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INTRODUCTION

Salmon .(Onchorynchus spp.) and steelhead (Salmo g

irdneri) populations

in the Columbia River system have been adversely affected by the growth of
agriculture, geperal population, .and hydreelectric production (Raymond
1979). Fishery agencies are concerned with the large losses of spaward.
migrating smolts—~sometimes as high as 98 (Sims et al. 1978). Even with
collection and transportation operations at upriver dams designed to
minimize losses (Basham et al. 1982), large numbers of smolts remain in the
river for a volitional outﬁ:lfgriaﬁm. As 'agir‘i‘cultum and ’power demands
grow, spill is no longer readily available at the dams and more of these
smolts are forced to pa;s-'su through the powerhouse. Consequently, proteétion
of the nontransported smolts is a major coricern, especially at John Day
Dem. Special f‘lowa, spills, and sequential load dropping have been used in
conjuiction wfth the bypass system at John Day Da‘m, but the bypass system
is still not efficient enough (Sims and Johnsen 1976), and more forebay
behavior mﬁ»ﬁaﬂm is needed to efficlently move the fish to the
spillimy. | |

In 1979, development of & radio Em "gpultable for smolting salmon
allowed observation ‘behaviod as they dpproached These
radio tags were used in 1980 and again in 1981 to observe smolt behdvior at
John Day Dam (Sims et al. 1981; Faurot et al. 1982). In 1982, the National
Marine Fisheries Service (NMFS) under contract to the U.S. Army Corps of
Engineers,,'gigq,f?,) » used r:d}o tags to expand . the knowledge of the behavior
of smolting salmonids in the forebay of John Day Dam. The objectives of
the study were as followa: (1) determine the effects of variops modes of

epill and powerhouse operatiom op juwenile ching

%k salmon behavior as they
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migrated downstream, {2) correlate the observed chinook salmon behavior to
g terell"flow data obtained from a''BonneviIfe' Power 'Mfmivtstration M)-
“¥unded ¥low-net study (Sims and Giorgi 1982), and (3) monitor the
relationship between diel behavior of smolts in the forebay and passage

time at the dam.

METHODS
Site
Radio-tagged juvenile salmonids were tracked in the immediate vicinity
of John Day Dam--rB;]L'ver Kilometer (RKm) 347 to 353 (Figure 1). In this
area, the river is about 1 km wide, and a major tributary, the John Day
KLl A & -y

‘River, enters on the Oregon side at RRKm 351.

The John Da Pro ect has three paths that smolts may I follow twass
TR 2In DAL

: go-wnstream'“
' X2

bypass syst:emh E&e_gge ahrough 1% t‘he turbix}gg gro,duces emp]}t, ,l_g:orstplity.‘ as
be 4 F R ) mm J -

Eﬁrough thie wllway, tﬁou B the turbines, or@roug%the
l‘l‘A LT NT
high as 332 (Raymond 1979), and the design operational efficiency of the
juvenile bypass system still needs improvement (Swan et al. 1982). Y‘il"he*{y__
mortality for fish passing through the spillway is approximately 32 (Bell .
w‘q L R LR i YA AL T W ™ Vs
et al. 197Z). “¥lows theough fhe Joh% Pay project ranged from 130 to ?,'500

kefs during the spring outmigration, and involuntary spill began at about

300 kcfs.

Equipment
The juvenile radio tag was developed by NMFS electronics personnel to
proyide a means of monitoring movements of individual smolts. The radio
e i wmsa Do B . el adae “MAt“ £LiN

! “ LR ) el
tags are battery powered transmitters operated on ‘ carrier frequency of

.+~ ydPproximately 30 megahertz (MHz), The transmitter and batteries are coated
B - £



Upper green barre| el

158
3

Tl g

ower green L5
Washington L gree barr|

,\\ AT o -
G VD \ ./ - 3
5 Study sit —_——a

} oy §ite s ® Primary release site John Day

! i QRiver light
regon g & >

25

T
|
|
I
|
I
|
|
|

<y

~cd

White barrel ¥
WASHIN ol
5 e N il «SUpper orange barrel

5 i
T Nl <

5 .

h O
.,‘ 1
N Z

'y

dl ower orange barrel

OREGON

Release site C -
e, o ’ /
M g=Restricted zone sign

. _#Three culverts

Nautical miles

1
2 Kilometers

B 0
@Edge of dam :r

! .John Day Dam

Figure 1.--Study area for radio tracking of juvenile salmonids at John Day Dam,
1982.



with aecrylic and a mixture of paraffin and beeswax to form a flattened
cylinder 26 x 9 x 6 mm, which weighs approximately 2.9 g in air. For
identification purposes, each tag transmitted on one of nine specific
frequencies spaced 10 kilohertz (KHz) apart (30.17 through 30.25 MHz).
Tracking range of the tag varied from 50 to 300 m depending on the output
of the tag (200-640 mV) and the depth of the fish. Pulse rate was two per
e was 3 days.

were the same as described by Liscom et al.
(1978). Hand-held directional loop antennas (46 cm in diameter) were used
with the portable radio receivers. The receiver amplified the tag signal
and produced an audible tone. Bearings to the tags were obtained by
rotating the antenna to null out the signal. Two boats (7.3 and 6.3 m

long) were used as tracking platforms.

Procedures
Tagging
Juvenile at John Day Dam from an airlift pump in
the gatewe may

have been held in the fish marking facility for as long as 12 h before
tagging.

The smolts used were longer than 152 mm and showed a minimum amount of
descaling. The first two fish used in the study were anesthetized before
tagging, but because of a fish death and a tag failure during the holding
period before the third track, the third fish was tagged without
anesthetic. The recovery time for this fish was almost immediate, and this

fish was the first that reached the dam during the 1982 season. For. tracks



4 through 7, we dummy-tagged fish (w:l:tl:aeut aneshtetic), at the same time we
radio tagged the test fiah (with anesthetic) The nonanesthetized fish
always recovered faster than the aaeathetized fish and the effects of
sttess did not appear to be different. Ccn'uquemly, from release number 8
on, the fish were tagged without amesthetic.

After a fish was measured, the radio tag was dipped in glycerin and
inserted into the fish's mouth. A plastic drinking straw was used to push
the teg through the esophagus into the stemach. The £lexible antenna
extended out of the fish's mouth. Care was taken during tagging to ensure
the fish was completely immobilized, as any movement during insertion of
the tag could rupture the heart. If the tag was not inserted far enough,
it was regurgitated by the fish, usually within an hour. The time required
to tag and place the fish in the recovery tank was usually no more than 30
S.

Tagged fish were held in a recevery tank for at least 2 h before they
were released into the river. This provided a test of the tag and allowed
the fish to adjust to carrying the extra weight. After recovery, tagged
fish were placed in a livewell on the tracking boat, transported to the
release site, released into the river, and tracking began. Chinook salmon
were the primary species studied, but steelhead were used late in the study

when chinook salmon were not available.

Release Sites

Eazﬂa-tagged fish mre relemed at thtee locations in the Johm Day

q e

Eéz‘_ub&y. The pﬂ.mvy site (P) m lpps“

wtely m—fmth of the river
width directly eut fron tlwe lmx grm lmrre»l on the Waslunm.an shm'e

(Figure 1). When pooxr mther eomdﬂtiuns premted traekiug in thﬂ.a



vicinity, fish were relessed in the regtricted 2Zome at Site A neatr Buoy A
"2 DT MR

on the morth edge of the forebay restricted zone, or at Site C near Buoy C
A5l aeal Iutlgarmiton el Slaiafianas d3tw) Le'r louay wdl Lamse o csboa

on the south edge of the restricted zome. This area was protected from
T o swaY i wly bhan  fel? baglimtiferoe afl godys cruasl becaolac el

wind by the dam, and tracking Was always poseible. Fish releases were

“ABIE BRIy BOTY |, (1IFS2paNoal <Jﬁgjp§{i5 Ln O BY IR FOH L, AmIIn
generally made within an hour of 1900 h, except when diel behavior was

cpdcod tan o gkl iw oanTad cuoee it oafdt A
being studied.

poobrusyly 0@ bLacalr cew ye3d oihan

Tracking

The tracking range (50->300 m) and large size of the study area (5 km
long by 1 km wide) required tracking by boat rather than from shore
stations. Two boats, each with a two-man crew, were used for tracking the
tagged fish. One person operated the boat while the second person operated
the antenna and receiver. To stay within range of the tagged fish, one
boat was deployed upwind from the fish, and the other boat was deployed to
one side of the fish's expected location. As the relative position of the
boats and fish changed, the boats would change position, one at a time, in
anticipation of the relative movement.

Fixes for plotting the fish's location on tracking maps were made by
placing a boat directly over the fish's location and then fixing the
location of the boat on the map. The boat was judged to be directly over a
fish when a strong signal was received throughout the entire 360° rotation
of the antenna. Fixes to determine the location of the boat were made by
measuring, with a sextant, the horizontal angle between fixed navigational
aids and/or brightly colored and lighted markers placed at known positions
on the river bank. The angles, when plotted with a three—arm protractor,
provided a very accurate and fast method of locating fish positions on a

navigational chart (Dunlap and Schufeldt 1969).



Short tracking ranges and high winds required that constant cross
bearings be taken to stay with the fish. If the signal was lost, a marker
buoy was d@ﬂ‘ﬁmi at the pofnt of last contact, and the area was searched
uwntdl the tagged fish was relocated. During the 1980 and 1982 tracking
seasons, more steelhead tr;;ks ;§¥e terminated because of signal strength
irregularities than chinook salmon tracks.- We believe this is the result
of a difference in depth behavior, and that frequent and deeper dives made

by steelhead is the reason that the signal is lost.

RESULTS AND DISCUSSION

From 12 April to 26 June 1982, 43 juvenile salmonid smolts (37 chinook
salmon, 6 steelhead) were radio tracked (Table 1). The mean length of the
chinook salmon was 168 mm (152-192 mm) and the steelhead 169 mm (157-181
mm). Of the fish released, 26 were tracked until they passed the dam.

The licressé in thp uumber of figh tracked successfully during the
1982 gseason was due to the increased output of the radio tag and the use of
¢thinocok salmon a8 the primary test species, The increased range was
obtained by decreasing tag life from 10 to 3 days and increasing pulse
width,

River flows were varied in the vicinity of the dam by changing the
spill and turbine loading conditions. Various combinations of spill and
turbine loading were used during periods of peak passage (2100 to 0200 h).
During tracking, total flows ranged from a low of 236.6 kcfs with 99.7 kefs
6pill (422) to a river flow of 448 kcfs with involuntary spill of 151.1

kcfs (34%). Set flow conditions originally designed by the CofE for their



Table l.--Radio tracking supmary.

Duration Passage

Figh Lgth Ms- Release of track Cause of Time Discharge (kcfs)
Number Species (mm) 222 Release site time (h) termination Location (h) Spill % (Bays Open) Turbine

1 Chinook 169 yes Abv. J.D. Rv. 1324 6.2 Lack of movement ) G

2 Chinook 171° yes P 1843 1%8 Lost

3 Chinook 166 no P 1914 9.5 Nav. lock pasage

4 Chinook 156 yes P 1901 0.4 Lost

5 Chinook 170 yes A 2002 0.6 Lost

6 Chinook 170 yes P 1847 4.9 Passage Spill 6 2343 102.1 31 (2-4) (9-14) 228.3
7 Chinook 154 yes P 2036 0.7 Lost

8 Chinook 156 no P 1902 0.3 Lost

9 Chinook 170, no 4 1919 37 Passage Turb 178 - 2303 99.7 40 (11-20) 148.0
10 Chinodk 182: no P 1358 58 Day track only

11 Chinook 172, no P 2045 4,2 Passage Spill 20 0059 < 99.7 38 (15-20) 108.6
1.2 Chinook 164 no P 1844 120 Lost

13 Chinook 165 no P 1745 6.7 Lost

14 Chinook 152 mno P 1846 Q.5 Lost

15 Chinook 168 no A 1805 150 8 Passage Turb 78 1908 1203 37 (1-20) 207.1
16 Chinook 164 no L 1811 4,5 Passage Turbew 7C 'S 2240 12053 37 (18-15) (17-20) 207.3
1 Chinook 160 no P 1807 256 Lost

18 Chinook 170 no P 1729 335 Passage Spill 17 2056 12083 36 - (14=20) 217.0
19 Chinook 162 no P 0024 4.4 Lost

20 Chinook 171 no A 1822 0.8 Passage Turb -+ 12B .« 1910 8057 27 (14-16) (18-20) 215.3
21 Chinook 162 no A 1946 0.9 Passage Turb 10C 2038 80.7 30 (16-20) 192.0
22 Chinook 165 no P 1839 2.9 Lost
23 Chinook. 174 no P 1307 3.1 Pagsage Spill 13 1611 13%%1 30 _({=14) 311.5
24 Chinook 152 no P 1829 2.0 Passage Spillsl9 2030 134.2 30 (14-20) 310.1
25 Chinook 155 no P 1801 5.3 Passage Spill 13 2318 150.4 40  (14-20) 227.7
26 Chinook 163 no A 1948 1438 Passage Spill 14 2056 150.4 40 (14-20) 224,2
27 Chinook 160 no P 1750 R | Passage Spill 19 2057 150.4 40 (14-20) 224,2
28 Chinook 154 no c 2106 152 Passage Turb 8A 2215 150.4 36 (1-5) (12-20) 265.7
29 Chinook 167 no c 2110 51 Passage Turb 88 2218 A5054 37 (1-5) (12-20) 258.6
30 Sthd 174 no P 1903 57 Passage Spill 2 0045 150.4 42 (1-5) (12-20).s 20522
31 Chinook 192 no P 1753 5.5 Lack of movement

32 Sthd 181 no P 1750 259 Passage Turb 7C 2043 8l.1 30 (14-20) 209.5
33 Chinock 168 no A 2000 1.4 Passage Turb™ L1B 2122 150.4 44 (1,2)(4,5)(12-20) 192.7
34 Chinook 160 no P 1733 5.1 Passage Turb 1 2239 150.4 38 (1-5) (12-20) 242.1
35 Chinook 166 no P 2325 350 Passage Spill 15 0225 150.4 45 (1-5) (12-20) 186.4
36 Chinook 162 no P 1714 4.2 Passage Turb 1l1C 2124 100.1 29 (1-5) (12-20) 249.5
37 Chinoock 159 no P 1737 4.6 Passage Spill 17 2211 11f.7 36 (14-20) 213.4
38 Sthd 158 no P 1848 2.8 Lost

39 Chinock 163 no P 1735 4.3 Pagsage - Turb 7e 2152 161.5 37 (1-5) (14-20) 270.8
40 ) Sthd 169 no P 1742 4,6 Lack of movement

41 Sthd 157  no P 1740 3.8 Passage Turb 4A 2130 153sl 34 296.3
42 Sthd 172 no P 0435 5.4 Lack of movement

43 Chinook 157 no e 2127 W7 Passage Spill 16 2311 143.1 32 (1-5) (12-20) 299.3

Release Site P = 250 m off shore at the lower green marker barrel.
Site A - At bouy A (near mid-dam at upper edge of restricted zone).
Site C -~ In restricted zone closer to Oregon shore than Site A.



sonar evaluation were not available because of high flow conditioms. This
limited the number of radio tracks that could be obtained during any one
flow condition.

For the 26 fish tracked to the dam, passage locations were evenly
split between the powerhouse and the spill sides of the dam. Thirteen fish
passed through the powerhouse, and twelve fish passed through the spillway.
One fish is believed to have gone downstream through the navigation lock.
Passage locations for just those fish released at the primary release site
near the Washington shore, approximately 3 km upstream from the dam, were
not evenly split. Eleven fish passed through the spillway, one through the
navigation lock, and seven through the powerhouse. Fish released within

the restricted sone (Sites A and C) also passed through the ge and

gspillway in a disproportionate manner. One fish passed through the

spillway, and six fish passed through the powerhouse.

Primary Releases

Even though the number of tracks from the primary release site during
any given flow condition was small, we believe that the tracks indicated
that timing and rate of spill cam be controlling factors for moving smolts
to the spillway for passage. Of the 18 fish tracked to the dam from the
primary release site (Table 2), 11 (61%) stayed on the spill side of the
river as they approached the restricted zone whereas 7 (39%) moved to the
powerhouse side. Of the 11 fish that moved down the spill side of the
river 9 (822) passed through the spillway and 5 (71%Z) of the 7 fish that
crossed to the powerhouse side of the river passed through the powerhouse.
During the tracks when fish stayed on the spill side of the river, the

spill rate was 34% of the total river flow or greater in all but two cases.



Table 2.--Summary of the effects of wvarious spill levels on the approaq? to
ggﬁi the resticted zone and eventual passage location of radio tagged salmonid
. smolts tracked 4in 1982 RS BB ETPNOG- WY e

ETIT RY YO o Tos S S

_Approach to restricted zone
Ty
Spill side Powerhouse side
% of river Passage location Passage location
flow being spilled Total Spill Powerhouse Total Spill Powerhouse

- g4t -t

0-20 1 1 = 1 o 1
21-33 1 - 1 4 1 3
34-45 9 8 1 2 1 1
Total 11 9 2 7 2 5

10



When the fish moved to the powerhouse side during their movements to the
dam, the rate of spill was greater than 34% during only two of the seven

tracks.

Restricted Zone Releases

No apparent effects of spill were seen on the fish released within the
restricted zone. The two fish released on the Oregon side of the
restricted zome (Site C) passed through the powerhouse and four of the
five fish released on the mid-dam line (S8ite A) passed through the
powerhouse. The rate of spill during the tracks of fish released at Buoy A
ranged from 27 to 43% of the total river flow. The one passage through the
spillway (Bay #14) was made when the spill rate was 40% of the river flow,
and the flow was concentrated on the powerhouse end of the spillway.

The data from the BPA flow-net study are not yet available for amn

evaluation of behavior with kmown flow direction and velocities.

Spill Configurations

Of the factors that cause fish to move to the spillway for passage,
configuration of the spill does not appear to be as important as the amount
of river flow being spilled. Three spill configurations were tested in
1982: equal spill across the entire spillway; a concentrated spill next to
the powerhouse, usually at Gates 14-20; and a split spill, with a low flow
at Gates 1-5 on the north end of the spillway and the majority of the flow
through Gates 12-20. During the equal spill, seven radio tagged fish
passed the dam, five (71%) on the spill side and two (29%) on the
powerhouse side. During concentrated spill near the powerhouse, 10 fish

passed the dam, 5 (50%) through the spillway and 5 (50%) through the

11
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powerhouse. During split spill, eight fish passed the dam, three (38%)
through the spillway and five (62%) through the powerhouse. The pexgent-.of
the total river flows being spilled durimg each spill configuration covered
the full range of the flows tested. With the limited sample sizes
available no differences were observed between configurations.

Concentrating the flow near the powerhouse creates problems for adult
salmonid passage and barge traffic. Moving the spill away from the north
end of the spillway reduces the atﬁa&éim fl@ﬁ into tﬁé‘)ﬁoﬂ:hl fiéhvay.
There may be a period of the day, however, when adult passage is low enough
that moving the spill closer to the powerhouse would have little or no

. Pownode ety b SUS ol i Lo Sh.. azdm aboo PR R & NS R
waff‘ffeet ont Wéi‘ai adul’t me;sage. Concentrat‘fng high fiows ‘near the

u
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powerhouse @l‘e;ée Ve % " eﬁ’};s below Jﬁm ﬁﬁy Fﬂﬂ that mke lmngg

S ST C O cL N SR PN
navigation difficult. When this condit Wwas present, some barge

operators delayed passage at John Day Lock until the flow configuration was
changed. ! spct=oy o oLyl
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svnt e 2 88t 1080 end 1V61 {ndfcaed” i the” ‘wijority of the smpits

R T

tothse "'a

HER I SR ¥

SEA &n roEw AgoL 5 Sab
passed Jwr prima £ wiéase awe o’n tlm:tr way There were also

3 O b 4 'l‘“l AT £ Il\d"‘\ Lys e o
wiﬁﬁcatim’m tﬁat t é“re ease area is a mmng area ar fiah that zpprmh
the dam during daylight periods. The sample size for that assumption is

bae lion wil o
small, and fish released at i:be‘~ upﬂtx‘en site ia 1932
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L o
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to the pattern of £ish holdlng up until darkness ims fish #23. It was
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o130 ublag o aaiiight “peidla af tHi0Sak of the outiiyretion smd it
moved without delay to the dem for passage. Spill during its approach to



the dam was 37% and the fish stayed on the spill side of the river for
passage through the spillway. In 1982, two fish were released after dark
at the primary release site. Both fish moved directly down to the
restricted zone. One was lost just 1inside the restricted zone and the

other passed through the spillway 3 h after its release.

Radio Tracks 1980-1982

When the 1982 data are combined with data from 1980 and 1981, the
effects of spill rates between zero and 457 of the total river flow can be
observed. During the 3 years of juvenile tracking studies, 36 smolts were
monitored as they moved from release sites upstream from the restricted
zone to eventual pagsage at the dem (four emolts in 1980 and one in 1981
were released 1 km upstream from our 1981, 1982 primary release site).
Table 3 gives a breakdown on which side of the river the fish approached
the dam, what the spill rate was during the approach, and where the fish
passed through the dam.

When the spill rate was 20% of the river flow or less, 14 fish were

tracked to the dam from upstream (pri

ury) release sites; 6 (43%) mowved
dowe

. the Washington side of the river amd 8 (57%) moved down the Oregon
side. ALl of the fish from the Ore
Washington slde passed through the ;

downstream through the spillway.

m side (eight) plus four fish from the

; only two fimh (14%) passed

Ten fish were observed as they aproached the dam during spill that
ranged from 21 to 33% of the total river flow. Seven fish (70%) moved down
the Oregom side of the river, and three fish (30%) moved dowm the
Washington side. The passage locations for these fish were evenly split
betwewn the powerhiouse end the spillway, five f‘inh each.

13



Table 3.--Summary of the effects of various spill levels on the approach to
the restricted zone and eventual passage location of radio tagged

B 1980 throwgh 1982,

MR A AW R TRV LA W

Approach to restricted zone

_=3s4 Spill side ,,

Powerhouse side .

“m
3

% of river T Passage location

flow being spilled Total Spill Powerhouse

Passage location
Total Spill Powerhouse

0-20 6 2 4
21-33 3 3 0
>34 10 8 2
Total 19 13 6

8 = 8
7 2 5
2 1 1
17 3 14

14



During periods when the spill rate was greater than 33%, 12 fish were
observed as they approached the dam. Ten fish (83%) moved down the
Washington side of the river and two fish (17%) moved down the Oregon side.
Of the 12 fish, 9 (75%) passed the dam via the spillway and 3 (25%) passed
via the powerhouse.

If these figures are used without further input, it would appear that
75% of the spring outmigration could be passed through the spillway with a
spill rate of 34%. That passage rate may be biased by the time of day that
tagged fish were released and the location of release-—neither factor has
been quantitatively studied. Smolt tracks in 1980 and 1981 indicated that
the majority of the fish moving downstream passed through our primary

release area, but the release location of these fish may have biased the

Data from purse seine operations indicated that fish move in the
reservoir during the day and heldup during periods of darkness (Sims 1976).
Smolt monitoring data at John Day Dam indicated that smolts entered the dam
during periods of darkness and not during the day. With no passage during
the day, the fish must holdup above the dam until dark. The radio tracks
indicated that the fish released upstream from the John Day River spent the
holding period near our primary release area, and that fish released into
that holding area moved further downstream before holding up. Information
from purse seining indicated there were large numbers of fish in the area
between the restricted zone and the mouth of the John Day River.

To determine the portion of the migrating population that can be
expected to benefit from any given spill condition, further tests are
needed to determine where smolts hold during daylight periods, what the
effects of spilling during the holding period are, and the distance

upstream from the dam that fish are holding during darkness.

IS5



Movement Rate

' 5 o
Vieoa Ea E

The rates of movement for chinook salmon in 1982 (Table 4) were within
.

the rates reported in 1980 and 1981. The average rates of mvement

v

reported are net rates from release point to the point the traek was

r";.f L

terminated and do not take into account meanders that fish m:tght take. Fer

chinook salmon, the 1980 and 1981 average rates were 0 52 and 0. 59 km/h,

P

respectively. In 1982 the average rate for ehirmok salmn was 0.58 km/h.

' ¢

For st&elhead, cur assessment of movement rates has been complicated

by their mandering behaviar. In 1982 anly aix steelhead were tracked,

[ vEp T

and the average rate of mevement ms 0.47 km/h. In 1980, six steelhead had

Sl e

an average rate of 0. éo km/h, and :Ln 1981 a year that included mre daytime

1 b

t‘;raeks, nine, steellwad averaged 0 20 kﬁm/h. In ge:ex:al, steelhaad tend to
2 & ) .
meander more than chinoak salmn and that 13 the reason for the slawer
travel rates fur s;eeelhaad from the _releas«e point to the point the track
;;s ! tefmiéxate‘fl.. R N - B
SUMMARY AND CONCLUSIONS

During the spring of 1982, radio-tracking studies were conducted to
monitor the approach and passage behavior of salmonid smolts under various
modes of spill and powerhouse operation at John Day Dam. Forty-three radio
tagged smolts (37 chinook salmon and 6 steelhead) were released into the
John Day Dam forebay, and 26 were tracked to the dam. Of the 26 fish
tracked to the dam, 13 passed through the powerhouse, 12 through the
spillway, and 1 through the navigation lock.

Of the factors that influence the passage location of smolts, the
percentage of the total river discharge being spilled appears to have the

greatest effect. Spill rates of over 337 are needed to keep the fish on

the Washington side of the river, and the higher spill rates tend to keep
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Table 4.——Net downstream movement rates of radio-tagged salmonid smolts in John
Day Dam forebay, spring 1982.

Net downstream movement

Duration Rate of Travel
Fish of track Distance travel per day
number Species (h) (km) (km/h) (km/day)

1 Chinook 6.2 ) 0.27 6.58

2 Chinook 2.5 1.6 0.64 15436

3 Chinook 545 Jeil 0.56 13.53

4 Chinook 05 - - -

5 Chinook . Bmv‘ £ .i" - G - .310 -

6 Chinook 'x &9 3.2 0.65 . 15.67

7 Chinook BT - = -

8 Chinocok 1&;3 F - £ L - MO )

9 Chinook 3.7 9 0.84 m. 11
10 Chinook 5% ¢ 62 ¢ S OdEweiion o.81
11 Chinook &2 . 33 - 0,79 204,86
12 Chinook 1.8 &1 010 2,40
13 Chinook 6.7 % 0. 25 #.09
14 Chinook 2.3 8.2 0.99 2,09
15 Chinook B | L %] 0.6% a7
16 Chinook 4.5 3.1 - 69 - H53
17 Chinook 2,6 18 - Ga6h 8662
18 Chinook 3.5 3.1 0.4% " 3126
19 Chinook &4 246 0.59 1,18
20 Chinook 0.8 0.7 0.48 21.00
21 Chinook 0.9 0.7 0. 78 18.67
22 Chinook A4 1.2 0.27 6.55
23 Chinook 3.1 3.1 1.80 24.00
24 Chinook 2.0 3.8 1.56 36.00
25 Chinook 5.3 - 3.0 0.57 13.58
26 Chinook 1.1 i 5 (<1~ 3 15,27
27 Chinook %1 3.0 6.97 2.8
28 Chinook .2 06 .50 5
29 Chinook k.l L XY .55 13.09
30 Steelhead 5.7 5.1 . G5 13.05
31 Chinook 5.5 1.3 .23 5.67
32 Steelhead 2:9 - % 1.07 25.66
33 Chinook Y. % &7 0.50 12.00
34 Chinook 5.1 3.3 - G.6 14.59
35 Chinook - 3.9 30 L.00 24,00
36 Chinook £ W x5 0. 7% 17.71
37 Chinook &8 31 0. 67 16.17
38 Steelhead Z48 a8 029 6.86
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Table 4 «——cont.

Fish of track Distance travel per day
mamber Species (h) (km) (km/h) (km/day)
39 Chinook w, 4e3  cddn 3.0 - 0.70 . w—um  16.74
40 PN o clhead .6 Bl AR LA T
41 Steelhead 0 3.8 3.1 0.82 19.58
43 ¢e. Chinook 'ﬁ‘ 1.7 2.9 1.71 40.94

Total - 139.0 78,2

x=0.56
Chinook 113.8 66.3 0.58
Steelhead 252 11.9 0.47
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the fish from crossing from the spill side of the river to the powerhouse
once they are within the restricted zone.

Based on the three spill shapes tested in 1982 (flat, split, and
concentrated at the powerhouse end of the spillway) and the passage
locations of the radio tagged smolts, no spill configuration was noteably
better than the others. Slightly more fish passed through the spillway
under flat and concentrated spills than when the spill was split. The
concentrated spills that were tested caused barge navigation problems and
possible adult passage problems.

Our study of diel behavior in the forebay has shown that smolts holdup
in the forebay and pass through the dam at night. We have not however,
addressed specific holding locations and the effect of spill on those
locations. Consequently, we do not know what portion of the general
population that our test fish represent. Further studies are needed in
this area. In 1982, two of the three fish tracked during daylight periods
held up upstream from the restricted zone. The third fish, released during
the peak of the fun, moved directly to the dam and passed through the
spillway during the day.

In 1982, the net movement rate for chinook salmon from release to last
heard locatisn was 0.358 km/h. The net rate for steelhead was 0.47 km/h.

Conclusions determined From thesi

t# and their significance come
from rather small samples. Patterns are beginning to emerge, but further
replicates of conditions are nuecessary to develop firm apill
recommendations. Based on our present level of knowledge, our conclusions
are as follows:

l. The majority of the fish that can benefit from water being spilled
are those that stay on the Washington side of the river as they approach

the dam.
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2. To keep migrating smolts on the Washington side of the river, spill
should be greater than 34% of the total river flow.

3. The diel behavior patterns of radio tagged smolts in the forebay
supports data based on diel sampling at the dam.

4, Further studies are needed on the location of daylight holding
areas and the effects of spill on the smolts in these locations.

5. An evaluation of radio tagged smolt behavior in relation to the

flow-net will be made when the flow—-net data becomes available.
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Fish Number 1
Chinook salmon 169 mm
10 April 1982

oppgel minB®ro¥ #as &'fraining activity for the crew, but it also shows
daylight behavior ( When the Ffil moved upstream and then remained
stationary the track was terminuted. The effective tracking rauge was

500 feef@ " [T T R T ATy

0 n
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Fish Number 2
Chinook salmon 171 mm
11 April 1982

Fish number 2 was hard te followy,, Durimg.the 2.5 hoursythap-wesworked
with this fish, we had radio signalsgfor less than 60 minujggey The track
was tegminated an hour after the last signal was los

Flow Kefs
Time 1800 1900 { 2000
Total 289; 25FL 2581 3|12 7855
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Fish Number 3
Chinook salmon 166 mm
12 April 1982

Fish Number 3 moved at a steady rate until it got to the upstream gate
of the navigation lock. When the fish had not moved for an hour, the track
was terminated. A check of the lockage report showed a downstream lockage
one hour after the track ended, and a check for tag signals later in the
morning showed no fish present at the dam.

Flow Kcfs
Time 1900 2000 [ 2100 2200 | 2300 2400 0100
Total 302.2| 296.1] 317.7| 290.0| 268.6 | 309.7 | 286.4
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Z spill 7 8 16 18 31 45 49
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Fish Number 4
Chinook salmon 182 mm
14 April 1982

Tracking range for this fish was less than 50 feet. When the rough
weather was added to the short range, 1t was very hard to stay with thls
fish. After the fish was lost, we searched for one-half hour before
terminating this track to start tracking fish number 5.
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Fish Number 5
Chinook salmon 252 mm
14 April 1982

The weather got worse as the night progressed and fish number 5 was
released at Buoy A. The signal from this fish was lost after two minutes
and the track was terminated after an unsuccessful search.
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Fish Number 6
Chinook salmon 170 mm
20 April 1982

esv Puring® ¥raek’ humber 6, the radio signal' varied 'from very good toidoor,
but ' thé” sigdal “Wwas never lost. After holding ‘# %a wéve -on the Washingtond
shore until after sunset, the fish moved sEéad¥#ly- té6"the ‘dam “£6#) passagds
through Spill Gate 6.
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Fish Number 7
Chinook salmon 154 mm
21 April 1982

Fish number 7 was lost after two minutes of tracking. %he traek was
terminated when searching did not relocate the signal. The tracking range
at release was 100 feet.

1 ¥ r ! ‘:._ - S -
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Fish Number 8
Chinook salmon 156 mm
25 April 1982

agging, = It ‘was Jost immediately upon release, and  the  track wvas

:i' iadiils yas the pt fish released that had not Qeen anggthetized, before
sm? 061 aww sscolsa 7

erminated after an unsuccessful search.

Fish Number 9
Chinook salmon 170 mm
25 April 1982

Tracking range from this fish was estimated to be 250 yards. As the
fish approached the restricted zone, the signal fluctuated and the track

became broken. The track was terminated when the fish passed through
Turbine Unit 17. -
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Fish Number 10
Chinook salmon 182 mm
26 April 1982

This track was made to observe daytime behavior. Tag output provided
an estimated 250 yard tracking range. The track was terminated when there
was no downstream movement near sunset.
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Fish Number 11
Chinook salmon 172 mm
27 April 1982

habr Juqim

L yoYvakad ©owtaynh ad ¥ .

syory Bish jumbegodd  Jas. ﬁrﬂ.eggg , sunset. Bﬁ' moved lﬂirect:ly
downstream. As the $ish approached "it entered the area above the
empty turbine bay und then toward ‘th e spillway where it passed through
8pill 20. At the time of passage, all of the spill was concentrated on the
powerhouse end of the spillway and 36% of the total river flow was being
spilled.

Flow Kcfs
|Time 2000 21000( 2200 2300 2400
Total 2540 268,01 258,33 N 7. wB 42809
[Turbine 202 57 214.9( 198.5 196.0 | 180.6
Spill 510 %) 50.7 57.4 80.7 991,57
%4 spill 20 19 22 29 36

Upper green barre| s

Lower green barre| ¥

John Day
ORiver light

White barrel §

WASHINGTON
e OUpper orange barrel
S i \3 R

n O
N T 2

gl ower orange barrel

OREGON

: Restncted zone sign

Three culverts

Nautecal miles

BEdge of dam 1

2 Kilometers

John Day Dam




Fish Number 12
Chinook salmon 164 mm
4 May 1982

At the beginning of the track, the range was considered good. After
22 minutes of tracking the signal abruptly stopped, leading us to believe
that the tag had failed. The track was terminated after an unsuccessful
search.
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Fish Number 13
Chinook salmon 165 mm
5 May 1982
o by

({-Hpen .release, %mmbehm moved downstreamy.fo a cove on the
Washington shore. It stayed in the cove until well after dark. The track
proceeded well until the fish was dowmstream of the Washington white
barrel. At that point the signal began to fluctuate. The signal was last
heard at 0009 h just upstream of the restricted zone, but an accurate fix
was not possible. The track was terminated after an unsuccessful search.
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Fish Number 14
Chinook salmon
1982

Strong winds and f'fs*ft:l:&f:l;z.:tnga'mamge of lesd than 100' made this track
difficult. When the signal abruptly stopped at 2006 h, tag failure was
thought to be the reason. The track was terminated after an unguccessful

seardite '
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Fish Number 15
Chinook salmon 168 mm

7 May 1982
Because of over 40 mph, the release uoy A.
Fish number passed

through Turbin 7B.
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Fish Number 16
Chinook salmon 164 mm
8 May 1982

Fish number 16 moved to the center of the river and then steadily
downstream. While it stayed on the Washington (spill) side of the river
until it was 1in the restricted zone, it crossed to the powerhouse side
inside the area and passed through Turbine 13.
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Pish Number 17
Chinook salmon 160 om

9 May 1982

2Lt

\ ., The signal from fish numpar 17 was gegd for the firat 90 minutes, but
ven, the signal began to pictuate. g, 1938 h the signal was lost.

Extensive searches found the fish twice
The length of time the signal was heard, e#
eénough to fix a location.

ore the track‘ was terminated.
time it was located, was only
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Fish Number 18
Chinook salmon 170 mm
10 May 1982

Except for a short holdup at the restricted zone sign on the Oregon
shore, fish number 8 moved steadily until passage through Spill 20. This
fish is part of a small group that have crossed from the powerhouse side of
the river to the spill side of the river for passage.
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Fish Number 19
Chinook salmon 162 mm
11 May 1982

soo=~ITHEE Pish~wie releaded after dark to- obgérve behavior during darkness.
it began to move dowastreamsimmediately aifih kept on moving:at a moderate
%pate until we lost the signal inside dthe restricted zone. - Signal
fluctuation led us to believe that this fish regularly moved up and down in
the water column. The track was terminated after an unsuccessful search.
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Fish Number 20
Chinook salmon 171 mm
12 May 1982

Fish number 20 was released at Buoy A because of rough weather. The
fish began moving immediately toward the powerhouse where it passed through
Turbine 18.
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Fish Number 21
Chinook salmon 162 mm
12 May 1982

Fish number 21 was the second fish for the day. When released at Buoy
A, it 1immediately began to move toward the powerhouse. After steady
movement downstream, it delayed for a short period at the face of the dam
before passing through Turbine Unit 10.

Flow Kefs
Time 1900 ' 2000 |
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Fish Number 22
Chinock salmon 165 mm
18 May 1982

Fish number 22 was in poor physical comdition and recovered slowly
after tagging. It made little or no movement upon release, but started
downstream after 1/2 h. After 2 h of tracking, the signal began to
fluctuate and was then lost. The track was terminated after unsuccessful

gsearch.

Flow Kefs
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Fish Number 23

Chinook salmon 174 mm -
19 May 1982
?g jnffish number 23 was releasedygip observe daylight behavior during the

peak of the outmigration. It moved downstream at a steady rate until it
~Sireached the restricted zone, where it held up for almost 1/2 h before
moving dowm to the spillway for passage through Spill Unit 13. .

Flow Kcfs
Time 1300 14000 1500 1600
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Fish Number 24
Chinook chinook 152 mm
20 May 1982

This track was conducted on a clear evening with no wind. Fish number
24 moved with the drifting track boats until 375 yards from the spillway.
There 1t sounded and the signal could only be heard by the crew directly
over its position. When the signal picked up, the track proceeded to Spill
Unit 19 where the fish passed through the spillway.

Flow Kcfs
Time 1800 1900 2000
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Fish Number 25
Chinook salmon 155 mm

21 May 1982

Upon reléase ehid fish-soved slowly doimbbethecsovesod~the Washington
shore. After 1-1/2 h in the cove, it moved back into the river for rapid
movement down to and through Spill Bay number 13.

Ll Ll . ¢ Y

»

Flow Kcfs
Time 1800 1900 | 2000 2100 | 2200 2300
Total | 415.0 | 388.1] 379.8 | 386.6[ 404.0 | 380.5
Turbine 264.0 | 253.3| 226.9 | 235.3] 253.0 | 227.7
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4 spill 36 39 40 39 | 37 40
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Fish Number 26
Chinook salmon 163 mm
22 May 1982

Because of bad weather conditions this fish was released at Buoy A.
As the fish approached the dam, the spill was concentrated to the
powerhouse end of the spillwey. The fish moved directly to the spillway
for passage through Unit 13, :

Flow Kefs
Time 1900 ' 2000
Total 3764 3752
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Spill 150.4 F 150.4
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Fish Number 27

Chinook salmon 160 mm 5o 0

23 May 1982 e _ o

LA . ) - ARy Sl GiedK. beoo i inse g In nEya-osT
Fish number 27 made rdgilar progress. down thmfthe dam exd@pt for a

short 'stop in 'the cove 'bn the Washingtdn shore. )yt ifirst approachelftdiie

dam in the area above the empty turbine baysl then moved acrosé&§ aw

powerhouse to Turbine Bay 12. The fish then turned back toward” the -

spillway and moved to Spillbay 17 where it turned back toward the

powerhouse. When the fish was above Spillbay 19 it fell through the

gpillbay.

Flow Kefs
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Fish Number 28
Chinook salmon 154 mm
25 May 1982

Fish number 28 was released in the restricted zome well inte the
powerhouse flow to check the pulling effect of a concentrated spill on the
powetho& end of the spillway. The spill was not concentrated amd the
fish pagispd thyough the powerhouse at Turbine 8.

Flow Kefs
Time 2100 2200
Total 416.8! 418.5
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Fish Number 29 ,
Chinook salmon 167 mm
26 May 1982

Fish numberg29 waspgipleaseghyin, &t
powerhouse. With 36Z of the river

estricted zoge halfway across -the
split betwegn the ends of the

spillway, the fish was not moved to't'ébspill but passed through Turbine
Unit 8. " " ‘:ﬂ'ﬁ! ﬁ"’ il !! l‘m
o
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Fish Number 30
Steelhead 174 mm
2 June 1982

Pish number 30 moved downgtream on the Washington side of the river

1% 4fter a 1/2 h rest at the Washington shore cove.
end of the spillway,
through Spill Bay 2.

After reaching the north.

the fish heldup 2 hours before passing downstream

Flow Kcfs
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Fish Number 31
Chinook salmon 192 mm
3 June 1982

Fish number 31 was a slow moving fish. The track was terminated at
2325 h because of a lack of movement and worsening weather conditions.

Flow Kefs
LS QRPN 1
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Fish Number 32
Steelhead 131 mm
4 June 1982

Fish number 32 moved rapidly down to the powerhouse with crossover to

the Oregon side of the river about a km above the restricted zone.

track was terminated when the fish passed through Turbine Unit 7.

The

Flow Kcefs
Time 1700 ' 1800 1900 2000 | 2100
Total 299.9: 303.4 1 315.3] 291.2] 288.2
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% spill 26 26 25 27 28

Upper green barrej s

Lower green barre|s e

.John Day
River light

White barrel

WASHINGTON
s OUpper orange barrel
o 3
@ TN o«
_ o ’
W T 3
- Z
FLower orange barrel
OREGON

¥ Restricted zone sign

"Three culverts

0
dge of dam i*

thn Day Dam

2 Kilometers

Nautical miles




Fish Number 33
Chinook salmon 168 mm
5 June 1982

“1 I%uiiudé 'of “rough weather;’ f¥sh number 33 Wi#-‘release¥ at Buoy A.

Fﬁurty*&ﬁf&gh ercent of the total river flow vias being spilled through-.-
seven gates orn the powerhouse end of the spillway as the fish moved to Unié?j
15 and then to Unit 11 for passage. ‘

Flow Kcfsf
Time 2000 2100 |
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Chinook salmon 160 mm
6 June 1982

side of the river to the Oregom side during a period when the spill was
greater than 402 of the total river flow. The track was termipated.when
the fish passed through Turbine Unit 1. ‘

Flow Kefs
Time 1700 ° 1800 | 1900 2000 | 2100 2200
Total 361.21 349.7% 357.31 350.5] 386.01 393.1
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Z spill 41 4% | 42 | 42 38 38
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Fish Number 35
Chinook salmon 166 mm
7 June 1982
v R 1
Fish number 35 was released after dark to test night behavior. Spill
nojgathe time of release was greater than 40% of the total river flow. After

"moving downstream with no delay, the fish passed through Spill Bay number
5.

Flow Kefs
Time 2300 | 2400 { 0100 0200
Total 346.1| 337.4 | 346.9 | 342.6
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Fish Number 36
Chinook salmon 162 mm
8 June 1982

The track proceeded normally until the fish got down to the restricted
zone. There the signal was then lost for 1 h. The fish was found at the
face of the dam, and after spending 1 h at the face of the powerhouse the
fish passed through Turbine Unit 11.

Flow Kcfs
Time 1700 ' 1800 1900 | 2000 2100
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Fish Number 37
Chinook salmon 159 mm
9 June 1982

. the restricted zone this fish

At the time the fish passed

céntrated at 6 gates on ‘the
T roaeyt

fter, proceeding normally down to
delayed of an hour near the Washington s
through Spill Bay 17 the spill was &€
powerhouse end of the spillway.
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Flow Kefs
Time 1700 1800 | 1900 ! 2000 [ 2100 | 2200
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Fish Number 38
Steelhead 158 mm
15 June 1982

This

track demonstrated the reasons that chinook salmon were the

primary species studied this year. After the fish crossed the river and
moved upstream, the signal strength fluctuated and was eventually lost.
The track was terminated after an unsuccessful search.

Flow Kcfs
Time 1800 1900 2000 2100
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Fish Number 39
Chinook salmon 163 mm
16 June 1982

at> ofibis ;§ish moved to thggidam during g, period with less,than 20% spill.
- ijfjhe track was terminated when the fish passed through Turbine Unit 7.

Flow Kcfs
Time 1700 1800 | 1900 2000 | 2100
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Fish Number 40
Steelhead 169 mm
17 June 1982

Fish number 40 moved to the cove on the Washington shore where it
stayed until the track was terminated because of no movement.

Flow Kcfs
Time 1700 1800 { 1900 2000 | 2100
Total 416.2 | 441.2[ 426.5| 418.9] 419.9
Turbine 294,41 302.3] 298.1] 260.6| 244.4
Spill T271.71 138.2] 127.8| 157.8] 174.9
Z spill 29 31 30 38 42
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Fish Number 41
Steelhead 151 mm
17 June 1982

11 This steelheud moved to the powerhouse at Hnit 9, then-te the-Oregon
shore and upstream before returning te the pewerlicuse #6 pass threugh
Turbine Unit 4. The powerhouse flow during the time the fish was at the
dam was nearly 300 kcfs. ,

Flow Kcfs
Time 1700 1800 { 1900 2000 | 2100
Total 432.4 | 450.1] 448.3 | 443.6| 448.0
Turbine 289.3 | 291.2] 296.0 | 294.2] 296.3
Spill 182.5 ! 15830 N5E. 747 148.81 8150, 1
% spill 33 35 34 34 34
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Fish Number 42
Steelhead 172 mm
19 June 1982

This fish was released to observe daylight behavior, and the track was
terminated due to the lack of downstream movement. A monitor on the dam
indicated that the fish passed through the powerhouse on the morning of 20

June.

Flow Kecfs
Time 0400 0500 | 0600 0700 | 0800 0900 1000
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Fish Number 43
Chinook salmon 157 mm
20 June 1982

y to the dam for passage through the

spillway. when the fish passed through Bay 16.
Flow Kcfs
Time 2100 2200 2300
Total G32.9. 4 43904 443,0
Turbine 28T il 2880011112993
Spi1l 150.6 150. 4] 143.1
% spill 34 34 32
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