence times were
determined. Upriver and downriver entrance residence time, metrics not used in past
studies, were defined as the time between a fish’s first detection at the upriver entrance
(upriver residence time) or downriver entrance (downriver entrance time) and the last
detection in the forebay within approximately 100 m of the dam. Forebay residence time,
as in the past, was defined as the amount of time between the first detection within about
100 m of the dam and the last forebay detection. Thus, as calculated, upriver entrance
residence time included the time defined by downriver and forebay residence time and
downriver entrance residence time included the time defined by forebay residence time.
These residence times are minimum estimates of the actual time that radio-tagged fish
spent in the near-dam area due to the chance that a fish might have been in the near-dam
area for an unknown amount of time prior to their first detection and following their last
detection. Residence times in the tailrace and at the exit station were calculated similar to
forebay residence times.

Once all times and locations of interest (events) were electronically assigned,
individual fish histories were verified using criteria based on manually proofed and
reconciled radio-telemetry data for the same species obtained in 2002. A fish’s event
history was considered potentially suspect if: 1) the travel time between release and first
forebay, tailrace, or exit detection, or travel time between sequential events was less than
the 5™ or greater than the 95™ percentiles, 2) forebay residence times exceeded the 95"
percentile of similar 2002 metrics, or 3) a fish’s events were chronologically out of order.
Fish whose event histories were suspect because of one or more of the above criteria were
manually proofed and reconciled with the electronic proof prior to further analyses.

Before calculating the proportion of fish passing TDA by each route, diel fish
detection probabilities at the powerhouse, spillway, and sluiceway were determined and
used to adjust the observed number of fish passing TDA via each passage route daily. The
detection efficiencies of the telemetry arrays at the powerhouse, spillway, and sluiceway
were calculated using a “double array” system as described by Lowther and Skalski
(1997). This method is based on the number of fish detected and undetected at each of

15



two arrays to determine the detection probability of each array, and ultimately, the
combination of the two arrays. In a double-array system, the detection probability of one

array is calculated as:

P1=11/(11+01) Equation 1

where 11 denotes the number of fish that were detected on both arrays and 01 denotes the
number of fish not detected on the first array, but detected on the second. The detection

probability of the second array is calculated as:

P2 =11/(11+10) Equation 2

where 10 denotes the number of fish detected on the first array, but not the second. The

overall detection probability of the combined arrays is calculated as:

P12 = 1-((1-P1)(1-P2)) Equation 3.

The forebay aerial and underwater arrays at the powerhouse and spillway were each
considered as a single upstream array (P1) for that route of passage and the aerial antennas
in the tailrace of each area were considered the downstream arrays (P2). The two arrays
in the sluiceway were composed of aerial antennas within the sluiceway between main
unit 1 and the corner before the drop to the tailrace side (P1) and aerial antennas within
the sluiceway at the roadway bridge near the sluiceway outfall (P2). The numbers of fish
detected passing at the spillway, turbines, or sluiceway were adjusted by dividing the
numbers detected passing at one of these routes by the overall detection probability for
that route (P12, equation 3). For example, the adjusted number of fish passing through the

powerhouse during a day or night period would be calculated as:
PHadj = PHops /PHdprob

Where PH.q; and PHqps are the adjusted and unadjusted numbers of fish detected passing

the powerhouse, and PHqgrob is the detection probability at the powerhouse.
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Fish-passage efficiency (proportion of fish passing via all non-turbine routes;
FPE), spill-passage efficiency (the proportion of fish passing via the spillway; SPE), and
sluiceway-passage efficiency (the proportion passing via the sluiceway; SLPE) were
calculated for each group of fish assigned to a particular horizontal river location at the
upriver and downriver entrances. The FPE, SPE, and SLPEs were statistically compared
among horizontal river locations at each entrance within the day and night period using a
logistic regression procedure with chi-square tests of odds ratios (Stokes et al. 2000).
Logistic regression is a form of statistical modeling that can be used to describe the
relationship between a dichotomous response variable and a set of explanatory variables.
When an overall significant difference in FPE, SPE, or SLPE among groups of fish
assigned individual horizontal river locations was indicated, linear combinations of the
parameters were tested to see if they were significantly different from zero in order to
determine if any of the proportions for the entrance locations were similar. Day and night
were defined as the hours from 0530 to 2059 and 2100 to 0529, respectively. Overall
project FPE, SPE, and SLPE were calculated and compared between diel periods for the
entire spring and summer seasons. Seasonal variation in the estimation of passage metrics
for upriver approach and the timing of arrival and passage at TDA was assessed and
accounted for during three seasonal periods, whereas the variation in overall project
passage estimates was assessed on a daily basis.

Overdispersion or the lack of model fit due to estimation of the logit model with
grouped data was assessed by examining the residual deviance and residual degrees of
freedom. Consistency of the data with the null hypothesis of no overdispersion was
measured using the chi-square P-value for the model’s residual deviance and residual
degrees of freedom. A P-value > 0.25 was considered to indicate that the data were
consistent with the null hypothesis and the binomial-likelihood model was used to test for
differences in treatment effects, whereas a P-value < 0.10 was considered to be
inconsistent with the null hypothesis of no overdispersion and the quasi-likelihood model
was used to test for treatment differences instead. A P-value between 0.10 and 0.25 was
considered inconclusive and both models were used. If the results of both models were in
agreement, the less conservative binomial model was used, whereas if the results differed

between models, the more conservative quasi-likelihood model was used and graphical
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examination of data was used to help explain the results. During the process of model
fitting, deviance residuals were also graphed and examined for obvious outliers, skew,
kurtosis, and heterogeneity of variation. In the cases where the quasi-likelihood form of
the model were applicable, the standard errors were adjusted or scaled by multiplying by
the square root of the ratio of the deviance and the degrees of freedom and the statistical
significance of the models effects were based on the F-tests generated by SAS, rather than
chi-square tests. Ninety-five percent profile- (log-ratio) or quasi-likelihood (over-
dispersed model) confidence intervals were calculated for the overall odds ratio and single
seasonal estimates of the passage indices for each comparison. Confidence intervals and
P-values associated with the logistic regressions in this study do not account for the
additional variation induced by adjusting the actual counts of fish passing via the various
passage routes by a particular routes detection probability. However, since detection
probabilities are generally very high for the various routes and few fish pass through areas
with the lowest detection probability, differences between actual and adjusted counts are
negligible and this additional variation should be small. Results of statistical tests

throughout this report were considered statistically significant when P < 0.05.
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Results from the Spring Study Period

Dam Operations

The observed mean day and night percent spill levels were similar during the
study. Overall, the mean hourly percent day and night spill discharges were 39 and 38%,
respectively. The mean hourly day spill ranged from 34 to 46% and mean night spills
ranged from 35 to 41% (Figure 4). Mean project discharge ranged from 173 to 368
thousand cubic feet per second (kcfs) during the day and from 162 to 330 kcfs at night
(Figure 4). Most spill was discharged through spill bays 1 through 14. Water temperature
increased during the spring study period from about 12 to 16° C, while the forebay
elevation ranged from 157.7 to 159.3 ft (Figure 5).
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Figure 4. Mean day and night percent spill and total discharge at The
Dalles Dam, spring 2003. Day and night refer to the hours from 0530
to 2059 and 2100 to 0529. Kcfs = thousand cubic feet per second.
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Figure 5. Elevation (upper line) above mean sea level and water temperature
(lower line) at The Dalles Dam forebay between 29 April and 07 June 2003. Data
from University of Washington at http://www.cqs.Washington.edu/dart/river.html.

Number of Fish Released and Detected

From 27 April through 05 June 2003, 5568 yearling Chinook salmon were radio-
tagged and released 23 km above JDA at Rock Creek or at John Day Dam (Table 1;
Appendices A and B). Released fish had a mean fork length of 153 mm (114 to 230 mm)
and a mean weight of 35 g (18 to 130 g). The mean tag weight to fish body weight ratio
was 4% (range 1.1 to 7.7%). Radio-tagged yearling Chinook salmon passed TDA
between 29 April and 07 June 2003, representing 94% of the spring out migration (5"
through 98" percentile, Figure 6 and Appendix C). Fish sampled by the Smolt Monitoring
Facility during this period averaged 165 mm in length (85 mm to 296 mm). Eighty-three
percent of the released fish were detected at TDA (Table 1). Twenty-six percent of the
fish released between 14 May and 05 June were detected at the upriver entrance array.
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Table 1. Number of radio-tagged yearling Chinook salmon released 23 km above John
Day Dam (JDA) at Rock Creek or at JDA, and the percent of fish detected by telemetry
equipment at The Dalles Dam, spring 2003.

Release Number Percent
site released detected
Rock Creek 1389 78.7
JDA 4179 83.9
Overall 5568 82.6
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Figure 6. Smolt passage index at John Day Dam between 01 April and 01

July 2003. The horizontal bar indicates the spring release period. Data

from University of Washington website at http://www.cqgs.washington.

edu/dart/river.html.
Travel Time, Arrival Time, and Approach Pattern

The median travel time of yearling Chinook salmon released from the Rock Creek
site to the TDA forebay was about 3 times greater than fish released at John Day Dam.
The median travel time of fish released at Rock Creek was 44 h (21 to 158 h) and the
median travel time of fish released at John Day Dam was 15 h (8 to 57 h). The hour of
arrival at TDA was dispersed throughout the diel period because of the variability in travel
time among individuals (Figure 7). The mid-day peak and nighttime lows in the
percentages of fish arriving were consistent across the spring period and the data were
pooled. Seventy-four percent of the radio-tagged fish arrived during the day and 26%

arrived at night.
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Figure 7. Hour of arrival (2-h intervals) of radio-tagged yearling Chinook at
The Dalles Dam, 29 April through 07 June 2003. Fish were released 23 km
above or at John Day Dam. N =sample size.

The horizontal distribution of radio-tagged fish at the upriver entrance was similar
during day and night periods (Figure 8). Most fish passed the entrance array at the south
shore and barge north locations followed by the barge south and north shore locations.
Overall, during the day, 69% of the fish passed the entrance at the two southern locations
and 31% passed at the two northern locations, whereas at night, 55 and 45% of the fish

passed the entrance at the southern and northern locations.
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Figure 8. Horizontal passage location of radio-tagged yearling Chinook salmon
detected at the upriver entrance above The Dalles Dam, 16 May through 07 June
2003. NS = north shore. BN = barge north. BS = barge south. SS = south shore.
Day and night refer to the hours from 0530 to 2059 and 2100 to 0529. N =sample
size (day, night).
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The predominant area of first detection within 10 m of the dam varied during the
day, but at night, most fish were first detected at the spillway (Figure 9). Overall, during
the day, 51% of the fish first approached the dam at the powerhouse and 49% of the fish
first approached at the spillway (Figure 10). At night, 34% of the fish were first detected
at the powerhouse and 66% were first detected at the spillway. The percentages of first
detections at the powerhouse were higher at the west end (fish unit 1 through main unit
11) than at the east end, while most first detections at the spillway were at the north end
(spill bays 1 through 12; Table 2). These distributions reflect the proportion of time that
individual turbine units and tainter gates were discharging water during the study period
(Appendix D through G) and differences in the volume of water spilled at individual
tainter gates as prescribed by the juvenile spill pattern.
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Figure 9. Percentage of radio-tagged yearling Chinook salmon first detected
at the powerhouse and spillway within 10 m of The Dalles Dam from 29 April
through 07 June 2003. Day and Night refer to the hours from 0530 to 2059
and 2100 to 0529. Day sample sizes ranged from 23 to 129 and night sample
sizes ranged from 7 to 51 per date.
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Figure 10. Percent of radio-tagged yearling Chinook salmon first detected within 10 m of
The Dalles Dam at fish unit (FU) 1 through main turbine unit (MU) 22 at the powerhouse,
and spill bays 23 through 1, 29 April through 07 June 2003. Day and night refer to the
hours 0530 to 2059 and 2100 to 0529. Sample sizes: 3199 day, 1063 night. Turbine units
are graphed from east powerhouse to west powerhouse or upstream to downstream. Spill
bays are graphed from south to north. See Figure 1 for orientation of powerhouse and
spillway to river flow.

Table 2. Percentages of yearling Chinook salmon first detections by forebay area at The
Dalles Dam, 29 April through 07 June 2003. Day and night refer to the hours 0530 to
2059 and 2100 to 0529.

Forebay area Day (%) Night (%)
Fish Unit 1-Turbine Unit 11 33 24
Turbine Units 12-22 18 10
Spill Bays 1-12 39 54
Spill Bays 13-23 10 12

Residence Times and Time of Passage

Median entrance and forebay residence times at TDA were less than an hour
(Table 3). Median entrance residence times of fish detected at the upriver barge were 0.9
and 0.8 h during the day and night, respectively. Median forebay residence times were 0.2
h during the day and 0.1 h at night. The time of day that radio-tagged fish passed TDA
was similar to the time of arrival due to the short period of residence. Seventy-four

percent of the fish passed TDA during the day and 26% passed at night (Figure 11).
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Table 3. Twenty-fifth, 50" (median), and 75" percentiles of radio-tagged yearling
Chinook salmon entrance and forebay residence times (h) at The Dalles Dam by diel
period, 29 April through 07 June 2003. Day and night refer to the hours 0530 to 2059
and 2100 to 0529. Residence times were calculated from the first entrance or forebay
time to the last forebay time. N =sample size.

Day Night
Location 25th Median 75th N 25th Median 75th N
Upriver Entrance 0.66 0.86 1.11 641 063 085 1.14 220
Forebay 0.03 025 056 3420 0.01 0.09 0.31 1155
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Figure 11. Hour of passage (2-h intervals) of radio-tagged yearling Chinook
salmon at The Dalles Dam during 40% juvenile spill discharge, 29 April
through 07 June 2003. Fish were released 23 km above or at John Day Dam. N
= sample size.
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Diel Detection Probabilities and General Route of Passage

Detection probabilities were high for all passage routes and had little effect on the
observed frequencies of fish passing TDA via the three major passage routes. Diel
detection probabilities at the sluiceway and spillway were greater than 0.98 and ranged
from 0.92 to 0.97 at the powerhouse (Table 4).

Table 4. Yearling Chinook salmon diel capture histories and detection probabilities at
telemetry arrays at The Dalles Dam powerhouse (turbines), spillway, and sluiceway, 29
April through 07 June 2003. Capture history: 10 = number of fish detected only on
array 1, 01 = number of fish detected only on array 2. 11 = number of fish detected on
both array 1 and 2. Day and night refer to the hours from 0530 to 2059 and 2100 to
0529.

Powerhouse Spillway Sluiceway
ﬁ?saw Day Night Day Night Day Night
01 9 42 4 1 58 24
10 112 88 380 76 56 20
11 144 153 2150 673 511 137
Total 265 283 2534 750 625 181
Detection Probabilities

P1 0.94 0.78 1.00 1.00 0.90 0.85
P2 0.56 0.63 0.85 0.90 0.90 0.87
P12 0.97 0.92 1.00 1.00 0.99 0.98

The probability of a fish passing through a particular passage route was influenced
by its location as it entered the forebay at the upriver entrance. During the day and night,
the percent of fish passing via the spillway was higher for those fish entering the forebay
by more northern than southern routes, while concurrent passage through the powerhouse
turbines and sluiceway was lower (Figure 12). During the day, from north to south,
spillway passage decreased from 83 to 52%; sluiceway passage increased from 13 to 34%,
and; turbine passage increased from 5 to 14%. At night, spillway passage decreased from
91 to 34%; sluiceway passage increased from 9 to 33%, and; turbine passage increased
from 0 to 47%.

Diel differences in passage behavior were also evident for all radio-tagged yearling
Chinook salmon detected at the dam. At night, proportionately more fish passed via the

turbines and fewer fish passed through the spillway than during the day (Figure 13).
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Similar proportions of fish passed via the sluiceway during the day and night. Overall,
during the day, 8% of the fish passed via the turbines, 18% passed through the sluiceway,
and 74% passed via the spillway. At night, 25% passed via the turbines, 15% passed via

the sluiceway, and 60% passed at the spillway.
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Figure 12. Yearling Chinook salmon distribution of passage through the
powerhouse (turbines), sluiceway, and spillway at The Dalles Dam by
passage location at the upriver entrance, 16 May through 07 June 2003. NS
= north shore. BN = barge north. BS = barge south. SS = south shore. Day
and night refer to the hours from 0530 to 2059 and 2100 to 0529. Sample
sizes adjusted for detection efficiency are shown near bars for each upriver
entrance passage location.
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Figure 13. Radio-tagged yearling Chinook salmon passage via the turbines,
sluiceway, and spillway at The Dalles Dam during 40% juvenile spill discharge, 29
April through 07 June 2003. Specific passage percentages for each route are shown
on each bar. Sample sizes adjusted for detection efficiency are in (). Day and night
refer to the hours 0530 to 2059 and 2100 to 0529.

Most radio-tagged fish passing TDA via the turbines did so at the west and middle
thirds of the powerhouse, while most spillway passage occurred at spill bays 1 through 14
on the north end of the spillway (Figure 14). These passage distributions reflect the
percent of time individual turbines and tainter gates were in operation (Appendix D
through G) and differing volumes of water spilled through each tainter gate as prescribed

by the juvenile spill pattern.
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Figure 14. Radio-tagged yearling Chinook salmon passage via the powerhouse (main
turbine units 22 through 1, fish turbine units 1 and 2, and the sluiceway) and the
spillway (spill bays 23 through 1) during 40% spill discharge at The Dalles Dam, 29
April through 07 June 2003. Fish were released 23 km above or at John Day Dam.
Day and night refer to the hours 0530 to 2059 and 2100 to 0529. Sample sizes
adjusted for detection efficiency are in (). Powerhouse turbines and sluiceway are
graphed from east to west or upriver to downriver and spill bays are graphed from
south to north.

FPE, SPE, and SLPE Relative to Forebay Approach

Yearling Chinook salmon FPE, SPE, and SLPE significantly differed among fish
approaching the forebay at the four upriver entrance locations (chi-square tests, all P <
0.02, df = 2; Figures 15 through 17 and Appendix H). During the day, FPE and SPE
were lower for fish entering the forebay via more southern than northern routes (86 vs.
95% and 52 vs. 79%), and SLPE was higher (34 vs. 16%; Table 5). Differences in FPE
between the barge south and south shore locations were not significant, but they were for
SPE and SLPE (Appendix H). At night, the trends in FPE, SPE, and SLPE among
entrance locations were similar to those observed during the day, but the magnitude of the

differences in FPEs and SPEs between fish approaching the forebay via the southern and
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northern routes were greater at night than during the day (Figures 15 through 17). The
FPE ranged from 67 to 93%, SPE ranged from 34 to 80%, and SLPE ranged from 32 to
14%. Differences between the barge south and south shore locations were not significant
for FPE, SPE, or SLPE (Appendix H).
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Figure 15. Diel estimates of radio-tagged yearling Chinook salmon fish passage
efficiency by upriver entrance passage location and seasonal period, 16 May
through 07 June 2003. NS = north shore. BN = barge north. BS = barge south. SS
= south shore. Day and night refer to the hours from 0530 to 2059 and 2100 to
0529. Actual percentages are shown above bars and sample sizes adjusted for
detection efficiency are shown on the bar.
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Figure 16. Diel estimates of radio-tagged yearling Chinook salmon spill-passage
efficiency at The Dalles Dam by upriver entrance passage location and seasonal
period, 16 May through 07 June 2003. NS = north shore. BN = barge north. BS =
barge south. SS = south shore. Day and night refer to the hours from 0530 to 2059
and 2100 to 0529. Actual percentages are shown above bars and sample sizes
adjusted for detection efficiency are shown on each bar.
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Figure 17. Diel estimates of radio-tagged yearling Chinook salmon sluiceway-
passage efficiency at The Dalles Dam by upriver entrance passage location and
seasonal period, 16 May through 07 June 2003. NS = north shore. BN = barge
north. BS = barge south. SS = south shore. Day and night refer to the hours from
0530 to 2059 and 2100 to 0529. Actual percentages are shown above bars and
sample sizes adjusted for detection efficiency are shown on each bar.
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Table 5. Diel fish-, spill-, and sluiceway-passage efficiency (FPE, SPE, and SLPE)
estimates (Est) of yearling Chinook salmon detected at the upriver entrance by approach
location during 40% juvenile spill discharge at The Dalles Dam, 16 May through 07 June
2003. NS/BN = combined north shore and barge north. BS = barge south. SS = south
shore. N = sample size adjusted for detection efficiency. Cl = profile-likelihood (®) or
quasi-likelihood (?) confidence interval. Asterisks (*) indicate significant differences in a
passage efficiency metric among locations within a diel period (See Appendix H for
details). Day and night refer to the hours from 0530 to 2059 and 2100 to 0529.

Passage  Approach Day Night
efficiency  location Est 95% CI N Est 95% CI N
FPE®"®"  NS/BN 949 90.6-97.7 216 93.2 86.7-972 88
BS 89.9 82.8-948 138 55.6 39.4-71.0 33
SS 86.0 80.8-90.3 292 66.7 57.2-753 99
SPE®"B"  NS/BN 79.2 713-858 216 795 70.3-87.1 88
BS 65.2 54.1-753 138 278 150-436 33
SS 519  442-595 292 343 256-438 99
SLPE®"®"  NS/BN 15.7 11.3-21.0 216 13.6 75-218 88
BS 246 18.0-322 138 278 150-436 33
SS 341 289-397 292 323 238-418 99

Overall Project FPE, SPE, and SLPE

The FPE, SPE, and SLPE of all radio-tagged yearling Chinook salmon detected in
the forebay were significantly greater during the day than the night (chi-square tests, All P
< 0.007, df =1; Appendices I through K and Figure 18). Point estimates of FPE during
day and night were 92 and 75%; estimates of SPE were 74 and 60%, and; estimates of
SLPE were 18 and 15% (Table 6). Graphical examination of hourly FPE estimates for
spring indicates that turbine passage was relatively higher (16 to 30%) between 2100 and
0459 hours than between 0500 and 2059 hours (5 to 11%), resulting in diel differences in
FPE (Figure 19). Overall (pooled day and night), estimates of FPE, SPE, and SLPE were
88, 70, and 17%, respectively (Table 6).
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Figure 18. Daily diel estimates of radio-tagged yearling Chinook salmon fish-
passage efficiency (FPE), spill-passage efficiency (SPE), and sluiceway-passage
efficiency (SLPE) at The Dalles Dam, 29 April through 07 June 2003. Efficiency
estimates are expressed as a percent. Day and night refer to the hours 0530 to 2059
and 2100 to 0529. Sample sizes are given in Appendices | through K.
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Figure 19. Percentage of yearling Chinook salmon passing through The Dalles Dam
powerhouse (turbines), sluiceway, and spillway and fish passage efficiency (FPE) by
hour, 29 April through 07 June 2003. N =4594.

Table 6. Diel and overall fish-, spill-, and sluiceway-passage efficiency (FPE, SPE, and
SLPE) estimates of yearling Chinook salmon detected at The Dalles Dam during 40%
spill discharge, 29 April through 07 June 2003. QRCI = quasi-likelihood ratio confidence
interval. Day and night refer to the hours from 0530 to 2059 and 2100 to 0529. Asterisks
(*) indicate a significant difference between day and night estimates at the o = 0.05 level.
N = sample size adjusted for detection efficiency.

Diel Passage

period efficiency Estimates 95% QRCI N
Dav FPE* 92.3 91.1-933 3424
SPE* 74.0 72.3-75.7 3424
SLPE* 18.3 16.7 - 19.9 3424
Niaght FPE 75.1 72.0-78.1 1239
SPE 60.5 57.3 - 63.7 1239
SLPE 14.6 12.3-17.2 1239
Overall FPE 87.7 85.6 - 89.6 4663
SPE 70.4 68.4-72.4 4663
SLPE 17.3 15.9 - 18.7 4663
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Results from the Summer Study Period

Dam Operations
The observed mean day and night percent spill levels were similar during the
study. Overall, the mean hourly percent spill discharges during the day and night periods
were both 39%. The mean hourly percent day spill discharges ranged from 36 to 41%
among days and mean night spills ranged from 29 to 41% (Figure 20). Mean project
discharge ranged from 96 to 231 thousand cubic feet per second (kcfs) during the day and
from 105 to 209 kcfs at night (Figure 20). Water temperature increased during the
summer study period from about 16 to 22° C, while the forebay elevation ranged from
157.9 to 159.4 ft (Figure 21).
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Figure 20. Day and night mean percent spill and total discharge at The Dalles
Dam, 24 June through 26 July 2003. Kcfs = thousand cubic feet per second.

Day and night refer to the hours 0530 to 2059 and 2100 to 0529.
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Figure 21. Elevation (upper line) above mean sea level and water temperature

(lower line) at The Dalles Dam forebay between 24 June and 26 July 2003. Data

from University of Washington at http://www.cqs.Washington.edu/dart/river.html.
Number of Fish Released and Detected

From 24 June through 26 July 2003, 6936 subyearling Chinook salmon were

radio-tagged and released 23 km above JDA at Rock Creek or at JDA (Appendices L and
M). Seventy-six percent of these fish were detected at TDA (Table 7). Thirty-eight
percent were detected at the upriver entrance and 31% were detected at the downriver
entrance to the TDA forebay. Radio-tagged fish had a mean fork length of 116 mm (108
to 158 mm) and a mean weight of 16 g (12 to 39 g). The mean tag weight to body weight
ratio was 5.3% (2.2 to 7.1%). The summer results are based on subyearling Chinook
salmon of hatchery and wild origin passing TDA between 24 June and 26 July 2003,
corresponding with 50% of the summer out migration (32nd through 82nd percentile,
Figure 22; Appendix N).

Table 7. Number of radio-tagged subyearling Chinook salmon released 23 km above John
Day Dam (JDA) at Rock Creek and in the JDA tailrace, and the percent of fish detected by
telemetry receivers at The Dalles Dam, summer 2003.

Release Number Percent

site released detected
Rock Creek 4122 65.8
JDA tailrace 2814 92.8
Overall 6936 76.7
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Figure 22. Smolt passage index at John Day Dam between 15 May and 15
September 2003. The horizontal bar indicates the summer release period.
Data from University of Washington website at http://www.cgs.
washington.edu/dart/river.html.

Travel Time, Arrival Time, and Approach Pattern

The median travel time of subyearling Chinook salmon released from the Rock
Creek site to the TDA forebay was 3 times greater than fish released at JDA. The median
travel time of fish released at Rock Creek was 51 h (21 to 194 h) and the median travel
time of fish released at John Day Dam was 17 h (9 to 58 h). Due to the variability in
travel time among individuals, the hour of arrival at TDA was dispersed throughout the
diel period (Figure 23). The distribution of fish arrival was similar across the summer
period and the data were pooled. Seventy-one percent of the radio-tagged fish arrived
during the day and 29% arrived at night.

The horizontal distribution of subyearling Chinook salmon at the upriver and
downriver entrances was similar between the two entrances and diel periods (Figure 24).
Most fish passed the entrances at the barge north and south shore locations, followed by
the barge south and north shore locations. During the day, 34 and 31% of the fish passed
the upriver and downriver arrays at the south shore, 22 and 23% at the barge south area,
39 and 40% at the barge north area and 5 and 7% at the north shore area. At night, 36% of

the fish passed the upriver and downriver entrances at the south shore, 22 and
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Figure 23. Hour of arrival (2-h intervals) of radio-tagged subyearling
Chinook at The Dalles Dam, 24 June through 26 July 2003. N = sample size.

16% at the barge south area, 32 and 37% at the barge north area and 10 and 11% at the
north shore. Overall, during the day at the upriver entrance, 56% of the fish passed at the
combined southern locations and 44% passed at the combined northern locations, whereas
at night, 57 and 43% of the fish were located at these combined areas. At the downriver
entrance during the day, 54 and 46% of the fish passed at the combined southern and
northern areas, whereas at night, 52 and 48% of the fish passed at these areas.

Within 10 m of the dam, more fish first approached at the spillway than at the
powerhouse during both day and night (Figure 25). Most of these fish were first detected
at the northern half of the spillway (bays 1 through 12) and western half of the
powerhouse (fish unit 1 through main turbine unit 11; Figure 26 and Table 8). Overall,
during the day, 64% of the fish were first detected at the spillway and 36% were first
detected at the powerhouse (Figure 26). At night, 60% of the fish were first detected at

the spillway and 40% were first detected at the powerhouse.
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Figure 24. Horizontal passage location of radio-tagged subyearling Chinook
salmon detected at the upriver and downriver entrances above The Dalles Dam,
24 June through 26 July 2003. NS = north shore. BN = barge north. BS =
barge south. SS = south shore. Day and night refer to the hours from 0530 to
2059 and 2100 to 0529. N = sample size (day, night).
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during day and night, 24 June through 26 July 2003. Day and night refer the

hours from 0530 to 2059 and 2100 to 0529. Sample sizes ranged from 3 to 192

during the day and from 5 to 87 at night per date.
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Figure 26. Percent of radio-tagged subyearling Chinook salmon first detected on
forebay underwater antennas within 10m of The Dalles Dam at fish units 1 and 2
(FU1 - FU2) and main turbine units 1 through 22 (MU1 - MU22) at the powerhouse
and spill bays 23 through 1, 24 June through 26 July 2003. Day and night refer to
the hours 0530 to 2059 and 2100 to 0529. Sample sizes: 3613 day, 1320 night.
Turbine units are graphed from east powerhouse to west powerhouse or upstream to
downstream. Spill bays are graphed from south to north. See Figure 1 for
orientation of powerhouse and spillway to river flow.

Table 8. Percentage of subyearling Chinook salmon first detections by forebay area at
The Dalles Dam, 24 June through 26 July 2003. Day and night refer to the hours 0530 to
2059 and 2100 to 0529.

Forebay area Day (%) Night (%)
Fish Unit 1 - Turbine Unit 11 25 29
Turbine Units 12 - 22 10 10
Spill Bays 1 - 12 56 52
Spill Bays 13 - 23 9 9

Residence Times and Time of Passage

Median upriver entrance, downriver entrance, and forebay residence times at TDA
did not exceed 1.3 h during the day or night (Table 9). Consequently, the hour of passage
and arrival were similar. The time of day that radio-tagged fish passed TDA was affected
by release times and individual travel times from the release site. Seventy-three percent of
the fish passed TDA during the day and 27% passed at night (Figure 27).

42



Table 9. Twenty-fifth, 50" (median), and 75" percentiles of radio-tagged subyearling
Chinook salmon entrance and forebay residence times (h) at The Dalles Dam by diel
period, summer 2003. Day and night refer to the hours from 0530 to 2059 and 2100 to
0529. Residence times were calculated from the first entrance or forebay time to the

last forebay time. N = sample size.

Day Night
Location 25th Median 75th N 25th Median 75th N
Upriver Entrance 085 111 1.49 1748 098 133 1.89 878
Downriver Entrance 0.48 0.65 0.93 1575 0.48 0.80 1.27 808
Forebay 0.07 0.30 059 3793 0.08 035 0.86 1554
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Figure 27. Hour of passage (2-h intervals) of radio-tagged subyearling Chinook
salmon at The Dalles Dam during 40% spill discharge, 24 June through 26 July
2003. Fish were released 23 km above or at John Day Dam. N = sample size.
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Diel Detection Probabilities and General Route of Passage
Detection probabilities were high for all passage routes and had little effect on the
observed frequencies of fish passing via each route. Diel detection probabilities at the

spillway and sluiceway were 1.00, whereas at the powerhouse they were 0.97 (Table 10).

Table 10. Subyearling Chinook salmon diel capture histories and detection probabilities for
telemetry arrays at The Dalles Dam powerhouse (turbines), spillway, and sluiceway, 24 June
through 26 July 2003. Capture history: 10 = number of fish detected only on array 1, 01 =
number of fish detected only on array 2. 11 = number of fish detected on both array 1 and 2.
Day and night refer to the hours from 0530 to 2059 and 2100 to 0529.

Powerhouse Spillway Sluiceway
Capture History Day Night Day Night Day Night
01 9 55 9 4 9 11
10 57 73 208 40 7 4
11 111 279 3066 796 415 171
Total 177 407 3283 840 431 186
Detection Probabilities
P1 0.93 0.84 1.00 1.00 0.98 0.94
P2 0.66 0.79 0.94 0.95 0.98 0.98
P12 0.97 0.97 1.00 1.00 1.00 1.00

The probability of a fish passing via a particular route at TDA was influenced by
its horizontal location at the upriver and downriver entrances upon entering the forebay.
During the day and night periods, the proportion of fish detected at the upriver and
downriver entrances passing via the spillway decreased as a fish’s location at the
entrances moved from north to south, while concurrent passage through the powerhouse
turbines and sluiceway increased (Figures 28 and 29). At the upriver and downriver
entrances, during the day, the percent of fish passing via the spillway decreased from 89 to
78% and 90 to 75%, respectively. Sluiceway passage increased from 8 to 16% at the
upriver entrance and 8 to 20% at the downriver entrance, and turbine passage increased
from 2 to 6% at both entrances. At night, spillway passage decreased from 77 to 37% at
the upriver entrance and from 91 to 38% at the downriver entrance; sluiceway passage
increased from 15 to 20% and 9 to 25%, and; turbine passage increased from 8 to 42%
and 9 to 37%.
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Diel differences in passage behavior were also evident for all radio-tagged
subyearling Chinook salmon detected at the dam. At night, proportionately more fish
passed via the turbines and fewer fish passed through the spillway than during the day
(Figure 30). Similar proportions of fish passed through the sluiceway regardless of time
of day. Overall, during the day, 5% of the fish passed the dam via the turbines, 11%
passed via the sluiceway, and 84% passed via the spillway. At night, 28% passed via the

turbines, 13% passed via the sluiceway, and 59% passed through the spillway.
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Figure 28. Distribution of subyearling Chinook salmon passage through the
powerhouse (turbines), sluiceway, and spillway at The Dalles Dam by upriver
entrance passage location, 24 June through 26 July 2003. NS = north shore. BN
= barge north. BS = barge south. SS = south shore. Day and night refer to the
hours from 0530 to 2059 and 2100 to 0529. Sample sizes adjusted for detection
efficiency are shown above bars for each approach location.
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Figure 29. Distribution of subyearling Chinook salmon passage through the
powerhouse (turbines), sluiceway, and spillway at The Dalles Dam by downriver
entrance passage location, 24 June through 26 July 2003. NS = north shore. BN =
barge north. BS = barge south. SS = south shore. Day and night refer to the hours
from 0530 to 2059 and 2100 to 0529. Sample sizes adjusted for detection
efficiency are shown above bars for each approach location.
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Figure 30. Radio-tagged subyearling Chinook salmon passage via the turbines,
sluiceway, and spillway at The Dalles Dam during 40% juvenile spill discharge, 24
June through 26 July 2003. Specific passage percentages for each route are shown on
each bar. Sample sizes adjusted for detection efficiency are in parentheses. Day and
night refer to the hours 0530 to 2059 and 2100 to 0529.

Most radio-tagged fish passing TDA via the turbines did so at the west and middle
thirds of the powerhouse, while most spillway passage occurred at spill bays 1 through 14
on the north end of the spillway (Figure 31). During day and night, fifty-one and 54% of
the fish passed via fish unit 1 through turbine unit 6, 44 and 43% passed through turbines 7
through 14, and 5 and 3% of the fish passed through turbines 15 through 22, respectively.
At the spillway, passage was generally evenly dispersed across spill bays 1 through 14
where most spill occurred. These passage distributions reflect the percent of time
individual turbines and tainter gates were in operation (Appendices O through R) and
differing volumes of water spilled through each tainter gate as prescribed by the juvenile

spill pattern.
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Figure 31. Percent of radio-tagged subyearling Chinook salmon passage via the
powerhouse (main turbine units 22 through 1, fish turbine units 2 and 1, and the
sluiceway) and the spillway (spill bays 23 through 1) during 40% juvenile spill
discharge at The Dalles Dam, 24 June through 26 July 2003. Fish were released
23 km above or at John Day Dam. Day and night refer to the hours 0530 to 2059
and 2100 to 0529. Sample sizes are in (). Turbine units and sluiceway are graphed
from east powerhouse to west powerhouse or upriver to downriver and spill bays
are graphed from south to north.

FPE, SPE, and SLPE Relative to Forebay Approach

Subyearling Chinook salmon FPE and SPE were higher and SLPE was lower for
fish approaching the forebay via more northern than southern routes at the upriver and
downriver entrances (Figures 32 through 37 and Tables 11 and 12). However, these
differences were not always statistically significant (Appendices S and T). At the upriver
entrance, differences among FPEs and SPEs for the four approach locations were
statistically significant at night, but not during the day (chi-square or F-tests, night P <
0.02 and day P > 0.13, df = 3; Appendix S). The day FPEs and SPEs ranged from 94 to
98% and 78 to 89%, whereas at night they ranged from 58 to 92% and 37 to 77% (Table
11). The SLPEs ranged from 8 to 16% during the day and from 15 to 20% at night among
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approach locations, but these differences were not statistically significant (chi-square
tests, both P > 0.09, df = 3).

At the downriver entrance, FPE and SPE was significantly higher for radio-tagged
fish entering the forebay via the more northern than southern routes during the day and the
night (chi-square and F-tests, all P < 0.0001, df = 2; Table 12 and Appendix T).
Differences in SLPE among approach locations were significant during the day, but not
the night (chi-square and F-tests, day P < 0.0001 and night 7 > 0.054, df = 3). During the
day, FPE ranged from 95 to nearly 100% and at night from 58 to 92%. Similarly, SPE
ranged from 75 to 92% during the day and 38 to 91% at night. From southern to northern
approaches, SLPE ranged from 20 to 8% during the day and 25 to 9% at night.
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Figure 32. Diel estimates of radio-tagged subyearling Chinook salmon fish-
passage efficiency at The Dalles Dam by upriver entrance passage location and
seasonal period, summer 2003. NS = north shore. BN = barge north. BS =
barge south. SS = south shore. Day and night refer to the hours from 0530 to
2059 and 2100 to 0529. Actual percentages are shown above bars and sample
sizes adjusted for detection efficiency are shown on the bar.
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Figure 33. Diel estimates of radio-tagged subyearling Chinook salmon spill-
passage efficiency at The Dalles Dam by upriver entrance passage location and
seasonal period, summer 2003. NS = north shore. BN = barge north. BS =
barge south. SS = south shore. Day and night refer to the hours from 0530 to
2059 and 2100 to 0529. Actual percentages are shown above bars and sample

sizes adjusted for detection efficiency are shown on the bar.
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Figure 34. Diel estimates of radio-tagged subyearling Chinook salmon
sluiceway-passage efficiency by upriver entrance passage location and seasonal
period, summer 2003. NS = north shore. BN = barge north. BS = barge south.
SS = south shore. Day and night refer to the hours from 0530 to 2059 and
2100 to 0529. Actual percentages are shown above bars and sample sizes
adjusted for detection efficiency are shown on the bar.
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Figure 35. Diel estimates of radio-tagged subyearling Chinook salmon fish-
passage efficiency at The Dalles Dam by downriver entrance passage location and
seasonal period, summer 2003. NS = north shore. BN = barge north. BS = barge
south. SS = south shore. Day and night refer to the hours from 0530 to 2059 and
2100 to 0529. Actual percentages are shown above bars and sample sizes adjusted
for detection efficiency are shown on the bar.
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Figure 36. Diel estimates of radio-tagged subyearling Chinook salmon spill-
passage efficiency at The Dalles Dam by downriver entrance passage location
and seasonal period, summer 2003. NS = north shore. BN = barge north. BS
= barge south. SS = south shore. Day and night refer to the hours from 0530
to 2059 and 2100 to 0529. Actual percentages are shown above bars and
sample sizes adjusted for detection efficiency are shown on the bar.
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Figure 37. Diel estimates of radio-tagged subyearling Chinook salmon
sluiceway-passage efficiency at The Dalles Dam by downriver entrance passage
location and seasonal period, summer 2003. NS = north shore. BN = barge
north. BS = barge south. SS = south shore. Day and night refer to the hours
from 0530 to 2059 and 2100 to 0529. Actual percentages are shown above bars
and sample sizes adjusted for detection efficiency are shown on the bar.
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Table 11. Diel fish-, spill-, and sluiceway-passage efficiency (FPE, SPE, and SLPE)
estimates (Est) of subyearling Chinook salmon detected at the upriver entrance by
approach location during 40% juvenile spill discharge at The Dalles Dam, 24 June
through 26 July 2003. NS = north shore. BN = barge north. BS = barge south. SS =
south shore. N = sample size adjusted for detection efficiency. CI = 95% profile- (°) or
quasi-likelihood (?) confidence interval. Day and night refer to the hours from 0530 to
2059 and 2100 to 0529.

Passage  Approach Day Night
efficiency  location Est 95% ClI N Est 95% CI N
FPE@E” NS 979 90.8-99.9 141 92.3 81.2-98.0 39
BN 97.4 947-989 719 745 69.0-795 263
BS 942 89.4-973 429 504 51.7-66.8 160
SS 944 90.7-97.0 640 57.7 51.8-634 274
SPE@B” NS 89.4 836-937 141 769 62.2-88.2 39
BN 84.1 81.4-867 719 59.3 53.3-65.1 263
BS 80.2 76.2-838 429 444 36.8-52.1 160
SS 784 751-815 640 372 316-430 274
SLPEP® NS 85  47-139 141 15.4 6.4 - 28.7 39
BN 13.2 109-158 719 152 11.2-199 263
BS 14.0 109-175 429 150 10.0-21.1 160
SS 159 13.2-189 640 204 159-255 274

Table 12. Diel fish-, spill-, and sluiceway-passage efficiency (FPE, SPE, and SLPE)
estimates (Est) of subyearling Chinook salmon detected at the downriver entrance by
approach location during 40% juvenile spill discharge at The Dalles Dam, 24 June through
26 July 2003. NS = north shore. BN = barge north. BS = barge south. SS = south shore.
N = sample size adjusted for detection efficiency. Cl = 95% profile- (°) or quasi-
likelihood (?) confidence interval. Day and night refer to the hours from 0530 to 2059 and
2100 to 0529.

Passage  Approach Day Night
efficiency  location Est 95% CI N Est 95% ClI N
FPEYE” NS 97.7 94.1-994 130 100.0 - 43
BN 99.5 98.7-99.9 604 89.4  85.0-93.0 227
BS 986 97.0-995 361 712  60.8-80.4 80
SS 945 92.2-96.3 473 62.7 56.3-68.8 228
SPEB"@” NS 90.0 84.1-944 130 90.7  79.7-97.0 43
BN 92.0 89.7-940 604 797  742-846 227
BS 85.3 81.4-887 361 475  36.8-58.4 80
SS 746 70.6-784 473 382  32.0-446 228
SLPEB"Q” NS 77 40-131 130 9.3 3.0-20.3 43
BN 75 5.5-9.7 604 9.7 6.3-14.0 227
BS 133  10.1-17.0 361 237 15.3-338 80
SS 19.9 165-23.6 473 246  19.3-304 228
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Overall Project FPE, SPE, and SLPE

The FPE and SPE of radio-tagged subyearling Chinook salmon detected at TDA
were significantly greater during the day than night period, but there was no significant
difference in SLPE (F-tests, P < 0.0001 and P > 0.42, df = 1; Figure 38 and Table 13;
Appendices U through W). Point estimates of FPE during day and night were 95 and
71%, estimates of SPE were 84 and 58%, and estimates of SLPE were 11 and 13% (Table
13). Graphical examination of hourly FPE estimates for summer indicates that turbine
passage was relatively higher (12 to 41%) between 2200 and 0459 hours than between
0500 and 2159 hours (2 to 9%; Figure 39). Overall (day and night pooled), estimates of
FPE, SPE, and SLPE were 89, 77, and 12%, respectively (Table 13).

100
oo WW

L 8o
o
LL 70
60
50 b
100
90
80
L
o 70
n 60
50
40
30
25
W 20
o
1 15
n 10
5
O It
06/24 06/30 07/07 07/13 07/19
Date
—o— Day —e— Night

Figure 38. Daily diel estimates of radio-tagged subyearling Chinook salmon
fish-passage efficiency (FPE), spill-passage efficiency (SPE), and
sluiceway-passage efficiency (SLPE) at The Dalles Dam, 24 June through
26 July 2003. Daily data from 22 June through 26 June was pooled due to
small sample sizes. Efficiency estimates are expressed as a percent. Day
and night refer to the hours 0530 to 2059 and 2100 to 0529. Sample sizes
adjusted for detection efficiency are given in Tables 15 through 17.
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Figure 39. Percentage of subyearling Chinook salmon passing through The
Dalles Dam powerhouse and sluiceway-, spillway-, and fish-passage efficiency
(FPE) by hour, 24 June through 26 July 2003. N =5246.
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Table 13. Diel and overall fish-, spill-, and sluiceway-passage efficiency (FPE,
SPE, and SLPE) estimates of subyearling Chinook salmon detected at The
Dalles Dam during 40% juvenile spill discharge, 24 June through 26 July 2003.
QRCI = quasi-likelihood ratio confidence interval. Asterisks (*) indicate a
significant difference between day and night estimates at the oo = 0.05 level.
Day and night refer to the hours from 0530 to 2059 and 2100 to 0529. N =
sample size adjusted for detection efficiency.

Diel Passage
period efficiency Estimates 95% QRCI N
Day FPE* 95.5 94.5-96.3 3868
SPE* 84.2 82.2-86.0 3868
SLPE 11.3 9.8-12.9 3868
Night FPE 71.0 67.7-74.2 1431
SPE 58.1 53.9-62.3 1431
SLPE 12.9 10.3-15.8 1431
Overall FPE 88.8 85.8-915 5299
SPE 77.1 73.6-80.4 5299
SLPE 11.7 10.4-13.1 5299
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Discussion

This study is part of a series of recent investigations at TDA designed to determine
the feasibility of various surface bypass strategies for enhancing juvenile salmonid non-
turbine passage and fish survival. In 2001 and 2002, these studies focused on the effect of
the sluiceway guidance improvement device which produced mixed benefits between
species and contradictory results between the telemetry and hydroacoustic methods
(Hausmann et al. 2004, Johnson et al. 2003). In 2003, the focal point of these studies
shifted to the potential benefit and location of other surface bypass devices at TDA such as
a forebay guidance curtain (Adams and Rondorf 2001). In particular, the USGS was
asked to determine the horizontal distribution (north to south) of yearling and subyearling
Chinook salmon as they entered the forebay and the effect of entrance location on fish
passage behavior.

Our results suggest that turbine passage would be reduced if yearling and
subyearling Chinook salmon could be directed from the more southern forebay approach
routes to the northern routes that are more distant from the powerhouse. During spring
and summer, turbine entrainment of radio-tagged fish was generally significantly greater
for those fish entering the forebay from the south than for fish entering from the north,
with these differences being greater in magnitude at night than during the day. During the
day, yearling and subyearling Chinook salmon FPE relative to their north and south
horizontal locations at the upriver entrance differed by 9 and 4%, respectively, but at
night they differed by 26 and 34%.

Overall FPE for all radio-tagged fish detected in the forebay indicated greater
turbine entrainment at night than during the day also. At night, 17% more of the yearling
Chinook salmon and 24% more of the subyearling Chinook salmon passed via the turbines
than during the day. In the absence of varying diel dam operations and upriver fish
approach patterns, these differences are most likely due to differences in diel fish
behavior. Similar diel differences in FPE at TDA have been noted in past radio-telemetry
and hydroacoustic passage studies, but have generally been discussed in terms of
increased spill effectiveness during the day (Beeman et al. 2004; Moursund et al. 2001;
Ploskey et al. 2001). With respect to the differences in turbine entrainment relative to fish

approach noted above, especially at night, these diel differences are perhaps better
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discussed in terms of turbine entrainment and fish approach. At night, our results suggest
yearling and subyearling Chinook salmon are exhibiting behavior that increases turbine
entrainment of fish approaching the dam from the more southern routes. During the day, a
different behavior is exhibited and fish approaching from the more southern routes are less
likely to become entrained than at night. Overall, the net effect is that proportionately
fewer fish pass through the spillway at night, decreasing FPE and spill effectiveness,
while during the day FPE and spill effectiveness is increased. We speculate that the diel
differences in passage routes shown in Figures 19 and 39 with distinct changes in passage
behavior at dusk and dawn may be due to a greater tendency of fish to avoid sounding
deeper in the water column and passing with the bulk flow during the day, or diel changes
in fish depth that increase the probability of turbine entrainment at night.

Time of arrival of tagged fish at TDA was influenced by release times, passage
conditions at JDA, and individual travel times of fish between JDA and TDA. The day
and night behaviors observed during this study would be expected to be similar to that of
run-of-the-river migrants during the same diel periods. Overall statistics (day and night
pooled), however, could potentially differ to some degree if the diel distribution of the
time of arrival of run-of-the-river fish at TDA differed from the fish in this study. Radio-
tagged fish were nearly uniformly dispersed over the diel period with most fish arriving
during the day due to the relatively longer daylight period. Studies at JDA indicate that
during 12-h 0% day spill and 12-h 60% night spill, as recommended by the 1995
Biological Opinion, yearling Chinook salmon and steelhead arriving during the day tend
to delay passage until night spill; whereas, subyearling Chinook salmon delay longer
during the day but are more likely to pass during the same dam operations that they
arrived (Beeman et al. 2003, Hansel et al. 2004). In both cases, most run-of-the-river fish
passing JDA would be expected to arrive at TDA during the day, as was the case for
radio-tagged fish during this study. Hence, the overall estimates presented here for radio-
tagged fish probably represent run-of-the-river Chinook salmon as well.

In summary, studies of FPE, with no account of the effect of upriver approach to
the dam, have potentially masked the relatively high turbine entrainment of juvenile
Chinook salmon entering the dam from the southern most area of the river. Our results
suggest that yearling and subyearling Chinook salmon FPE could be increased if these fish
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were guided to a more northerly approach location. The amount of increase in overall
FPE would be dependent on the percentage of fish guided and the diel distribution of the
time of arrival of run-of-the-river fish. Based on the results of this and other studies, fish

approaching at night would benefit most.
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Appendix A. Release date, release time (hours), sample size (), mean, standard
deviation (SD), and range of fork lengths (mm) and weights (g) of yearling Chinook

salmon released into Rock Creek above John Day Dam during spring 2003.

Release Release Fork Lengths (mm) Weights (g)
date time N  Mean SD Range Mean SD Range

27 April 2100 31 160 108  138-182 38.4 7.7 27.1- 585
28 April 0900 33 160 116 134-197 39.6 96 227- 716
29 April 2100 26 167 83 152-184 43.8 7.3 323- 564
30 April 0900 34 162 121 137-191 42.7 114  253- 825
01 May 2100 33 163 12.7  139-194 42,6 93 281- 663
02 May 0900 27 160 140  130-190 40.2 109  21.4- 685
03 May 2100 32 159 136 140-190 41.4 103  26.2- 657
04 May 0900 34 158 119  136-181 39.5 81 264- 573
05 May 2100 35 152 17.0  125-200 36.3 131  188- 814
06 May 0900 30 159 15.4  138-200 40.4 134  250- 856
07 May 2100 35 153 165  127-195 36.6 129  225- 736
08 May 0900 37 159 17.7  130-190 34.2 15.8 43- 679
09 May 2100 33 153 16.1  130-189 37.0 113  21.8- 657
10 May 0900 34 157 15.6  134-190 38.9 124  235- 721
11 May 2100 37 153 184 122 -206 36.1 138  18.1- 80.1
12 May 0900 35 151 162 124-185 33.6 112  182- 61.6
13 May 2100 38 155 205  132-197 37.2 156  21.7- 72.8
14 May 0900 37 158 187  126-191 37.8 138  18.3- 65.2
15 May 2100 34 152 16.2  131-200 35.2 130 21.6- 811
16 May 0900 33 157 16.9  126-190 37.4 121 20.0- 64.3
17 May 2100 35 153 212 122-210 34.4 157  18.3- 88.3
18 May 0900 35 156 19.9  131-205 36.9 153  21.3- 79.4
19 May 2100 37 157 17.8  132-203 38.5 146  18.1- 822
20 May 0900 38 155 188  132-210 375 172 19.3- 999
21 May 2100 37 153 15.1  132-200 32.7 106  20.8- 723
22 May 0900 37 152 165  132-195 33.9 124 202- 70.9
23 May 2100 37 152 150  131-193 34.3 119  206- 722
24 May 0900 38 148 15.4  130-191 30.8 100  19.4- 645
25 May 2100 36 160 221 130-220 40.7 210  19.9-118.0
26 May 0900 38 152 12.8  134-185 32.4 88 215- 536
27 May 2100 38 150 17.1  129-205 325 140  21.3- 8438
28 May 0900 37 156 209  132-220 375 202 19.5-1137
29 May 2100 35 152 17.7  131-213 34.6 162  22.1- 955
30 May 0900 36 150 15.7  128-205 31.8 124 20.8- 824
31 May 2100 35 151 205  128-217 35.2 18.2  19.5-100.6
01 June 0900 34 151 16.8  134-214 33.4 156  195- 946
02 June 2100 36 150 129 130-199 324 92 212- 728
03 June 0900 34 153 146  133-195 34.6 106  22.1- 69.9
04 June 2100 34 151 115  128-185 320 80 19.6- 56.0
05 June 0900 34 154 146 138-209 34.4 10.8  239- 838
Overall: 1389 155 16.6 122 -220 36.3 13.4 43-118.0
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Appendix B. Release date, release time (hours), sample size (), mean, standard deviation
(SD), and range of fork lengths (mm) and weights (g) of yearling Chinook salmon released
at John Day Dam during spring 2003.

Release Release Fork Lengths (mm) Weights (g)
date time N Mean SD Range Mean SD Range

28 April 2300 76 161 102 140 - 190 39.4 8.1 203 63.2
29 April 1100 26 162 112 145 - 189 40.7 9.0 29.4 63.4
29 April 2300 76 162 147 134 - 230 427 142 242 130.3
30 April 2300 08 158 146 121 - 197 39.4 108 185 713
01 May 1100 50 159 114 128 - 194 39.2 85 20.8 735
01 May 2300 76 158 133 127 - 183 39.2 96 20.1 61.4
02 May 2300 78 161 129 116 - 195 44.2 9.9 282 82.0
03 May 1100 22 161 116 138 - 183 38.8 8.1 262 57.7
03 May 2300 79 156 151 129 - 190 39.4 119 227 80.0
04 May 2300 103 153 156 125 - 200 367 114 180 80.7
05 May 1100 48 156 145 126 - 196 374 106 19.0 70.0
05 May 2300 74 154 165 123 - 205 369 128 180 89.2
06 May 2300 101 153 147 128 - 187 361 107 195 67.2
07 May 1100 51 153 154 132 - 193 365 116 228 69.9
07 May 2300 79 148 160 124 - 193 328 114 180 69.1
08 May 2300 79 154 190 114 - 200 374 136 20.1 78.0
09 May 1100 27 155 181 125 - 188 380 135 19.0 65.0
09 May 2300 79 155 163 130 - 198 375 123 207 76.0
10 May 2300 104 156 172 129 - 200 380 130 203 775
11 May 1100 49 157 180 130 - 200 301 137 211 76.8
11 May 2300 79 148 16.0 120 - 190 329 112 181 67.1
12 May 2300 80 152 16,6 122 - 190 355 121 189 74.4
13 May 1100 27 152 210 129 - 216 370 199 216 113.7
13 May 2300 77 154 158 130 - 192 347 119 195 725
14 May 2300 80 148 155 122 - 191 318 11.3 188 68.7
15 May 1100 24 152 163 131 - 206 336 134 207 83.8
15 May 2300 77 151 161 124 - 190 345 107 184 62.8
16 May 2300 99 151 130 130 - 190 34.1 9.2 184 73.1
17 May 1100 51 153 155 130 - 190 342 110 200 61.0
17 May 2300 78 152  18.2 127 - 207 342 142 189 96.9
18 May 2300 79 151 167 126 - 197 349 131 189 80.6
19 May 1100 27 155 189 135 - 210 359 159 221 93.5
19 May 2300 78 147 174 125 - 210 314 147 180 102.2
20 May 2300 100 149 186 125 - 212 326 155 181 113.9
21 May 1100 51 148 146 127 - 190 310 105 193 64.9
21 May 2300 80 146 135 126 - 190 304 101 194 76.4
22 May 2300 77 149 174 122 - 205 338 144 186 91.7
23 May 1100 28 147 144 127 - 192 303 105 19.0 69.4
23 May 2300 80 148 140 129 - 199 29.7 9.7 188 70.3
24 May 2300 103 149 145 130 - 210 316 109 193 88.6
25 May 1100 51 147 131 127 - 188 316 9.7 187 69.0
25 May 2300 80 146 104 130 - 182 29.5 74 187 57.2
26 May 2300 105 151 167 122 - 213 333 13.0 194 97.0
27 May 1100 51 148 177 125 - 214 313 137 186 95.4
27 May 2300 78 156  21.3 130 - 213 360 17.7 197 91.2
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Appendix B. Continued.

Release Release Fork lengths (mm) Weights (q)
date time N Mean SD Range Mean SD Range

28 May 2300 78 148 127 131 - 196 208 93 181 - 739
29 May 1100 26 150 145 126 - 188 321 88 182 - 517
29 May 2300 78 147 124 126 - 180 301 83 200 - 568
30 May 2300 105 154 193 125 - 209 355 155 187 - 828
31 May 1100 48 160 232 131 - 220 406 203 193 - 1010
31 May 2300 77 153 173 125 - 203 352 136 190 - 847
01 May 2300 78 150 175 122 - 205 334 138 182 - 848
02 May 1100 27 148 95 135 - 179 315 67 229 - 543
02 May 2300 80 151 155 133 - 217 337 129 220 - 1038
03 May 1100 49 150 164 128 - 198 330 132 192 - 782
03 May 2300 104 154 160 129 - 213 337 122 209 - 866
04 May 1100 51 152 125 130 - 198 329 106 198 - 796
04 May 2300 79 148 116 126 - 200 318 84 211 - 805
05 May 2300 78 154 187 125 - 224 378 167 198 - 1204
06 May 1100 26 157 207 128 - 206 388 168 196 - 847
06 May 2300 80 149 154 121 - 213 328 12.0 182 - 936
Overall: 4179 152 163 114 - 230 349 127 18.0 - 1300
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Appendix C. Yearling Chinook salmon powerhouse (PH), sluiceway (SLU), and spillway
(SP) passage counts by date and diel period during 40% spill discharge at The Dalles Dam,
spring 2003. Counts not adjusted for detection probabilities.

Date Diel PH SLU SP
29 April Day 1 4 19
30 April Day 6 8 61
01 May Day 9 9 52
02 May Day 3 18 71
03 May Day 2 10 19
04 May Day 6 11 66
05 May Day 4 21 40
06 May Day 17 17 68
07 May Day 4 18 72
08 May Day 7 19 66
09 May Day 3 18 55
10 May Day 3 25 65
11 May Day 0 7 38
12 May Day 6 17 75
13 May Day 2 16 61
14 May Day 11 19 62
15 May Day 7 17 60
16 May Day 5 20 41
17 May Day 9 22 59
18 May Day 7 21 65
19 May Day 11 11 49
20 May Day 4 12 62
21 May Day 5 11 49
22 May Day 12 17 68
23 May Day 6 16 76
24 May Day 10 13 49
25 May Day 6 16 89
26 May Day 0 14 74
27 May Day 5 18 97
28 May Day 9 9 70
29 May Day 6 17 88
30 May Day 5 13 53
31 May Day 18 28 90
01 June Day 7 16 59
02 June Day 6 13 89
03 June Day 6 6 68
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Appendix C. Continued.

Date Diel PH SLU SP
04 June Day 6 17 105
05 June Day 9 16 52
06 June Day 12 24 87
07 June Day 10 21 45
29 April Night 3 0 5
30 April Night 13 8 25
01 May Night 12 5 32
02 May Night 8 7 21
03 May Night 8 5 21
04 May Night 2 32
05 May Night 16 9 26
06 May Night 7 5 19
07 May Night 9 1 24
08 May Night 6 13 21
09 May Night 9 2 20
10 May Night 9 5 14
11 May Night 3 7 25
12 May Night 11 12 33
13 May Night 3 8 23
14 May Night 4 7 18
15 May Night 7 6 15
16 May Night 9 8 20
17 May Night 3 8 15
18 May Night 9 7 23
19 May Night 6 2 8
20 May Night 4 5 20
21 May Night 2 4 11
22 May Night 5 6 24
23 May Night 1 3 6
24 May Night 8 1 17
25 May Night 3 3 7
26 May Night 10 6 25
27 May Night 6 2 12
28 May Night 14 3 24
29 May Night 5 1 22
30 May Night 3 2 11
31 May Night 9 2 16
01 June Night 5 1 13
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Appendix C. Continued.

Date Diel PH SLU SP
02 June Night 7 2 14
03 June Night 13 3 24
04 June Night 14 5 36
05 June Night 6 1 13
06 June Night 3 2 8
07 June Night 3 2 7
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Appendix D. Percentage of time main turbine units 1 through 16 (T1-T16) were in
operation during 40% Day spill at The Dalles Dam, spring 2003. Darker shading
indicates greater percentage. Day refers to 0530 to 2059 hours. Blank rows indicate no
data were available for that date. No data were available for turbine units 17 through 22.
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Appendix E. Percentage of time main turbine units 1 through 16 (T1-T16) were in
operation during 40% Night spill at The Dalles Dam, spring 2003. Darker shading
indicates greater percentage. Night refers to 2100 to 0529 hours. Blank rows
indicate no data were available for that date. No data were available for turbine
units 17 through 22.
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Appendix F. Percentage of time spill bays 1 through 16 (S1-S15) were in operation during
40% day spill at The Dalles Dam, spring 2003. There was no spill discharge at spill bays
16-23. Darker shading indicates greater percentage. Day refers to 0530 to 2059 hours.
Blank rows indicate no data were available for that date.

Date S1 S2 S3 S4 S5 S6 S7 S8 S9 | S10 | S11 | S12 | S13 | S14 | S15
29-Apr 00 00 00 00 00 00 00 00 00 00 00 00 00 00 60
30-Apr 00 00 00 00 00 00 00 00 00 00 00 00 00 00 60

1-May

2-May [ 00 00 00 00 00 00 00 00 00 00 00 00 00 30
3-May s 00 00 00 00 00 00 00 00 00 00 00 00 00 6
4-May ey 00 00 00 00 00 00 00 00 00 00 00 00 00 0

5-May i 00 00 00 00 00 00 00 00 00 00 00 00 00 19
6-May [ 00 00 00 00 00 00 00 00 00 00 00 00 00 56
7-May 00 00 00 00 00 00 00 00 00 00 00 00 00 38
8-May 00 00 00 00 00 00 00 00 00 00 00 00 00 38
9-May RN 00 00 00 00 00 00 00 00 00 00 00 00 00 8
10-May [Ioe 00 00 00 00 00 00 00 00 00 00 00 00 00
11-May i 00 00 00 00 00 00 00 00 00 00 00 00 88 0
12-May e 00 00 00 00 00 00 00 00 00 00 00 00 00 0
13-May |gies 00 00 00 00 00 00 00 00 00 00 00 00 00 19
14-May [miee 00 00 00 00 00 00 00 00 00 00 00 00 00 00
15-May i 00 00 00 00 00 00 00 00 00 00 00 00 8 50
16-May il 00 00 00 00 00 00 00 00 00 00 00 00 00 38
17-May e 00 00 00 00 00 00 00 00 00 00 00 00 00 56
18-May [EIes 00 00 00 00 00 00 00 00 00 00 00 00 00
19-May |mmiefe 00 00 00 00 00 00 00 00 00 00 00 00 00 69
20-May [uee 00 00 00 00 00 00 00 o 50| 50| 50| 50| 50 0

21-May 00 00 00 00 00 00 50| 50| 50 50| 50| 50| 50| 44 13

22-May ey 00 00 00 00 g 38| 38| 38| 38| 38| 38| 38| 38 25

23-May JEOOIBTORIETCRIEUORIECORIBTN 44 | 44 | 44| 44| 44| 44| 44| 44| 25

24-May iy 00 00 00 00 U@ 38| 38| 38| 38| 38| 38| 38| 38 31

25-May 00 00 00 00 00 00 00 00 00 00 00 44 44 44 6

26-May
27-May
28-May
29-May
30-May
31-May

1-Jun

44 | 44| 44 44

44| 44| 44| 44

38| 38| 38 38

0 50| 50| 50| 50
100 | 100 100 100 100 | 100 100 ECRIEENEEE
100 1200 100 100 100 | 100 100 BEELREENIER
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Appendix G. Percentage of time spill bays 1 through 16 (S1-S15) were in operation during
40% night spill at The Dalles Dam, spring 2003. There was no spill discharge at spill bays
16-23. Darker shading indicates greater percentage. Night refers to 2100 to 0529 hours.
Blank rows indicate no data were available for that date.

513 | S14 | s15 |

100

100
100
100
100
100

100 | 100
100 | 100

100 | 100

100 | 100

100 | 100

100 | 100 100 |

100 | 100 100 | 100 100
100 | 100 100 | 100 100
100 | 100 100 | 100 100 |

100 | 100 100 | 100 [P

100 | 100 100 | 100 JEE
100 | 100 100 [EVRIEE
100 | 100 100 | 100

100 100 100 100 RN
100 | 100 100 | 100 100
100 | 100 100 | 100 [ER
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Appendix H. Results of tests of overall diel location effects at the upriver entrance on fish-,
spill-, and sluiceway-passage efficiency (FPE, SPE, and SLPE) and log-ratio comparisons of
FPE, SPE, and SLPE between groups of yearling Chinook salmon located at each of the
upriver entrance areas above The Dalles Dam, 16 May through 07 June 2003. NS = north
shore. BN = barge north. BS = barge south. SS = south shore. The overall location effect
was adjusted for 3 seasonal periods (see Figures 15 through 17). P-values are based either on
the binomial-likelihood chi-square test (%) or the quasi-likelihood F-test (). Asterisks (*)
indicate a significant effect or difference.

Passage Day Night
efficiency Test P-value P-value
FPE HO: No location effect 0.0013 °* <0.0001 °*
(adjusted for 3 seasonal time
periods)
NS/BN vs. BS 0.0407* <0.0001*
NS/BN vs. SS 0.0003* <0.0001*
BS vs. SS 0.2195 0.4011
SPE HO: No location effect <0.0001°* <0.0001 B*
(adjusted for 3 seasonal time
periods)
NS vs. SS 0.0013* <0.0001*
BN vs. SS <0.0001* <0.0001*
BS vs. SS 0.0113* 0.6329
SLPE HO: No location effect <0.0001 ®* 0.0160 ®*
(adjusted for 3 seasonal time
periods)
NS vs. SS <0.0001* 0.0798
BN vs. SS 0.0285* 0.0051*
BS vs. SS 0.0496* 0.6350

Test for overdispersion HO: Variance component for time period = 0

Day Night
Deviance df P Deviance df P
FPE 8.616 6 0.1963 3.1726 6 0.7869
SPE 10.9596 6 0.0896 5.6349 6 0.4653
SLPE 5.576 6 0.4726 7.1230 6 0.3096

Residual analysis summary
Deviance residuals for the day and night analyses of FPE, SPE, and SLPE showed no
problems such as obvious outliers, heterogeneity of variation, or strong skew.




Appendix I. Diel estimates of yearling Chinook salmon fish-passage efficiency (FPE) during 40%
spill discharge by date and logistic regression results comparing diel periods, 29 April through 07
June 2003. QRCI = quasi-likelihood confidence interval. N = sample size adjusted for detection
efficiency.

Day Night Observed

DATE FPE N Odds FPE N Odds odds ratio
29 Apr 95.8 24 22.810 62.5 8 1.667 0.073
30 Apr 92.0 75 11.500 70.2 47 2.356 0.205
01 May 87.1 70 6.752 74.0 50 2.846 0.422
02 May 96.7 92 29.303 75.7 37 3.115 0.106
03 May 935 31 14.385 74.3 35 2.891 0.201
04 May 92.8 83 12.889 81.0 42 4.263 0.331
05 May 93.8 65 15.129 67.3 52 2.058 0.136
06 May 83.3 102 4.988 75.0 32 3.000 0.601
07 May 95.7 94 22.256 714 35 2.497 0.112
08 May 924 92 12.158 82.9 41 4.848 0.399
09 May 96.1 76 24.641 68.8 32 2.205 0.089
10 May 96.8 93 30.250 65.5 29 1.899 0.063
11 May 100.0 45 - 91.4 35 10.628 <1.000
12 May 93.9 98 15.393 78.9 57 3.739 0.243
13 May 975 79 39.000 91.2 34 10.364 0.266
14 May 88.0 92 7.333 86.2 29 6.246 0.852
15 May 91.7 84 11.048 72.4 29 2.623 0.237
16 May 92.4 66 12.158 73.7 38 2.802 0.230
17 May 90.0 90 9.000 88.5 26 7.696 0.855
18 May 925 93 12.333 75.0 40 3.000 0.243
19 May 84.5 71 5.452 58.8 17 1.427 0.262
20 May 94.9 78 18.608 86.2 29 6.246 0.336
21 May 92.3 65 11.987 88.2 17 7.475 0.624
22 May 87.6 97 7.065 85.7 35 5.993 0.848
23 May 93.9 98 15.393 90.0 10 9.000 0.585
24 May 86.1 72 6.194 66.7 27 2.003 0.323
25 May 94.6 111 17.519 76.9 13 3.329 0.190
26 May 100.0 88 - 73.8 42 2.817 <1.000
27 May 95.8 120 22.810 66.7 21 2.003 0.088
28 May 89.8 88 8.804 64.3 42 1.801 0.205
29 May 94.6 111 17.519 82.1 28 4.587 0.262
30 May 93.0 71 13.286 81.3 16 4.348 0.327
31 May 86.8 136 6.576 64.3 28 1.801 0.274
01 Jun 915 82 10.765 73.7 19 2.802 0.260
02 Jun 94.4 108 16.857 66.7 24 2.003 0.119
03 Jun 925 80 12.333 65.9 41 1.933 0.157
04 Jun 95.3 128 20.277 73.2 56 2.731 0.135
05 Jun 88.3 77 7.547 66.7 21 2.003 0.265
06 Jun 90.2 123 9.204 76.9 13 3.329 0.362
07 Jun 86.8 76 6.576 75.0 12 3.000 0.456

Overall odds ratio adjusted for date (95% QRCI) 0.241 (0.193 - 0.300)

Test HO: odds ratio = 1 (no diel effect, F-test, P < 0.0001)

Test for overdispersion HO: Variance component for date = 0, Deviance = 125.183, df = 78, P = 0.0006.
Residual analysis summary: Deviance residuals showed problems such as obvious outliers, heterogeneity of
variation or strong skew.




Appendix J. Diel estimates of yearling Chinook salmon spill-passage efficiency (SPE) during 40% Spill
discharge by date and logistic regression results comparing diel periods, 29 April through 07 June 2003.
QRCI = quasi-likelihood ratio confidence interval. N = sample size adjusted for detection efficiency.

Day Night Observed odds

Date SPE N Odds SPE N Odds ratio
29 Apr 79.2 24 3.808 62.5 8 1.667 0.438
30 Apr 81.3 75 4.348 53.2 47 1.137 0.261
01 May 74.3 70 2.891 64.0 50 1.778 0.615
02 May 77.2 92 3.386 56.8 37 1.315 0.388
03 May 61.3 31 1.584 60.0 35 1.500 0.947
04 May 79.5 83 3.878 76.2 42 3.202 0.826
05 May 61.5 65 1.597 50.0 52 1.000 0.626
06 May 66.7 102 2.003 59.4 32 1.463 0.730
07 May 76.6 94 3.274 68.6 35 2.185 0.667
08 May 71.7 92 2.534 51.2 41 1.049 0.414
09 May 72.4 76 2.623 62.5 32 1.667 0.635
10 May 69.9 93 2.322 48.3 29 0.934 0.402
11 May 84.4 45 5.385 71.4 35 2.497 0.464
12 May 76.5 98 3.255 57.9 57 1.375 0.422
13 May 77.2 79 3.386 67.6 34 2.086 0.616
14 May 67.4 92 2.067 62.1 29 1.639 0.793
15 May 71.4 84 2.497 51.7 29 1.070 0.429
16 May 62.1 66 1.639 52.6 38 1.110 0.677
17 May 65.6 90 1.907 57.7 26 1.364 0.715
18 May 69.9 93 2.322 57.5 40 1.353 0.583
19 May 69.0 71 2.226 47.1 17 0.890 0.400
20 May 79.5 78 3.878 69.0 29 2.226 0.574
21 May 75.4 65 3.065 64.7 17 1.833 0.598
22 May 70.1 97 2.344 68.6 35 2.185 0.932
23 May 77.6 98 3.464 60.0 10 1.500 0.433
24 May 68.1 72 2.135 63.0 27 1.703 0.798
25 May 80.2 111 4.051 53.8 13 1.165 0.287
26 May 84.1 88 5.289 59.5 42 1.469 0.278
27 May 80.8 120 4.208 57.1 21 1.331 0.316
28 May 79.5 88 3.878 57.1 42 1.331 0.343
29 May 79.3 111 3.831 78.6 28 3.673 0.959
30 May 74.6 71 2.937 68.8 16 2.205 0.751
31 May 66.2 136 1.959 57.1 28 1.331 0.680
01 Jun 72.0 82 2.571 68.4 19 2.165 0.842
02 Jun 82.4 108 4.682 58.3 24 1.398 0.299
03 Jun 85.0 80 5.667 58.5 41 1.410 0.249
04 Jun 82.0 128 4.556 64.3 56 1.801 0.395
05 Jun 67.5 77 2.077 61.9 21 1.625 0.782
06 Jun 70.7 123 2.413 61.5 13 1.597 0.662
07 Jun 59.2 76 1.451 58.3 12 1.398 0.964

Overall odds ratio adjusted for date (95% QRCI) 0.531 (0.460 - 0.612)

Test HO: odds ratio = 1 (no diel effect, F-test, P < 0.0001)

Test for overdispersion HO: Variance component for date = 0, Deviance = 105.128, df = 78, P = 0.022.

Residual analysis summary: Deviance residuals showed no problems such as obvious outliers, heterogeneity
of variation, or strong skew.
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Appendix K. Diel estimates of yearling Chinook salmon sluiceway-passage efficiency (SLPE) during 40%
spill discharge by date and logistic regression results comparing diel periods at The Dalles Dam, spring
2003. QRCI = quasi-likelihood ratio confidence interval. N = sample size adjusted for detection efficiency.

Day Night Observed
Date SLPE N Odds SLPE N Odds odds ratio
29 Apr 16.7 24 0.200 0.0 8 0.000 0.000
30 Apr 10.7 75 0.120 17.0 47 0.205 1.709
01 May 12.9 70 0.148 10.0 50 0.111 0.750
02 May 19.6 92 0.244 18.9 37 0.233 0.956
03 May 32.3 31 0.477 14.3 35 0.167 0.350
04 May 13.3 83 0.153 4.8 42 0.050 0.329
05 May 32.3 65 0.477 17.3 52 0.209 0.438
06 May 16.7 102 0.200 15.6 32 0.185 0.922
07 May 19.1 94 0.236 2.9 35 0.030 0.127
08 May 20.7 92 0.261 317 41 0.464 1.778
09 May 23.7 76 0.311 6.3 32 0.067 0.216
10 May 26.9 93 0.368 17.2 29 0.208 0.564
11 May 15.6 45 0.185 20.0 35 0.250 1.353
12 May 17.3 98 0.209 21.1 57 0.267 1.278
13 May 20.3 79 0.255 235 34 0.307 1.206
14 May 20.7 92 0.261 24.1 29 0.318 1.216
15 May 20.2 84 0.253 20.7 29 0.261 1.031
16 May 30.3 66 0.435 21.1 38 0.267 0.615
17 May 24.4 90 0.323 30.8 26 0.445 1.379
18 May 22.6 93 0.292 175 40 0.212 0.726
19 May 15.5 71 0.183 11.8 17 0.134 0.729
20 May 15.4 78 0.182 17.2 29 0.208 1.141
21 May 16.9 65 0.203 23.5 17 0.307 1.511
22 May 17.5 97 0.212 17.1 35 0.206 0.972
23 May 16.3 98 0.195 30.0 10 0.429 2.201
24 May 18.1 72 0.221 3.7 27 0.038 0.174
25 May 14.4 111 0.168 23.1 13 0.300 1.786
26 May 15.9 88 0.189 14.3 42 0.167 0.883
27 May 15.0 120 0.176 9.5 21 0.105 0.595
28 May 10.2 88 0.114 7.1 42 0.076 0.673
29 May 15.3 111 0.181 3.6 28 0.037 0.207
30 May 18.3 71 0.224 12.5 16 0.143 0.638
31 May 20.6 136 0.259 7.1 28 0.076 0.295
01 Jun 19.5 82 0.242 5.3 19 0.056 0.231
02 Jun 12.0 108 0.136 8.3 24 0.091 0.664
03 Jun 7.5 80 0.081 7.3 41 0.079 0.971
04 Jun 13.3 128 0.153 8.9 56 0.098 0.637
05 Jun 20.8 77 0.263 4.8 21 0.050 0.192
06 Jun 19.5 123 0.242 15.4 13 0.182 0.751
07 Jun 27.6 76 0.381 16.7 12 0.200 0.526
Overall odds ratio adjusted for date (95% QRCI) 0.752 (0.616 - 1.094)

Test HO: odds ratio = 1 (no diel effect, F-test, P < 0.007)

Test for overdispersion HO: Variance component for date = 0, Deviance = 120.576, df = 78, P = 0.0014.

Residual analysis summary: Deviance residuals showed no problems such as obvious outliers, heterogeneity
of variation, or strong skew.
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Appendix L. Release date, release time (hours), sample size (N), mean, standard
deviation (SD), and range of fork lengths (mm) and weights (g) of subyearling Chinook
salmon released into Rock Creek above John Day Dam during summer 2003.

Release Release Fork Lengths (mm) Weights (g)
date time N Mean SD Range Mean SD Range

22 June 0900 59 114 3.0 110-124 15.2 15 13.1-20.0
22 June 2100 71 114 4.1 110-127 15.5 2.2 11.8-23.0
23 June 0900 65 115 4.8 110- 141 15.8 2.8 13.3-315
23 June 2100 66 115 5.1 110-134 15.6 2.5 12.9-24.0
24 June 0900 75 115 3.3 110-124 15.0 14 12.1-21.0
24 June 2100 67 115 3.8 110 - 127 15.2 1.9 13.0-21.4
25 June 0900 72 115 3.6 110-128 15.6 1.8 131-22.4
25 June 2100 67 114 2.7 111-122 14.3 1.2 13.0-17.9
26 June 0900 72 115 3.3 111-126 15.3 1.8 126-21.1
26 June 2100 70 115 4.0 110-132 15.5 1.8 13.0-23.8
27 June 0900 72 115 3.1 110- 126 15.6 14 13.2-19.9
27 June 2100 70 114 2.5 110-122 14.7 1.2 129-19.1
28 June 0900 73 115 3.2 110 - 125 15.4 1.7 13.0-21.7
28 June 2100 70 115 3.9 110-137 14.6 2.1 13.0-27.0
29 June 0900 75 114 2.6 110-122 15.0 14 13.0-18.2
29 June 2100 72 115 4.1 110-132 15.7 2.2 13.2-25.2
30 June 0900 69 115 4.1 110-129 14.7 2.0 13.0-24.8
30 June 2100 69 114 2.9 110- 122 15.5 1.6 12.9-20.2
01 July 0900 68 115 3.6 110-128 15.1 2.0 13.0-22.4
01 July 2100 70 115 4.0 110- 130 16.3 2.4 13.1-25.0
02 July 0900 73 115 3.8 110- 127 15.6 2.6 13.0-25.9
02 July 2100 67 115 4.3 110- 135 15.0 2.3 13.0-26.1
03 July 0900 62 115 5.3 110-131 16.2 3.1 13.1-25.8
03 July 2100 71 117 4.9 110-139 16.1 2.9 13.1-30.8
04 July 0900 72 115 4.5 109 - 130 16.5 2.3 13.3-24.5
04 July 2100 76 117 4.5 110-133 15.7 2.1 13.2-24.4
05 July 0900 75 115 4.6 110-127 16.5 2.4 13.2-22.8
05 July 2100 73 115 4.0 110-129 15.8 1.9 13.1-23.3
06 July 0900 74 116 4.9 110- 139 15.4 2.3 13.0-24.8
06 July 2100 76 117 5.1 110-138 16.8 2.7 13.1-27.4
07 July 0900 73 117 5.2 110 - 140 16.1 2.6 13.1-26.8
07 July 2100 76 116 5.4 110-133 16.6 2.7 13.2-25.2
08 July 0900 75 117 4.5 110-132 15.8 2.1 13.1-21.7
08 July 2100 74 114 4.9 110-134 16.6 2.6 13.3-26.6
09 July 0900 75 117 5.0 110-134 17.1 2.7 13.7-25.1
09 July 2100 76 114 4.5 110-137 16.2 2.3 13.1-275
10 July 0900 74 116 4.9 110-133 16.8 2.7 13.4-26.2
10 July 2100 69 116 6.5 110 - 145 17.1 3.3 13.3-34.1
11 July 0900 72 115 4.6 110-129 16.4 2.3 131-22.2
11 July 2100 75 116 6.1 110 - 142 16.0 2.7 13.2-24.8
12 July 0900 76 115 5.3 109 - 132 16.8 2.6 13.2-26.9
12 July 2100 76 120 9.1 110 - 145 17.4 4.1 13.0-29.9
13 July 0900 75 121 9.1 111 - 145 19.0 4.2 14.0 - 30.7
13 July 2100 75 120 7.9 110 - 147 17.3 3.6 13.0-32.3
14 July 0900 76 122 9.3 110 - 147 19.0 4.3 13.7-31.8
14 July 2100 75 120 9.0 110- 153 19.0 4.5 13.6 -37.0
15 July 0900 76 121 8.4 111 - 150 17.7 3.9 13.4-34.0
15 July 2100 76 118 7.3 110 - 145 17.9 3.8 13.2-32.4
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Appendix L. Continued.

Release Release Fork Lengths (mm) Weights (g)
date time N Mean SD Range Mean SD Range
16 July 0900 126 120 10.2 110-152 18.9 4.9 14.0-37.2
16 July 2100 75 119 8.8 110-152 18.5 4.3 13.7-35.9
17 July 0900 73 119 8.8 110-150 17.8 4.1 13.0-37.1
17 July 2100 99 121 8.6 110-151 19.7 4.3 14.0-38.9
18 July 0900 73 122 9.3 110-145 19.3 4.2 13.9-35.0
18 July 2100 74 119 7.1 111-148 18.9 4.0 13.5-37.1
19 July 0900 74 117 6.8 110-148 17.1 3.2 13.3-32.9
19 July 2100 73 117 7.7 110-150 18.3 3.8 13.7-36.4
Overall: 4122 117 6.3 109-153 16.6 3.2 11.8-38.9
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Appendix M. Release date, release time (hours), sample size (N), mean, standard deviation (SD), and
range of fork lengths (mm) and weights (g) of subyearling Chinook salmon released at John Day

Dam, summer 2003. N = sample size.

Release  Release Fork length (mm) Weight (g)
date time N Mean SD Range Mean SD Range

23 June 1100 51 114 3.2 110 - 126 152 14 133 - 20.1
23 June 2300 45 116 2.7 112 - 122 148 13 132 - 188
24 June 1100 49 113 2.7 110 - 124 149 12 130 - 189
24 June 2300 55 116 3.2 112 - 128 145 15 130 - 215
25 June 1100 50 113 34 110 - 122 154 15 133 - 196
25 June 2300 49 115 24 112 - 121 143 12 130 - 195
26 June 1100 51 113 35 110 - 122 153 16 130 - 193
26 June 2300 50 114 36 110 - 129 148 18 13.0 - 225
27 June 1100 51 116 28 111 - 127 144 15 130 - 220
27 June 2300 52 114 44 110 - 139 154 26 13.0 - 307
28 June 1100 50 115 29 112 - 128 143 13 130 - 183
28 June 2300 48 113 28 110 - 121 149 16 130 - 221
29 June 1100 51 115 3.2 111 - 128 147 15 130 - 200
29 June 2300 49 112 28 108 - 120 147 13 130 - 191
30 June 1100 47 113 25 110 - 121 148 14 130 - 20.1
30 June 2300 50 113 39 110 - 127 153 22 131 - 223
01 July 1100 50 116 44 111 - 131 162 27 130 - 259
01July 2300 55 113 36 110 - 124 155 22 131 - 227
02 July 1100 52 115 4.8 110 - 137 159 28 130 - 26.3
02 July 2300 54 116 4.1 11 - 127 154 21 130 - 227
03 July 1100 29 115 45 110 - 128 156 26 130 - 228
03 July 2300 49 114 3.7 111 - 127 16.2 22 132 - 227
04 July 1100 48 115 3.7 110 - 128 158 2.0 13.0 - 245
04 July 2300 50 117 55 110 - 137 172 3.0 135 - 267
05 July 1100 57 115 35 110 - 127 161 21 131 - 252
05 July 2300 51 116 45 110 - 126 172 26 140 - 233
06 July 1100 51 115 46 110 - 128 168 24 130 - 234
06 July 2300 47 115 39 110 - 127 16.0 22 130 - 217
07 July 1100 49 117 6.2 110 - 138 178 3.7 136 - 286
07 July 2300 49 115 44 110 - 132 16.4 25 130 - 26.1
08 July 1100 49 118 6.0 110 - 135 181 32 130 - 26.6
08 July 2300 49 116 6.0 110 - 139 170 3.0 134 - 280
09 July 1100 51 117 5.1 110 - 141 174 21 133 - 228
09 July 2300 46 118 8.8 110 - 158 182 44 130 - 372
10 July 1100 51 117 57 110 - 137 174 28 136 - 258
10 July 2300 49 116 6.1 110 - 140 166 27 131 - 26.6
11 July 1100 50 115 4.0 110 - 125 157 19 130 - 206
11 July 2300 51 116 7.8 110 - 140 166 32 132 - 26.8
12 July 1100 50 116 6.6 110 - 145 164 31 135 - 289
12 July 2300 58 117 74 110 - 143 170 36 138 - 322
13 July 1100 58 119 87 110 - 148 186 45 143 - 345
13 July 2300 56 119 7.7 110 - 143 176 33 134 - 292
14 July 1100 56 121 87 110 - 138 182 37 134 - 277
14 July 2300 52 118 85 110 - 143 175 36 130 - 30.1
15 July 1100 47 120 7.7 112 - 143 177 32 139 - 284
15 July 2300 49 119 86 111 - 145 185 35 136 - 28.0
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Appendix M. Continued.

Release  Release Fork length (mm) Weight (g)
date time N Mean SD Range Mean SD Range

16 July 1100 46 120 7.6 111 - 145 175 31 137 - 263
16 July 2300 47 118 84 110 - 142 172 3.7 138 - 300
17 July 1100 49 119 8.0 110 - 141 16.7 3.0 13.0 - 26.6
17 July 2300 53 118 6.6 110 - 140 183 29 137 - 274
18 July 1100 50 118 7.3 110 - 145 179 43 138 - 379
18 July 2300 54 117 65 110 - 138 180 35 132 - 288
19 July 1100 47 116 5.3 110 - 134 174 26 142 - 26.8
19 July 2300 52 117 58 110 - 140 179 29 140 - 287
20 July 1100 52 118 6.8 110 - 144 184 26 149 - 273
20 July 2300 53 115 5.2 110 - 137 170 25 132 - 275
Overall: 2814 116 5.9 108 - 158 165 3.0 130 - 379
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Appendix N. Subyearling Chinook salmon powerhouse (PH), sluiceway (SLU), and
Spillway (SP) passage counts by date and diel during 40% juvenile spill discharge at
The Dalles Dam, summer 2003. Counts have not been adjusted for powerhouse,
sluiceway, or spillway detection probabilities.

Date Diel PH SLU SP
24 June Day 5 15 130
25 June Day 19 16 140
26 June Day 14 19 163
27 June Day 12 18 137
28 June Day 7 11 96
29 June Day 11 17 122
30 June Day 3 13 105
01 July Day 9 17 113
02 July Day 9 22 130
03 July Day 1 4 109
04 July Day 4 11 132
05 July Day 3 14 136
06 July Day 4 7 110
07 July Day 9 17 132
08 July Day 2 5 131
09 July Day 6 23 137
10 July Day 8 31 150
11 July Day 5 32 95
12 July Day 4 20 95
13 July Day 2 7 102
14 July Day 10 27 143
15 July Day 7 15 78
16 July Day 4 10 81
17 July Day 1 22 78
18 July Day 2 6 100
19 July Day 1 7 91
20 July Day 5 10 116
21 July Day 7 7 94
22 July Day 3 5 17
23 July Day 0 2 11
24 July Day 0 1 2
25 July Day 0 0 6
24 June Night 3 2 18
25 June Night 10 4 14
26 June Night 12 6 26
27 June Night 23 2 36
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Appendix N. Continued.

Date Diel PH SLU SP
28 June Night 18 8 35
29 June Night 31 13 38
30 June Night 14 11 42
01 July Night 8 6 26
02 July Night 20 4 31
03 July Night 8 8 20
04 July Night 11 4 25
05 July Night 4 2 31
06 July Night 6 10 17
07 July Night 10 3 17
08 July Night 4 9 20
09 July Night 8 4 35
10 July Night 32 8 49
11 July Night 17 11 30
12 July Night 14 6 34
13 July Night 20 5 30
14 July Night 15 9 52
15 July Night 20 6 30
16 July Night 16 1 23
17 July Night 21 7 28
18 July Night 21 13 39
19 July Night 11 7 24
20 July Night 8 5 32
21 July Night 13 6 22
22 July Night 5 4 8
23 July Night 4 1 3
24 July Night 0 1 4
25 July Night 0 0 1
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Appendix O. Percentage of time main turbine units 1 through 16 (T1-T16) were in
operation during 40% day spill at The Dalles Dam, summer 2003. Darker shading
indicates greater percentage. Day refers to 0530 to 2059 hours. Blank rows indicate no
data were available for that date. No data were available for turbine units 17 through 22
and after 13 July.

T2 |T3| T4 |T5|T6|T7|T8| T9 | T10 | T11 | T12 | T13 | T14 | T15 | T16
0 0 0 O
0f 0] O O
0f 0] Of O
0 0 0 O
0f 0] Of O
0 0 0 O
0f 0] Of O
0 0 0 O 6
0f 0/ O O 0
0 0 0 O 0 0
0f 0/ O O 0 0
0 0 0 O 0 0
0f 0/ O O 0 0
0f 0] Of O 6 0
0 0 0] O 0 25
0f 0] Of O
0 0 0] O
0f 0 O
0 0 O
0f 0 O

===l l=ll=l =l l=l =l =l k=lk=lk=]
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Appendix P. Percentage of time main turbine units 1 through 16 (T1 through T16) were
in operation during 40% night spill at The Dalles Dam, summer 2003. Darker shading
indicates greater percentage. Night refers to 2100 to 0529 hours. Blank rows indicate no
data were available for that date. No data were available for turbine units 17 through 22
and after 13 July.
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Appendix Q. Percentage of time spill bays 1 through 15 (S1 through S15) were in
operation during 40% day spill at The Dalles Dam, summer 2003. No spill was
discharged through spill bays 16 through 23. Darker shading indicates greater percentage.
Day refers to 0530 to 2059 hours. No data were available after 17 July.

Date | SL | S2 | S3 | S4 | S5 | S6 | S7 | S8 | S9 [S10]S11 | S12 [ S13 [ S14[S15
PRI 100 100 100 100 100 100 100 100 100 100 100 100 100 100 [l
P 100 100 100 100 100 100 100 100 100 100 BTG
PN 100 100 100 100 100 100, 10075
IS 100 100 100 100 100 100 100 100 100 100 100/ 100
PN 100 100 100 100 100 100 100 100 100 100 100 100 JWEd

PO 100 100 100 100 100 100 100 100 100 100 100 100 100 100
O 100 100 100 100 100 100 100 100 100 100 100 100 100 &L
B 100 100 100 100 100 100 100 100 100 100 100 100881 81
P 100 100 100 100 100 100 100 100 100 100 100 100 100 7S
G 100 100 1200 100 100 100 100 100 100 100 100 100 K

Ml 100 100 100 100 100 100 100 100 100 100 100 100 ‘ 0

N ‘

=l =l i=li=l =l =l I=1 k=l i=1k=]1%)

MW 100 100 100 100 100 100 100 100 100 100 100 100 100 €
W] 100 100 100 100 100 100 10081 el el sl 0
&M 100 100 100 100 100 94 94 94 94 94 94 94 |

CRM] 100 100 100 100 100 100 100 100 | 19] 6
W] 100 100 100 100 100 100 100 100 100 100/ 100

M 100 100 100 100 100 100 100 100 100/7788 13
(FBM] 100 100 100 100 100 100 100 100 100 100 ESE
PN 100 100 100 100 100 100 100 100 100 100 0
RN 100 100 100 100 100 100 100 100 100 | 0o o0
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Appendix R. Percentage of spill bays (S1 through S15) were in operation during 40%

night spill at The Dalles Dam, summer 2003. No spill was discharged through spill

bays 16 through 23. Darker shading indicates greater percentage. Night refers to 2100

to 0529 hours. No data were available after 17 July.

Date S1
24-Jun 00
25-Jun 00
26-Jun 00
27-Jun 00
28-Jun 00
29-Jun 00
30-Jun 00
1-Jul 00
2-Jul 00
3-Jul 00
4-Jul 00
5-Jul 00
6-Jul 00
7-Jul 00
8-Jul 00
9-Jul 00
10-Jul 00
11-Jul 00
12-Jul 00
13-Jul 00

S2

S3

S4

S5

S6

00
00
00
00
00
00
00
00
00
00
00
00
00
44
00
00
00
00
00
00

S7

00
00
00
00
00
00
00
00
00
00
00
00
00
44
00
00
00
00
00
00

90

S8

00
00
00
00
00
00
00
00
00
00
00
00
44
00
00
00
00
00
00

S9

00
00
00
00
00
00
00
00
00
00
00
00
44
00
00
00
00
00
00

S10

00
00
00
00
00
00
00
00
00
00
00
00
44
00
00
00
00
00
00

S11
00
00
00
00
00
00
00
00
00
00
00
00
44
00
00
00
00
00
00

S12 | S13 | S14 | S15
00 00 00 22
00 00 33 33
00 00 00 33
00 44
00 22
00 00 00 0
00 00 22
00 44 | 44 22
00 00 33 0
00 33 0 0
00 89 0 0
00 00 11 0
44 | 44 0 0
33| 33| 22 11
33| 33| 33 0
00 00 0
00 22
00 W 44 0
00 00 0
00 00 33 0




Appendix S. Results of logistic regressions to test for overall diel location effects at the
upriver entrance on fish-, spill-, and sluiceway-passage efficiency (FPE, SPE, and SLPE)
and log-ratio comparisons of FPE, SPE, and SLPE between groups of subyearling
Chinook salmon located at each of the upriver entrance areas above The Dalles Dam, 24
June through 26 July 2003. NS = north shore. BN = barge north. BS = barge south. SS
= south shore. The overall location effect was adjusted for 3 seasonal time periods (see
Figures 32 through 34). NA = not applicable due to no overall location effect. P-values
are based either on the binomial-likelihood chi-square test () or the quasi-likelihood F-
test (). Asterisks (*) indicate a significant effect or difference.

Passage Day Night
efficiency Test P-value P-value
FPE HO: No location effect (adjusted 0.3163° <0.0001° *
for 3 seasonal time periods)
NS vs. SS NA <0.0001*
BN vs. SS NA <0.0001*
BS vs. SS NA 0.7146
NS vs. BS NA <0.0001*
BN vs. BS NA <0.0014*
NS vs. BN NA <0.0060*
SPE HO: No location effect (adjusted 0.1294° <0.0181%*
for 3 seasonal time periods)
NS vs. SS NA 0.0122*
BN vs. SS NA 0.0084*
BS vs. SS NA 0.2957
NS vs. BS NA 0.0325*
BN vs. BS NA 0.0709
NS vs. BN NA 0.1539
SLPE HO: No location effect (adjusted 0.0907° 0.3210°

for 3 seasonal time periods)

Test for overdispersion HO: Variance component for time period = 0

Day Night
Deviance df P Deviance df P
FPE 24.9681 8 0.0016 5.3901 8 0.7152
SPE 15.0984 8 0.0573 14.8590 8 0.0619
SLPE 11.4193 8 0.1791 12.7427 8 0.1210

Residual analysis summary
Deviance residuals for the day and night analyses of FPE, SPE, and SLPE showed no
problems such as obvious outliers, heterogeneity of variation, kurtosis, or strong skew.




Appendix T. Results of logistic regressions to test for overall diel location effects at the
downriver entrance on fish-, spill-, and sluiceway-passage efficiency (FPE, SPE, and
SLPE) and log-ratio comparisons of FPE, SPE, and SLPE between groups of subyearling
Chinook salmon located at each of the upriver entrance areas above The Dalles Dam, 24
June through 26 July 2003. NS = north shore. BN = barge north. BS = barge south. SS

= south shore. The NS and BN locations were combined for night FPE. The overall
location effect was adjusted for 3 seasonal time periods (see figures 35 through 37). P-
values are based either on the binomial-likelihood chi-square test (°) or the quasi-

likelihood F-test (). Asterisks (*) indicate a significant effect or difference.

Passage Day Night
efficiency Test P-value P-value
FPE HO: No location effect (adjusted <0.00019* <0.0001°*
for 3 seasonal time periods)
NS vs. SS 0.1058 <0.0001*
BN vs. SS <0.0001* <0.0001*
BS vs. SS 0.0008* 0.0877
NS vs. BS 0.4626 0.0001*
BN vs. BS 0.1453 <0.0004*
NS vs. BN 0.0626 0.0557
SPE HO: No location effect (adjusted <0.0001°%* <0.0001°*
for 3 seasonal time periods)
NS vs. SS <0.0001* <0.0001*
BN vs. SS <0.0001* <0.0001*
BS vs. SS 0.0001* 0.1035
NS vs. BS 0.1721 <0.0001*
BN vs. BS 0.0013* <0.0001*
NS vs. BN 0.4563 0.0791
SLPE HO: No location effect (adjusted <0.0001%* <0.0540°*
for 3 seasonal time periods)
NS vs. SS 0.0004* NA
BN vs. SS <0.0001* NA
BS vs. SS 0.0120* NA
NS vs. BS 0.0756 NA
BN vs. BS 0.0040* NA
NS vs. BN 0.9538 NA
Test for overdispersion HO: Variance component for time period = 0
Day Night
Deviance df P Deviance df P
FPE 15.4005 8 0.0518 9.6175 8 0.1417
SPE 8.3107 8 0.4037 16.3655 8 0.0374
SLPE 6.6331 8 0.5767 12.5299 8 0.1291

Residual analysis summary

Deviance residuals for the day and night analyses of FPE, SPE, and SLPE showed no
problems such as obvious outliers, heterogeneity of variation, kurtosis, or strong skew.
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Appendix U. Diel daily estimates of subyearling Chinook salmon fish-passage
efficiency (FPE) during 40% spill discharge and logistic regression results comparing
diel periods, 24 June through 26 July 2003. QRCI = quasi-likelihood confidence
interval. N = sample size adjusted for detection efficiency.

Dav Niaht Observed odds
Date FPE N QOdds EPE N Qdds ratio
24 Jun 96.7 150 29.303 87.0 23 6.692 0.228
25 Jun 89.1 175 8.174 64.3 28 1.801 0.220
26 Jun 92.9 196 13.085 12.7 44 2.663 0.204
27 Jun 92.8 167 12.889 61.3 62 1.584 0.123
28 Jun 93.9 114 15.393 69.4 62 2.268 0.147
29 Jun 92.7 150 12.699 61.4 83 1.591 0.125
30 Jun 97.5 121 39.000 79.1 67 3.785 0.097
1 Jul 93.5 139 14.385 80.0 40 4,000 0.278
2 Jul 94.4 161 16.857 62.5 56 1.667 0.099
3 Jul 99.1 114 110.111 77.8 36 3.505 0.032
4 Jul 97.3 147 36.037 725 40 2.636 0.073
5 Jul 98.0 153 49.000 89.2 37 8.259 0.169
6 Jul 96.7 121 29.303 81.8 33 4.495 0.153
7 Jul 94.3 158 16.544 66.7 30 2.003 0.121
8 Jul 98.6 138 70.429 87.9 33 7.264 0.103
9 Jul 96.4 166 26.778 83.0 47 4,882 0.182
10 Jul 95.8 189 22.810 63.3 90 1.725 0.076
11 Jul 96.2 132 25.316 69.5 59 2.279 0.090
12 Jul 96.6 119 28.412 74.1 54 2.861 0.101
13 Jul 98.2 111 54.556 62.5 56 1.667 0.031
14 Jul 94.4 180 16.857 79.2 77 3.808 0.226
15 Jul 93.0 100 13.286 63.2 57 1.717 0.129
16 Jul 95.8 95 22.810 58.5 41 1.410 0.062
17 Jul 99.0 101 99.000 61.4 57 1.591 0.016
18 Jul 98.1 108 51.632 70.3 74 2.367 0.046
19 Jul 99.0 99 99.000 73.8 42 2.817 0.028
20 Jul 96.2 131 25.316 82.2 45 4,618 0.182
21 Jul 93.5 108 14.385 68.3 41 2.155 0.150
22 Jul 88.0 25 7.333 70.6 17 2.401 0.327
Overall odds ratio adjusted for date (95% QRCI) 0.114 (0.093 - 0.140)

Test HO: odds ratio = 1 (no diel effect, F-test, P < 0.0001)

Test for overdispersion HO: Variance component for date = 0, Deviance = 107.4249, df = 56, P < 0.0001.

Residual analysis summary: Deviance residuals showed no problems such as obvious outliers,
heterogeneity of variation, kurtosis, or strong skew.
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Appendix V. Diel daily estimates of subyearling Chinook salmon spill-passage efficiency
(SPE) during 40% spill discharge and logistic regression results comparing diel periods,
24 June through 26 July 2003. QRCI = quasi-likelihood confidence interval. N = sample
size adjusted for detection efficiency.

Dav Niaht Observed odds
Date  SPE N QOdds SPE N Qdds ratio
24 Jun 86.7 150 6.519 78.3 23 3.608 0.554
25 Jun 80.0 175 4,000 50.0 28 1.000 0.250
26 Jun 83.2 196 4,952 50.1 44 1.445 0.292
27 Jun 82.0 167 4,556 58.1 62 1.387 0.304
28 Jun 84.2 114 5.329 56.5 62 1.299 0.244
29Jun 813 150 4.348 45.8 83 0.845 0.194
30Jun  86.8 121 6.576 62.7 67 1.681 0.256
1 Jul 81.3 139 4.348 65.0 40 1.857 0.427
2 Jul 80.7 161 4.181 55.4 56 1.242 0.297
3Jul 95.6 114 21.727 55.6 36 1.252 0.058
4 Jul 89.8 147 8.804 62.5 40 1.667 0.189
5 Jul 88.9 153 8.009 83.8 37 5.173 0.646
6 Jul 90.9 121 9.989 51.5 33 1.062 0.106
7 Jul 83.5 158 5.061 56.7 30 1.309 0.259
8 Jul 94.9 138 18.608 60.6 33 1.538 0.083
9 Jul 82.5 166 4714 745 47 2.922 0.620
10l 79.4 189 3.854 54.4 0 1.193 0.310
11 Jul 72.0 132 2.571 50.8 59 1.033 0.402
12 Jul 79.8 119 3.950 63.0 54 1.703 0.431
13 Jul 91.9 111 11.346 53.6 56 1.155 0.102
14 Jul 79.4 180 3.854 67.5 77 2.077 0.539
15 Jul 78.0 100 3.545 52.6 57 1.110 0.313
16 Jul 85.3 95 5.803 56.1 41 1.278 0.220
17 Jul 77.2 101 3.386 49.1 57 0.965 0.285
18 Jul 92.6 108 12.514 52.7 74 1.114 0.089
19 Jul 91.9 99 11.346 57.1 42 1.331 0.117
20 Jul 88.5 131 7.696 71.1 45 2.460 0.320
21 Jul 87.0 108 6.692 53.7 41 1.160 0.173
22 Jul 68.0 25 2.125 47.1 17 0.890 0.419
Overall odds ratio adjusted for date (95% QRCI) 0.266 (0.217 - 0.327)

Test HO: odds ratio = 1 (no diel effect, F-test, P < 0.0001)

Test for overdispersion HO: Variance component for date = 0, Deviance = 153.413, df = 56, P < 0.0001.

Residual analysis summary: Deviance residuals showed no problems such as obvious outliers,
heterogeneity of variation, kurtosis, or strong skew.




Appendix W. Diel daily estimates of subyearling Chinook salmon sluiceway-passage
efficiency (SLPE) during 40% spill discharge and logistic regression results comparing
diel periods, 24 June through 26 July 2003. QRCI = quasi-likelihood ratio confidence
interval. N =sample size adjusted for detection efficiency.

Dav Niaht Observed odds
Date S| PE N QOdds S| PE N QOdds ratio
24 Jun 10.0 150 0.111 8.7 23 0.095 0.858
25 Jun 9.1 175 0.100 14.3 28 0.167 1.667
26 Jun 9.7 196 0.107 13.6 44 0.157 1.465
27 Jun 10.8 167 0.121 3.2 62 0.033 0.273
28 Jun 9.6 114 0.106 12.9 62 0.148 1.395
29 Jun 11.3 150 0.127 15.7 83 0.186 1.462
30 Jun 10.7 121 0.120 16.4 67 0.196 1.637
1 Jul 12.2 139 0.139 15.0 40 0.176 1.270
2 Jul 13.7 161 0.159 7.1 56 0.076 0.481
3 Jul 35 114 0.036 22.2 36 0.285 7.867
4 Jul 7.5 147 0.081 10.0 40 0.111 1.370
5 Jul 9.2 153 0.101 54 37 0.057 0.563
6 Jul 5.8 121 0.062 30.3 33 0.435 7.060
7 Jul 10.8 158 0.121 10.0 30 0.111 0.918
8 Jul 3.6 138 0.037 27.3 33 0.376 10.055
9 Jul 13.9 166 0.161 8.5 47 0.093 0.575
10 Jul 16.4 189 0.196 8.9 90 0.098 0.498
11 Jul 24.2 132 0.319 18.6 59 0.229 0.716
12 Jul 16.8 119 0.202 111 54 0.125 0.618
13 Jul 6.3 111 0.067 8.9 56 0.098 1.453
14 Jul 15.0 180 0.176 11.7 77 0.133 0.751
15 Jul 15.0 100 0.176 105 57 0.117 0.665
16 Jul 10.5 95 0.117 2.4 41 0.025 0.210
17 Jul 21.8 101 0.279 12.3 57 0.140 0.503
18 Jul 5.6 108 0.059 17.6 74 0.214 3.601
19 Jul 7.1 99 0.076 16.7 42 0.200 2.623
20 Jul 7.6 131 0.082 111 45 0.125 1.518
21 Jul 6.5 108 0.070 14.6 41 0.171 2.459
22 Jul 20.0 25 0.250 23.5 17 0.307 1.229

Overall odds ratio adjusted for date (95% QRCI)
Test HO: odds ratio = 1 (no diel effect, F-test, P > 0.625)

0.906 (0.808 - 1.492)

Test for overdispersion HO: Variance component for date = 0, Deviance = 141.414, df = 56, P < 0.0001.

Residual analysis summary: Deviance residuals showed no problems such as obvious outliers,

heterogeneity of variation, kurtosis, or strong skew.




