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INTRODUCTION

. Research conducted since construction of the Columbia River’s
Bonneville Dam Second Powerhouse in 1983 has shown 'that subyearling

- chinook salmon (Oncorhynchﬁs tshawytécha) migréting during'the

summer (mostly upriver bright stock, fall race), are not effectively
guided into the bypass sysﬁém froﬁ turbines equipped with
submersible traveling screens (STS). (Gessel et al. 1990). The
structural modifications resulting from’these research efforts have
increased guidance for yearlih§ salmonids migrating during the
spring from 19% to as high as 74%, whereas guidance for summer
migrants has remained poor (25%). Earlier studies of fish guidance
at the First Powerhouse, conducted during the spring, indicated that
guidance of juvenile salmonids into that powerhouse’s bypass system
was greater than at the Second Powerhouse; 72% for subyearling
chinook salmon, 76% for yearling chinook salmon, and 78% for
steelhead (Q. mykiss) (Krcma et al. 1982).

Previous studies by Holmes (1952) and Schoeneman et al. (1961)
indicgéed that turbine passage mortality at Columbia River
hydroelectric projects ranged from 10 to 15%. Schoeneman et al.
(1961) also estimated that mortality associated with spillway
passage was considerably less, apprqxiﬁately 2%,

To minimize turbine passage losses of summer migrants pending
resolution of the guidance problem at the Second Powerhouse, the
U.S. Army Corps of Engineers (COE) agreed, on an annual basis, to

restrict operation of the Second Powerhouse. Nighttime operation
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-{whén t;é,pre%éndérénbewof‘éiérénts pgssrthe‘dam)’waé"éliminated and .;
,viaYﬁime é§eration'ré5triéted té périodé nécessary to limit spiii to
2,124 nf/séé (7S;OOO‘ft°}seé) or. meet firm energy‘démaﬁds if energy
;ﬁég_ﬁég%ailéslg elsewhere in tgé power éystem. As a ie;ult) summer

--mig%;§£s ﬁsﬁalinga§Sed éqgheyilié Dam via the turbines and bypaés
é?éﬁéﬁ,of the fiﬁst Powerhaﬁsé and, when flow conditions aliéwed,
err ﬁhe sﬁillway.

The adequacy of the ihterim operating procedure for protecting

downstream migrant salmonids at Bonneville Dam was not directly
tested. There were several reasons to re-assess the passage
survival at Bonneville Dam: 1) turbines at dams where previous
survival studies were conducted had different physical features and
operating characteristics than the Second Powerhouse (differences in
elevation of the blade in relation to tailwater, dimension of
blades, and hydraulic head) (Appendix Table Al); 2) the Kaplan
turbines installed at the Second Powerhouse are more efficient (less
cavitation) than those previously studied at Bonneville First

Powerhpuse, and passage mortality is thought to be inversely related

to turbine efficiency (Smith 1961; Oligher and Donaldson 1965;

Cramer| 1965); and 3) survival studies sensitive enough to assess

small differences in survival had not been conducted at Bonneville

Dam since construction of spillway flow deflectors (installed to

reduce | dissolved gas supersaturation) or the Second Powerhouse and

bypass |system. Since initiation of this study, concurrent fish

guidance research conducted at both powerhouses during the summers

of 1988 and 1989 (Gessel et al. 1989, 1990) indicated that STSs at



tﬁe Second Poﬁérhéuse had higher gﬁidance percentages KZS%) ﬁhan
those at the First-Powerhoﬁge (8%); Hence, relative survival
information specific to the passage routes tested here is critically
needed faor management of power production in félatioh to fish

passage.
METHODS

Experimental Design
In 1987, the National Marine Fisheries Service (NMFS), in

cooperation with the U.S. Army Corps of Engineers (COE), began a
multi-year study to evaluate relative survival of subyearling fall
chinook salmon which have passed the Bonneville Dam Second
Powerhouse by way of the turbines, bypass, or spillway (Fig. 1).
Estimates of short- and long-term survival of marked chinook salmon
using various passage routes were calculated by comparing their
recovery percentages to recovery percentages of groups released in
the tailrace and in the river 2.5 km downstream. Short-term
relative survival was based on recoveries of marked fish 157 km
downstream from the dam at the head of the Columbia River estuary at
Jones Beach, River Kilometer (RKm) 75 (Fig. 2). Long-term relative
survival will be based on returns of tagged and branded adult fish
to ocean fisheries, Columbia River fisheries, and Columbia River
hatcheries. Secondary objectives of the estuarine sampling were

1) to evaluate the success of the release strategies (by assessing
recovery percentages), and 2) to identify possible differences among

treatment groups which might complement observations of recovery
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differences or reveal influences unrelated to passage effects (by
assessing descaiing; injuries, fish size, gill Na‘*-K' ATPase, feeding
habits, and migration behavior).

In 1989, as in the first 2 years of this study, test dates and
dam operational criteria were chosen to represent conditions
encountered by subyearling upriver bright fall chinook salmon
- migrating past Bonneville Dam. Test fish from Bonneville Hatchery
were specifically chosen because of their similarity to summer
migrants, availability, low probability of straying, and expected
high percentage of adult returns (based on previous return data).
Release locations for the bypass and turbine release groups were the
same as those in 1987 and 1988; the downstream release was made at
the 1988 mid-river location (Dawley ét al. 1988, 1989). 1In 1989,
for the first time, adequate river flows made it possible to test a

spillway passage route.

Test Fish
In 1989, about 2.2 million additional subyearlihg'upriver

bright fall chinook salmon were reared specifically for this
experiment at Bonneville Hatchery, operated by the Oregon Department
of Fish and Wildlife (ODFW). Test fish were the progeny of fall
chinook salmon (upriver bright stock) collected by ODFW personnel at
Bonnevillé Hatchery. Eggs from early-spawning adults were obtained
in November 1988 and fry were ponded in March 1989 to allow
sufficient rearing time to produce juveniles weighing 6.1 to 10.2 g
(45-75 fish/1lb) with mean fork lengths of 83.4 to 99.4 mm at

release; these fish were similar in size to those released in 1988.



Marking Procedures

Test fish were marked from 13 June to 21 July, Monday through
Friday, using two marking crews;fone\drew worked from 0600 to 1400 h
and the second from 1430 to 2230 h. About 60,000 fish were marked
each day. The experimental design called for 12 release lots for
each of 6 treatment groups, with each group consisting of about
30,000 £fish. Each marked group had unique coded-wire tags
(CWT) (Bergman et al. 1968) (Appeﬁdix»Table Bl). The CWTs were of
the new replicate format employing replicate codes 1, 2, and 3
(unpublished, Northwest Marine Tech., Shaw Island, WA). Cold Brands
(Mighell 1969) were used to visually identify fish from the
different treatment groups. A total of 24 different brands were
applied (Appendix Table Bl).

Prior to marking, ODFW personnel at Bonneville Hatchery
transported unmarked fish by truck from Batteries C and D to
Battery A. A marking trailer was set up at the north end of
Battery A, and fish were moved from Battery A to the holding tanks
im the trailer using dip nets, apportioned to the marking stations,
anesthetized with tricaine methane sulfonate (MS-222), and marked.
Marked fish exited the trailer via 7.6-cm (3 in) diameter PVC pipes-
that led to subdivided holding ponds in Battery A.

Three measures were taken to ensure that marked groups did not
differ in fish size, fish condition, rearing history, or mark
quality: 1) the six marked groups needed for one release lot (i.e.,
a single night’s release) were marked simultaneocusly; 2) the six

marking stations were dedicated to unique treatment groups; and



'3) aifferences in'mark guality aWong gEoups were WiHimiist by
’ gﬁtating fish ma;kers betweén statiods, suén thgﬁéach'ﬁa:kiﬁg {éam ‘
~con;ributed eqﬁivalent nﬁmbexsiéﬁﬂma;ked fish to each t:é@ﬁmeﬁi
gréﬁpf

To maintain qualityvcontrbl in the tagging preﬁess,vsamﬁies”ofxi
about 100 fish frqm each marked group were collected about,every
2 hours at the outfall pipe from the mérking trailer and checked for
CWTs. In addition, samples of about 10 fish from each marked group
were diverted into a separate holding pond at 2-hour intervals
throughout the marking day and held fbr_é.miﬁiﬁum of 30 dayé:to
determine tag loss and brand retention. Estimates of tag loss,
based on extended holding of samples of each marked release group,
ranged from 0 to 6.8% (® = 2.0%, SE = 0.3, n = 8,010; Appendix

Table Bl). Release data for juvenile and adult recovery comparisons

include a correction using estimated tag loss.

Release Locations
The specific release locations and rationales for 1989 were as
follows:

1) Upper Turbine--released in the intake of Turbine 17, just
downstream from Gatewell B, and 1 m below the intake ceiling
(elevation above sea level +6.5 m [21 ft]; Fig. 3). Ambient
water velocity at the site is about 0.6 m/sec (2.0 ft/sec);
derived from model studies conducted 7 Augus€ 1984 at the COE
Waterways Experiment Station (WES), Vicksburg, Mississippi

(personal communication, James Kuski, COE, Bonneville Dam,
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Figure 3.--Cross-section of Bonneville Dam Second Powerhouse
group.
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Cascade Locks, Qregon). fhis reiéasg was made without an STS in
pLécé to‘simuiate condiﬁiqns fish would encounter while passing
into an udscreened turbine intake at a depth where, under normal
opééa;ionA(i.e., STS in placef, they would have been intercepted
by‘an STS_ and shunted inté,the gatewéll and subsequently into the
bypass system. Fish entering from this location would generally
pass‘through the turbine near the blade hub (from model studies;
personal communication, Brian Moentenich, COE, North Pacific
Division, Portland, Oregon) and presumably suffer the least
injury from high shear forces and blade strike (Long and
Marquette 1964) .

2) Lower Turbine--released in the intake of Turbine 17, just
downstream from Gatewell A, and 1 m (3 £t) below the lowest
interception depth of the STS (elevation +0.2 m [0.7 ft];

Fig. 4). Ambient water velocity at the site is about 1.9 m/sec
(6.2 ft/sec) (Jensen 1987). This release was made with the STS
in place to simulate conditions fish would encounter while
passing into the middlé of_  the intake, below the STS. Fish
entering from this location pass through the turbine near the
middle of the blade and presumably suffer greater injury than
fish entering the upper turbine.

3) Bypass System--released in the bypass system collection-channel
(elevation +20.0 m [66 ft]; Fig. 5) just downstream from ﬁhe'
Turbine 17B orifice and upstream from the control weir, downwell,

and 90° elbow entrance to the 287-m (942-ft) long by 0.9-m (3-ft)
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diameter conduit which discharges fish into the tailrace about

76'm'(249 ft) downstream from the powerhouse (Fig. 6). Ambient

water velocity of the channel at thélrelease site is about

0.8 m/sec (2.6 ft/sec). The bypass system was regulated
automatiéally to maintain flows at anykcombination'of forebay.aﬁd
tailfaée waﬁer elevations. This release was made to simulate
conditions encountered by fish intercepted by an STS and shunted
into the bypass channel.

Frontroll--released in the tailrace of the Second Powerhouse in
the downstream portion of the Turbine 17 discharge boil, 30 m
(98 ft) downstream from the powerhouse and 46 m (151 ft) upstream
from the bypass system discharge (Fig. 6). Ambient surface water
velocity at the release site is about 1.4 m/sec (4.6 ft/sec)
downstream. Dye flushed from the frontroll release hose passed
directly through the discharge boil of the bypass system. Thus,
the frontroll release served as a reference group for assessing
effects of test fish passing through the turbines and bypass
system. Recoveries of fish releaggd at this site, when compared
to recoveries of the downstream release groups, isolate effects
of passage through the tailrace from effects of passage through
the turbine or bypass system.

Spillway--released through Spillbay 5 near the north end of the
spillway with eight additional gates open and a total water flow
of 1,500 m’/sec (53,000 ft’/sec; Fig. 7). Ambient water velocity
at the release site is about 4.9 m/sec (16 ft/sec). This release

was intended to simulate conditions that fish encounter when
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- Fish release Reservoir
bay 5
Flow deflectors in bays 4-15, 18

\ Bonneville spillway
0 2161 M 6] E D E R G 60 G2] G

Tailrace

Spill bays open

1 2 4 5 6 8 10 14 18
Height (m)
0.11.5 0.9 0.9 0.9 0.9 0.9 0.9 0.1

Flow (n?/sec) :
34 286 193193193 193 193 193 34

(1000ft3/sec) |
1.2 10.1 6.8 6.8 6.8 6.8 6.8 6.8 1.2

Figure 7.--Spill gate opening pattern, water flow, and fish release
location for the spillway treatment group.
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passing through a spillbay with an attached flow deflector (13 of
18 bays have deflectors) and through the stilling basin in a
tailrace current pattern which is similar to the established
adult attraction flows (spill patterns developed by Junge and
Carnegie, ODFW; repdrged'in a letter dated 11 Juﬁe 1975 to the
Portland District, COE). The adult attraction flow gate opening
pattern was altered to pass water from Spillbay 5 through the
tailrace basin directly downstream. This pattern was formulated
by examining various combinations of gate openings in the model
of Bonneville Dam at WES. Spillbay 5 was open 0.9 m (3 ft;

2 latches) to ensure the safety of fish passage under the gate
(Fig. 8). The tailrace surface elevation was maintained at 4.9 m
(16 £ft) to ensure that the Spillbay 5 discharge plume remained
near the surface and did not Aive into the energy dissipation
baffles. Prior to testing, spillway flow at Bonneville Dam using
the selected gate opening pattern developed at WES was examined.
The discharge from Spillbay 5 appeared to skim along the surface
over the top of the energy dissipation baffles and move directly.
downstream as observed in the model.

Downstream--released in mid-river, adjacent to the Hamilton
Island boat launch ramp, about 2.5 km (1.6 mi) downstream from
the dam (Fig. 1). This release was presumed to be downstream
from effects of the dam and away from predators inhabiting the
shoreline. Recoveries of fish released at this site, when
compared to those of other treatment groups, isolate the effects

of passage through the Second Powerhouse and tailrace, and the
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th

efzacts of passage over the spillway and tailrace. The

ot
)

_ downs-ream release site was selected because it is downstream

.‘f
4]

from bdth';he First and Second Powerhouée tailraces and the river
#eloci;y'ié about 50% greater-tﬁén thatlin‘tﬁe Sééond Pcﬁérhouse
ﬁailééce aloné (aboutli.4‘ﬁ/séc fq.GAft/seél at‘iest conditions
w:.th a river flow of 3,700 m/sec [130 K-ft'/sec]). High f£lows in
'thié area'woula‘likely disperse juvgniles"away from high
concentrations of piscivores. Large populations of northern

squawfish (Ptvchocheilus oregonensis) are typically found in

tailrace areas of dams and at hatchery release sites where salmon
smolts and other fishes are concentrated (Thompson 1959; Thompson

and Tufts 1967; Buchanan et al. 1981).

Project Operating Parameters
Turbines were operated at maximum efficiency for the available
hydraulic head, power demands, and river conditions during the
June-July test period. On release days, Second Powerhouse
Turbines 11, 16, 17, and 18 were started at about 2400 h (2‘to

3 hours before fish releases) and operated at 66-67 MW electrical

load until about 0800 h. Second Powerhouse discharge during tests
ranged from 1,600 to 1,900 m'/sec (57 to 68 k-ft’/sec), and operating

head was 17.9 to 20.4 m (59 to 67 ft; Appendix Table B2).!

Effective head for Turbine 17 is about 0.4 m (1.3 £ft) less than the

! Flow data, operating conditions, and water temperatures at time of
release for 1988 and 1987 are presented in Appendix Tables B3 and
840
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operating head due to occlusion by trashracks, debris, and water
resiééance past the intake structure (personal cqmmunicafion,xErian
Moentenich, COE, ﬁorth Pacifié Division, Poftland, Oregon)._ Under»l
these cpnditions, the'sigmavvaried from 0.76 to 0.96 and the
calculated effi&ienc& of the turbine remained nearly consﬁant at
92.5% (from model studies data; Allis-Chalmers 1978).

Spillbays 1 and 18 were open continuously for adult salmon
attraction; bays 2, 4, 6, 8, 10, and 14 were opened at 2400 h to
increase tailwater elevation and begin stabilizing the tailrace flow
pattern. To protect the release hose apparatus, Spillbay's was not
opened until 0200 h. At about 0300 h Spillbay 5 was closed (30 min

after fish release). Other spillbays were closed at 0800 h.

Release Procedures

On 12 days during the period from 22 June to 22 July, releases
of about 30,000 marked fish were made at the six release sites
during early morning darkness. The release schedule was advanced
1 week from that originally proposed due to projected low river-
flows which threatened cancellation of the final spillway releases.
The release days were selected to 1) coincide with the migration of
juvenile upriver bright fall chinook salmon past Bonneville Dam,
2) provide sufficient time for marking yet not require more than
15 days holding prior to release, and 3) avoid high water-
temperatures typical in late July and August. Three lots of marked
fish were released in each of four time-series: 22-24 June,

6-8 July, 13-15 July, and 20-22 July.
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The release sequence (hour of release) for the Second Powerhouse
treatment groups was varied according to the schedule in Appendix
Table BS5. Upper turbine or lower turbine groups wefe paired
alternately with bypass or frontroll groups, and two simultaneous
releases were made at each of two times, about 0200 and 0230 h.
These pairings were chosen so that the pattern of fish entering the
tailrace would be.similar at each release time. The turbine release
groups entered the tailraceAfrom the turbine discharge boil which
dispersed fish over a large area (ca. 700 m* [7,800 ft?]); these were
termed broadcast releases. The spillway release--a broadcast
release into the spillway tailrace--was made at 0230 h. The bypass
and frontroll groups entered the tailrace directly from a pipe or
hose; these were termed point-source releases. The truck containing
the downstream group was driven to the Hamilton Island boat launch
ramp and driven aboard a 20-m (66-ft) vessel (an LCM landing craft
provided by the COE). At about 0300 h, the landing craft moved to
mid-river and held position while the fish were released (point-
source release).

All releases except at the downstream site were made from the
transport trucks using 7.6-cm (3-in) diameter smoothbore plastic
hoses to carry the fish to the release point. The cam and groove
type release-hose fittings were chamfered. Vertical distances from
transport trucks to the water surface were about 6, 6, and 9 m (20,
20, and 30 ft), respectively, for turbine, spillway, and bypass
releases. The vertical drop through the frontroll release hose was

7.5 m, and test fish fell an additional 4 m (13 ft) from the
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suspended hose End:fo the tailwater ‘surface. The downstream release
was made through a lS—cm diaméter smoothbofe'plasﬁic_hose with a 1-m
vertical drop from which fish fell 1.5 m to the water surface. Hose
discharge velocities were calculated to bé 4;9, 3.7, 7.0, 4.0, 6.7,
and 4.9 m/sec (16, 12, 23, 13, 22, and 16 ft/sec), respectively, foi'
upper turbine, lower turbine, bypass, frontroll, spillway, and
downstream releases. Velocity differences between water exiting the
release hoses and the surrounding water were calculated to be less
than 6.3 m/sec (21 ft/sec). The lowest differential velocity shown
to cause mortality of .juvenile éaimbnids in-laboratory tests was

15 m/sec (50 ft/sec; Groves 1972).

Recoveries at Jones Beach

Assessment of short-term relative survival among release groups
was made from comparisons of marked fish‘recovered near the upper
boundary of the Columbia River estuary at Jones Beach (Fig. 9).
Detailed description of the sampling site and the fishing gear may
be found in Dawley et al. (1985, 1988, 1989).

Sampling was conducted by 2 to 4 crews, 7 days per week, 8 to
16 hours per day, beginning at sunrise (Appendix Table Cl). Both
éurse seines (mid-river) and beach seines (Oregon shore) were used
about every 4th day to determine whether study fish were captured in
greater numbers in mid-river or near shore (Fig. 9). On other days,
the gear-type shown to catch the greatest number of study fish was
used by all crews. Beach seining was limited to the Oregon shore.

In 1987, most study fish (smaller than in 1988-89) migrated in
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shoreline areas, prompting additional beacg seining on Puget island
and Washington shoreline sites.

Ail Eapturéd fiéh‘were piéceéséd‘aSQafa‘tﬁéﬂpdrséiSein; &ésséls.
.. The catch from each seine set was‘agésthgpizéQ'Q§iﬁg a $c1t£i9n~of'
ethyl-pwaﬂinobenzoate. Subyearling chinook salﬁoﬁ'werg examined for
excised adipose fins, brands, Aescaling, aﬁd injury. Fork lengths
of marked fish were recorded to the nearest mm. Brand information,
fork length, and associated sampling data (i.e., vessel code, gear
type, date, set number, timg of examination) were immediately
entered into a computer databaééband printed.

Brands were used to identify study fish for collecting CWTs,
obtaining biological samples, comparing fish size among treatment
groups, and adjusting the daily sampling effort to attain the
desired minimum sample of 0.5% of release without overly impacting
non~-study fish. All branded fish (including those with an illegible
brand) were sacrificed to obtain CWTs which identified treatment
group and day of release. Adipose clipped fish with no visible
brand were released (3,310 total).

The heads of branded fish containing CWTs were removed and
placed in jars onboard the vessels; heads from beach seined fish
were kept separate from those of purse seined fish. At the end of
the day, a 40% solution of potassium hydroxide was added to the jars
to dissolve the head tissue. A magnetic stirring rod was then
placed in the jar and agitated on an electric stirrer to extract the
CWTs from the slurry. The stirrin§ rod, with attached CWTs, was

then placed in a sonic agitator bath of vinegar for cleaning. All
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CWTs were decoded and léter verified using a 45X disseéting
microscope. Additional details of tag processing are presented in
Appendix D. |

Purse seine catch data from 26‘June'thr§ugh 3 August.wére
standardized to represent an 18 set-per-day effort. Few fish were
captured after 3 August, and effort was reduced during the final
week of sampling; data from this period were not included in the
standardized data set. Dates of median fish recovery for each
marked group were determined using the standardized data. Movement
rates for each CHWT group were calculated as the distance from the
downstream release site (RKm 232) to Jones Beach (RKm 75) divided by
the travel time (in days) from release date to the date of median

recovery.

Na‘'~K' ATPase Analysis

Samples of about 20 fish were periodically sacrificed at the
hatchery and at Jones Beach to measﬁre gill Na'-K' ATPase activity
(micromoles ATP-hydrolyzed per mg protein per hour). Gill Na‘*-K'
ATPase activity is considered a useful index for assessiﬁé the
degree of smoltification of juvenile salmon in the hatchery and
after migration to the estuary (Zaugg and McLain 1970). In the
hatchery, samples were taken beginning 18 April and every 2 to
3 weeks thereafter through mid-June. At release, samples were
collected on the middle day of each of the four release series. At
Jones Beach, samples were taken on 1, 15, 20, and 28 July, targeting

groups released during each of the four release series. All
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anaiyses were performed by W. Zaugg and staff, NMFS, Cook,

‘Washington.

lbiel.Sa@pl;ngf
Diel purse seiné'sampling‘dég condhcféd dﬁ;ing two pefiods:
20-21 July andv29-30 July. Dates for sampling were seieétea ﬁd
correspond to thevapproximate dates of the peak catches forAthe

second and third release series.

Stomach Fullness and Diet Composition

Selected CWT-fish, collectedvprimarily during diel sampling,
were examined to assess possible differences among treatments in
stomach fullness. For this evaluation, stomachs were excised
(esophagus to pyloric caeca); cleéned of external fat; and a
fullness value, based on the proportion of the total stomach length
containing food, was estimated. A scale of 1 to 7 was used to
quantify the fullness as follows: 1 = empty, 2 = trace of food,
3 = one-quarter full, 4 = half full, 5 = three-quarters full,
6 = full, and 7 = distended full (Terry 1977). Stomachs appearing
empty were opened for examination, and a value of 2 was assigned if
traces of food were observed. Selected stomachs were preserved in
10% buffered formaldehyde solution for determination of content
weight and composition. Holding time prior to fullness observations
was about 35 minutes.

Diet composition was obtained from samples of preserved stomachs
used for fullness evaluation. Stomachs were opened longitudinally,

the contents scraped onto a screen, blotted from beneath, allowed to
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air dry for about 1 minute, weighed to the nearest 50 pg, and washed
from the'screen.into a watch glass with a 703% solution of ethyl
alcohol for examination. Alk stomachs from the same purse seine set
were pooled. Organisms were identified to the lowest practical
taxa; insects were further separated by metamorphic stage. 1In
samples containing large numbefs of cladocerans (>1,000), total

numbers were estimated using weight.

Statistical Analysis

Differences among recovery percentéges for each tagged;group at
Jones Beach were evaluated by analysis of variance (ANOVA) using a
randomized block design where each release day was considered a
block (Sokal and Rohlf 1981). Transformations of percentages were
not required. Differences among descaling percentages of branded
groups were also evaluated using ANOVA. Fisher’s protected least
significance procedures were used to rank treatment means for
significant F-tests (Petersen 1985). Chi-square goodness of fit was
used to test the hypothesis that different marked groups released
the same day had equal probability of capture through time (Zar
1974) . Chi-square was also used to test the hypothesis that each
treatment group had equal probability of capture during darkness.
Paired t-tests were used to evaluate the hypothesis that time (h) of

release did not affect recovery percentages.
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RESULTS

In 1989, a total of 2, 166 715 fish were marked with freeze
brands”and CﬁTs, and by excision of the adlpose fin (Table 1)
total of ’8 385 study fish were. recovered in. the estnary (ca O 3%
of those released), most were mid-river mxgrants capturedd w1th purse
seines (Appendix Table C2). Handling mortality of recovered fish

was less than 0.5%.

Migration Behavior and Fish Condition

Statistical analysis of migrational timing differences among
treatment groups released on the same day showed no significant
difference for 11 of 12 release lots (a = 0.05), and no difference
when the results of the individual tests were pooled (P = 0.2257;
Appendix E). Temporal catch distribution of treatment groups
released each day are presented for visual comparison in Figures 10
and 11 and Appendix Figures Cl and C2.

Movement rates of study fish from the release site at Bonneville
Dam to Jones Beach ranged from 15.7 to 26.2 km/day (9.8 to
16.3 mi/day; Table 2); these rates were similar to those observed in
1988. Movement rates of the first four release-lots decreased as
flow decreased (Appendix Fig. C3); however, later groups showed
steadily increasing migration rates--probably a function of
increased size at release. Comparison of fork length distributions
of study fish at release to those at Jones Beach suggest that all

groups grew during migration (Fig. 12). In contrast to the apparent



Table 1l.--Summary of releases of marked subyearling chinook salmon,
Bonneville Dam survival study, 1989.

Number released

Marking Release Wire tag
dates date Brand* Total® Untagged® Tagged® code
: ’ (AG D1 D2)°

Upper turbine releases

07-09 June 22 June RD>H1 30,086 968 29,118 23 26 56
09-14 23 RD>H1 30,096 969 29,127 23 28 04
14-16 " 24 " RD>H1 30,075 968 29,107 23 28 16
19-21 " 06 July RD>H3 30,090 571 29,519 23 28 28
22-24 " 07 RD>H3 30,116 572 29,544 23 28 41
24-28 " o8 = RD>H3 30,120 572 29,548 23 28 52
28=-30 " 13 " LD>H1 30,106 543 29,563 23 31 01
06-08 July 14 " LD>H1 30,085 543 29,542 23 31 13
08-11 " 15 " LD>H1 30,118 543 29,575 23 31 25
11-14 " 20 " LD>H3 30,136 0 30,136 23 31 37
14-17 " 21 " LD>H3 30,072 0 30,072 23 31 49
17-19 " 22 " LD>H3 30,120 0 30,120 23 31 61
Subtotals: 361,220 6,249 354,971

Lower turbine releases

07-09 June 22 June - RD>K1 30,075 599 29,476 23 26 59
09-14 23 " RD>K1 30,071 599 29,472 23 28 07
14-16 " 24 " RD>K1 30,048 598 29,450 23 28 19
19-21 " 06 July RD>K3 30,067 358 29,709 23 28 31
22-24. " 07 RD>K3 30,056 358 29,698 23 28 42
24-28 " og " RD>K3 30,104 359 29,745 23 28 55
28-30 = i3 " LD>K1 30,082 476 29,606 23 31 02
06-08 July 14 " LD>K1 30,096 477 29,619 23 31 14
08-11 = 18 " LD>K1 30,113 477 29,636 23 31 26
11-14 20 = LD>K3 30,108 203 29,905 23 31 38
14-17 2y " LD>K3 30,092 203 29,889 23 31 50
17-19 = 22 " LD>K3 30,120 203 29,917 23 31 62

Subtotals: 361,032 4,910 356,122
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Table 1l.-=-Continued.

Number released

Marking Release 4 Wire tag
dates date Brand®* Total® Untagged® Tagged® code

(AG D1 D2)°

Bypaés releases

07-09 June 22 June RD>L1 30,086 985 29,101 23 26 61
09-14 v 23 0" RD>L1 30,100 986 29,114 23 28 08
14-16 " 24 ™ RD>L1 30,059 984 29,075 23 28 21
19-21 06 July RD>L3 30,115 360 29,755 23 28 32
22-24 " 07 RD>L3 30,107 360 29,747 23 28 44
24-28 * og " RD>L3 30,102 360 29,742 23 28 56
28-30 " 3 " LD>L1 30,092 483 29,609 23 31 04
06=-08 July 14 " LD>L1 30,108 484 29,624 23 31 16
08-11 "» 15 = LD>L1 30,138 484 29,654 23 31 28
11-14 * 20 " LD>L3 30,133 644 29,489 23 31 41
14-17 » 21 " LD>L3 30,108 644 29,464 23 31 52
17-19 " 22 " LD>L3 29,832 638 29,194 23 32 01
Subtotals: 360,980 7,412 353,568

Frontroll releases

07-09 June 22 June RD>Ul 30,094 1,291 28,803 23 26 62
09-14 " 23 " RD>U1 30,081 1,291 28,790 23 28 11
14-16 " 24 " RD>U1 30,072 1,290 28,782 23 28 22
S 19-21 " 06 July RD>U3 30,067 425 29,642 23 28 35
22-24 " o7 RD>U3 30,072 425 29, 647 23 28 47
24-28 " o8 " RD>U3 30,098 425 29,673 23 28 59
28-30 " 3 " LD>U1 30,121 852 29,269 23 31 07
06-08 July 14 " LD>Ul 30,099 852 29,247 23 31 19
08-11 " 5 " LD>Ul 30,113 852 29,261 23 31 31
11-14 " 20 " LD>U3 30,165 378 29,787 23 31 42
14-17 " 21 " LD>U3 30,116 377 29,739 23 31 55
17-19 " 2 " LD>U3 30,121 377 29,744 23 32 02

Subtotals: 361,219 8,835 352,384
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Table l.--Continuedﬂ

Number released

Marking Release ‘ Wire tag
dates date Brand® Total® Untagged® Tagged® code
‘ (AG D1 D2)*

Spillway releases

07-09 June 22 June RD>V1 29,996 2,034 27,962 23 28 01

09-14 " 23 " RD>V1 30,083 2,040 28,043 23 28 13
14-16 " 249 " RD>V1 30,061 2,039 28,022 23 28 25
19-21 " 06 July RD>V3 30,089 945 29,144 23 28 37
22-24 " 07 " RD>V3 30,089 945 29,144 23 28 49
24-28 " og " RD>V3 30,079 945 29,134 23.28 61
28-30 " 3 " LD>V1 30,089 269 29,820 23 31 08
06-08 July 14 " LD>V1 30,113 269 29,844 23 31 21
08-11 " 5 " LD>V1 30,122 269 29,853 23 31 32
11-14 " 20 " LD>V3 30,116 558 29,558 23 31 44
14-17 " 21 " LD>V3 30,092 558 29,534 23 31 56
17-19 " 2 " LD>V3 30,267 561 29,706 23 32 04
Subtotals: 361,196 11,432 349,764

Downstream releases

07-09 June 22 June RD>X1 30,086 349 29,737 23 28 02
09-14 " 23 " RD>X1 30,083 349 29,734 23 28 14
14-16 " 24 " RD>X1 30,070 349 29,721 23 28 26
19-21 06 July RD>X3 30,051 661 29,390 23 28 38
22-24 " 07 " RD>X3 30,035 661 29,374 23 28 50
24-28 " 08 " RD>X3 30,061 661 29, 400 23 28 62
28-30 " 13 " LD>X1 30,089 430 29, 659 23 31 11
06-08 July 14 " LD>X1 ..30,119 431 29,688 23 31 22
08-11 ™ 15 " LD>X1 30,125 431 29, 694 23 31 35
11-14 " 20 " LD>X3 30,140 68 30,072 23 31 47
14-17 " 21 " LD>X3 30,094 68 30,026 23 31 59
17-19 " 22 " LD>X3 30,115 68 30,047 23 32 07
Subtotals: 361,068 4,526 356,542
Totals 2,166,715 43,364 2,123,351

* Brand position RD (right dorsal) or LD (left dorsal) followed by the
letter brand symbol; the numbers 1 or 3 indicate brand rotation.

Total fish marked; branded, tagged, and adipose fin clipped.

Based upon a subsample of branded fish held post-release in the
hatchery for a mimimum of 30 days (see Appendix Table Bl for data).
Number marked minus tag loss estimate.

AG D1 D2 = coded-wire tag codes for Agency, Data 1, and Data 2; all
tags were in replicate format, utilizing sequentially applied codes 1,
2, or 3.
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Figure 10.--Daily recoveries of test fish by treatment (standardized
for effort) at Jones Beach, 1989. Data shown are from the
groups released on the middle day of the first two release
series.
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Table 2.--Movement rates from Bonneville Dam to Jones Beach for marked
groups of subyearling chinook salmon, ‘Bonneville Dam survival
study, 1989.

Movement rate (km/day)®

Release Upper Lower Bypass Flow
date® turbine turbine system Frontroll Spillway Downstream Mean (K-ft’/sec)®

22 Jun 22.4  22.4  26.2  19.6 22.4 22.4 22.6  128.4
23 Jun  17.4  17.4  22.4  17.4 26.2 17.4 19.7  128.4
24 Jun 17.4  19.6  15.7  15.7 17.4 15.7 16.9  126.5

6 Jul 15.7  15.7  15.7  15.7 15.7 15.7 15.7  111.4

7 Jul 17.4 17.4  15.7  17.4 17.4 15.7 16.8  111.0

8 Jul 17.4  15.7  15.7  17.4 15.7 17.4 16.5  111.0
13 Jul  17.4 17.4  17.4  17.4 17.4 17.4  17.4  100.9
14 Jul 19.6  19.6  19.6  19.6 17.4 19.6 19.2  100.9
15 Jul 17.4  22.4 17.4  17.4 17.4 15.7 17.9  99.1
20 Jul 22.4 22.4 22.4 22.4 22.4 22.4 22.4 95.9
21 Jul 22.4  22.4 22.4  22.4 22.4. 22.4 22.4  101.1
22 Jul 26.2 22.4  26.2  22.4 26.2 22.4 24.3  101.5

® Purse seine recoveries standarized to an 18 set per day effort (Appendix
Table C2). Movement rate = distance from the downstream release site
(RKm 232) to recovery site (RKm 75) + travel time in days from release to
median fish recovery.

®* Fish released during early mornxng darkness.

° Average flow through Bonneville Dam within 4 days of the date that the
median fish was captured; by convention, English units were used for
river flow volumes (K-ft’/sec = 1,000 ft’/sec = 28.3 m’/sec).
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loss of smaller-sized fish in 1983} there was no.indication that
smaller fish dropped out of the population during migration to Jones
Beach in 1989. 1In addition, there were no indications of temporal
differences relative to size of fishtamong treatment groups after
recovery at Jones Beach (Figs. 13 and 14).

In the hatchery, Na'-K' ATPase activity of study fish peaked on
12 June, about 7 weeks later than in 1988, with a mean Na'-K®' ATPase
activity of 15.3 (SE = 0.84; Fig. 15). Following marking, holding,
and transfer to the dam, Na'-K' ATPase activities declined somewhat
from the peak observed in the hatchery (# = 14.2, SE = 1.68). After
migration to Jones Beach, the Na‘'-K' ATPase activity was higher
'(x = 29.8, SE = 1.34); the average increase in activity was 15.6 for
the paired samples from each of the four release series. The
elevated activity following release and migration to the estuary was
similar to elevations observed following release in previous years.

Descaled test fish recovered at Jones Beach ranged from 1.2 to
2.0% of the total recovered, and there were no significant

differences among treatments (a = 0.05, Table 3; Appendix E).

Diel Recovery Patterns
During the two diel sampling periods, about 6% of the recovered
marked fish were captured during darkness (in about 27% of the total
sets; Appendix Table C3). There were no significant differences
among treatments in daylight/darkness catch ratios (Chi square =
4.266, 5 df;‘P = 0.5118). Catches were highest at sunrise,

fluctuated through daylight hours, and were lowest at night
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recovered at Jones Beach comparing treatments from the
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Table 3.--Numbers of descaled test fish among treatment groups
of subyearling chinook salmon recovered at Jones Beach,
Bonneville Dam survival study, 1989.

Recoveries
Upper Lower Bypass
- turbine - turbine system Frontroll Spillway Downstream
Release T ‘ . i
dates* - No. %° No. % No. §% No. % No. % No. %

22-24 June 2 0.41 0 0.00 0 0.00 0 0.00 0 0.00 2 0.47
6- 8 July 7 0.81 15 1.77 9 1.04 11 1.16 5 0.52 8 0.92
13-15 July 8 1.20 23 2.88 9 1.32 17 2.08 12 1.46 29 3.39

20-22 July 19 2.41 18 2.43 15 1.94 11 1.44 25 2.45 14 1.46

Total

descaled 36 56 33 39 42 53
Total

recovered® 2,815 2,768 2,730 2,979 3,283 3,101
Mean (%)* 1.28 2.02 1.21 1.31 1.28 1.71
* Fish released during early morning darkness.

* % = (number of descaled fish recovered + total number recovered) X 100.
° Total fish with legible brands.

4

Mean descaled = (total descaled branded fish recovered + total branded
fish recovered) X 100.
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(Fig. 16). This diel pattern of recovery was similar to that
reported previously for subyearling chinook salmon during May and

June at Jones Beach (Dawley et al. 1986).

Stomach Fullnggs and Diet Composition

Based on examination of selected marked fish for stomach
fullness, study fish were feeding by the time they arrived at Jones
Beach. Stomachs were generally about half full in fish collected
during daylight hours; this finding is consistent with observations
at Jones Beach in past years (Dawley et al. 1986). Feeding activity
appeared to peak at sunset, then declined steadily throughout the
night (Fig. 16). Althéugh these data were useful since they suggest
normal feeding behavior by the test fish, sample sizes were too
small to meaningfully assess differences in fullness among

treatments groups.

Analysis of stomach contents showed Insecta and Crustacea were
the dominant prey items identified in the diet of the test fish
(Appendix Table C4). Of these two groups, Diptera and Cladocera
were the mosf éommon.taxa. This finding is similar to that observed.
previously in subyearling chinook salmon recovered at Jones Beach
(Kirn et al. 1986). Although numbers of prey items fluctuated
considerably, there were no apparent diel differences in diet

composition.

Juvenile Recovery Differences
Statistical analyses of CWT-fish recoveries at Jones Beach

(Appendix E) indicated that there were significant differences
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(¢ = 0.05) in mean recovery percentages among the various treatment

groups (Table 4). Rank order (from lowest to highest) was bypass,
lower turbine, upper turbine, frontroll, downstream, and spillway,
with mean recovery percentages of U.BO,“0;83, 0.83, 0.86, 0.91, and
0.96, respectively. Recovery percentages for the spillway groups
were significantly greater than all the other groups except the
downstream groups. Recovery percentages for the downstream groups
were significantly greater (a = 0.05) than recovery percentages for
the bypass and turbine groups, but not different from the frontroll
groups. The differences in reCOVéry percentages of the frontroll,
turbine, and bypass groups were not significant.

The release schedule was advanced by 1 week which forced
sampling in conjunction with dredging operations along the Jones
Beach reach, which extended to 5 July. These complications resulted
in lower than anticipated sampling effort for the first release
series and lower recovery percentages than for other releases.
Purse seine recovery data, standardized to an 18-set per day effort
(Appendix Table C2) was also statistically analyzed. Conclusions
regarding differences among mean recovery percentages derived from
the standardized data were similar to those reached from the raw
data (Fig. 17).

Since it was not possible to release all Second Powerhouse
treatment groups simultaneously (i.e., upper turbine, lower turbine,
bypass, and frontroll), the effect of release time on recovery

percentage was evaluated statistically (Appendix E). We compared
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Table 4.--Recovery percentages of tagged subyearling chinook salmon
at Jones Beach, Bonneville Dam survival study, 1989.

Release Upper Lower . Bypass _
date* turbine turbine system Frontroll Spillway Downstream
22 June® 0.5151 0.4309 0.5361 0.5277 0.6187 0.3262
23 " 0.5631  0.4581  0.4809  0.5314  0.5456  0.5583
24 " 0.5634 0.4992 0.4746 0.5351 0.5745 = 0.4576
6 July 1.1315 1.0367 0.9578 1.1706 1.0877 1.0684
7 " 1.0493 1.0842 1.045S 1.1131 1.2215 1.1337
8 = 0.9984 0.9682 1.0255 - 0.9773 1.0881 1.0408
3 " 0.8355 0.8917 0.8511 1.0181 0.9691 1.0385
14 - 0.7887 0.9217 0.8574 0.9745 0.9282 1.0476
15 = 0.8419 0.9650 0;6778 0.9159 1.0183 1.0103
20 " 1.0154 0.8527 0.9732 0.9501 1.1909 1.1073
21 " 0.8613 0.8900 0.8689 0.8541 1.1140 1.1090
22 " 0.7935 0.9092 0.8598 0.7968 1.1681 0.9751
Mean** 0.8298 0.8256 0.8007 0.8637 0.9604 0.9061
Total »
released’ 354,971 356,122 353,568 352,384 349,764 356,542
Total
recovered’ 2,950 2,943 2,836 3,051 3,375 3,230

* Fish were released during early morning darkness.

* The release schedule was advanced by 1 week which forced sampling in
conjunction with dredging operations along the Jones Beach reach, which
extended to S July. These complications resulted in lower than
anticipated sampling effort for the first release series and lower
recovery percentages than for other releases.

° Weighted equally by block (i.e., by release day).

‘ Empirical standard error -iqMSE + n; MSE (mean square error) from
randomized block ANOVA; n = number of blocks; SE = 0.0224, all treatments.

®* Adjusted for tag loss.

Observed catch, purse seine plus beach seine.
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Mean recovery pertentages
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Figure 17.--Mean recovery percents, both observed catch and catch
standardized for sampling effort, for treatment groups of tagged
subyearling chinook salmon following migration to Jones Beach,
Bonneville Dam survival study, 1989. Recovery percentages of
groups identified by a common number in the "significance™ row
are not significantly different from one ‘another at a = 0.05.
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the 12 lots of recovery data (i.e., by release date) for differences
between first and last release times (0200 vs. 0230 h). The null
hypothesis (i.e., there was no siénificant difference betﬁeen
recoveries from first vs. igst releasés) was not rejected for two
point-source reieases (bypass and frontroll) (t = -1.1147,

P = 0.2887), and two broadcast releases (upper and lower turbine)

(t = 0.7037, P = 0.4962). (Note: The data uéed for the analysis‘of
release~-time effect for the 1988 study [Dawley et al. 1989] were
incorrect and subsequent analysis indicated that, as in 1989, there
were no significant differences in first and last recoveries of

point-source or broadcast releases).

Adult Recoveries

Tag data from adult recoveries were compiled for 2-year-old
precocious males (jacks) released as subyearlings in 1987 and
recovered in 1988. The total number (256) was not sufficient to
meaningfully evaluate statistical difference among treatments. We
expect to receive tag data from 3-year-old fish (1987 release) and
2-yr-old fish (1988 release) recovered at BOnneviliE Hatchery and
from the river fishery starting about February 1990. When those

data are compiled, a preliminary analysis will be prepared.
DISCUSSION

Multi-year Comparisons
The completion of juvenile releases and estuarine recoveries in

1989 marked the first opportunity to evaluate multi-year differences



in relative survival among the passage routes. Although these data
should be viewed with caution, since adult returns are considered
the ultimate measure of survival and hence passage success, some
important trends were apparent (Table 5). Perhaps the most
important of these were 1) test fish passing through the bypass
system were recovered in significantly lower percentages than fish
passing through the turbines, 2) upper vs. lower turbine releases
showed no significant differences, ahd 3) spillway-released test
fish had the highest recovery percentages (1 year of data only).

An important factor to consider when evaluating these data,
particularly the between-year differences observed in bypass
survival in relation to the other routes of passage, is the effect
of tailwater height. Water velocity within the 0.9-m (3-ft)
diameter bypass conduit increases from abéut 7.6 m/sec (24.9 ft/sec)
at 5 m (16.4 ft) tailwater elevation to about 8.3 m/sec
(27.2 ft/sec) at 3 m (9.8 ft) tailwater elevation (personal
communication, Richard Waits, COE, Portland District, Portland,
Oregon). If direct or delayed mortality was a function of inéreased
velocity in the conduit, then the substantially higher tailwater
elevations during tests conducted in 1989 (5.0 to 5.3 m [16.4 to
17.4 ft] compared to 2.7 to 4.1 m (8.9 to 13.5 ft] for 29 of 32
total releases in 1987 and 1988), would have resulted in reduced
velocity in the conduit, and higher recovery percentages in relation
to other passage routes. Fish released into the bypass did have
higher relative recovery percentages in 1989 compared to 1987 and

1988. However, the first three releases in 1988 were conducted with
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Table 5.--Summary of juvenile recovery percentages and percentage

differences among selected groups,

Bonneville Dam survival

study, 1987-1989.
Combined comparisons*
Treatment 1987 1988 . 1989 (1988-89) (1987-89)
Percentages recovered’
Bypass 0.5764* 0.4376! 0.8007* 0.6191! 0.6118%
Upper turbine 0.6402%2 0.5024? 0.8298! 0.6732% 0.6673%
Lower turbine 0.6528% 0.5104° 0.8256* 0.6680° 0.6654°
Frontroll nt® 0.5095* 0.8637%2 0.6866* -d
Downstream 0.5567° 0.5690° 0.9061%*? 0.7376° -
Spillway nt nt 0.9604° - -
Percentage difference from bypass?®
Upper turbine 117 15* 4 9* 9*
Lower turbine 13» 17» 3 8* 9*
Frontroll nt 16> 8 11* -
Downstream ® 30* 13~» 19* -
Spillway nt nt 20* - -
Percentage difference from frontroll®

Bypass - -14~* -7 -10* -
Upper turbine - -1 -4 -2 -
Lower turbine - 0 -4 -3 -

Frontroll
Spillway

Percentage difference

from downstream

i

nt
nt

=10* -5
nt 6

-T*

* Combined using 5, 12, and 12 replicate blocks for 1987, 1988, and 1989,

Upper turbine group in 1988 had one missing block.

* In a given year, or combination of years, the same superscript number
indicates no significant difference in recovery percentage (ANOVA,

respectively.

a = 0.095).

Mean recovery percentages are weighted by date of release--

different from the means weighted by number of fish used in 1987 and 1988

annual reports.

° nt = not tested.
‘ Incomplete data.
®* The downstream release in 1987 was made at the shoreline.
lower recovery percentages of that treatment led to an a posteriori
decision to not use these data for assessing relative survival of the
treatments which were released away from the shoreline.
f Calculated using annual means for recovery percent of bypass (BY):
[(BY% - treatment$%) <+ BY%] x 100.
? Asterisk indicates significant difference at o = 0.05,
* Calculated using annual means for recovery percentage of frontroll (FR):
((FR% - treatment%) + FR%] x,100.

+ DS%] = 100.

Subsequently,

Calculated using annual mean for recovery percent of downstream (DS):
((DS% - treatment3)
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tailwater elevations ranging from 4.3 to 4.6 m (14.1 to 15.1 £ft),
and recovery differences among test groups released on these days
were no different from recovery differences of the bypass fish
groups observed at lowerAtailwater elevations and thus higher
conduit water velocities.

Increased tailwater elevation in 1989 also increased submergence
and decreased the hydraulic head of the turbine blade which
theoretically should increase turbine passage survival (Bell et al.
1981). Results of this study showed a non-significant 3-4% decrease
in relative recovery percentage for turbine groups compared to
frontroll groups (Table 5). However, flow through the turbine was
altered to maintain maximum efficiency (range 92 to 92.5%) during
all tests. This was based on the work of Oligher and Donaldson
(1965) and Bell et al. (1981) who concluded turbine efficiency was
positively correlated with fish survival. Accordingly, the
influence of tailwater height on these results is unknown.

Fish passihg through turbines close to the hub of the blade are
believed to have the highest survival potential compared to those
passing by other areas of the blade. The basis of this difference
is the lower probability of the blade striking a fish, and lower
shear forces (Long and Marquette 1964). At Bonneville Dam Second
Powerhouse, water passing through the upper portion of the turbine
intake, where upper turbine test fish were released, éasses closest
to the hub (personal communication, Brian Moentenich, COE, North
Pacific Division, Portland, Oregon). Thus, comparison of relative

survival of the upper turbine and lower turbine releases should have
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provided a measure of this theoretical survival difference.
However, recovery percentages over all 3 years of this study
indicated no significant differences; the difference between lcwer
and upper turbine recoveries for the combined data was less than
0.5%. Since the potential for being struck by’a blade can be
mathematically related to fish size (Monten 1955; Von Raben 1257),
diffe;ences in survival related to turbine passage location at
Bonneville Dam may be more apparent in larger fish such as vearling
salmonids.

An important objective of the study that was addressed for the
first and only time in 1989 was the assessment of relative survival
of fish passing Bonneville Dam via the spillway. Recovery
percentages of spillway-released groups in the estuary were hicher
than all other released groups and even exceeded the downstream
groups in 9 of 12 instances. Among the more likely explanations Zfor
the higher recoveries from the spillway groups compared to the
downstream groups were that 1) the spill caused high turbulence and
flow such that test fish (and potential predators) were widely
dispersed upstream from the downstream release location and
2)'squawfish predation immediately downstream from the spillway was
lower than in the Second Powerhouse tailrace. With regard to 2), we
believe the minimal operation of the spillway prior to testing
(2.5 hours prior to and 5.5 hours after release, with no spill on
non~test days) provided little incentive for predators to inhabiﬁ
the spillway tailrace. 1In codtrast, during the second half of the

survival study, the Second Powerhouse turbines were operated 6 hcurs
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per night for fish guidance studies (being conducted by other
researchers) 3 or 4 days in advance of survival study releases and
likely attracted mdre predators (Appendix Table F1).

Comparison of multi-year differences among recovery percentages
of selected release groups can be used to estimate effects of
different passage routes on overall passage survival. For example,
differences between recovery percentages of the frontroll groups
(released 30 m downstream from the dam) and the groups which passed
through the Second Powerhouse provide an estimate of the effects of
turbine and bypass passage on survival. As shown in Table 5, mean
recovery percentages of bypass-, upper turbine-, and lower turbine-
passage groups (combined data from 1988 and 1989) were 10, 2, and 3%
lower, respectively, than the frontroll groups. Likewise,
comparisons of differences between recovery percentages of the
frontroll groups and the downstream groups provide an estimate of
the effects of passage through the 2.5 km of tailrace and river
downstream from the Second Powerhouse on survival. The 1988 and
1989 combined mean recovery percentégés of frontroll-released fish
was about 7% lower than the combined mean recovery percentages of
downstream released fish.

Differences in recovery percentages between groups released at
the Second Powerhouse and downstream groups increased through time.
For marked lots from the first two release series, recovery
percentages of groups released at the dam exceeded the downstream
groups in 11 of 24 comparisons; this occurred in 0 of 24 comparisons

during the last two 8 release series. A similar pattern was evident
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in 1987 and 1988 (Appendix Tables Gl and G2). One explanation for
this pattern is there may have been greater predation on test fish
by squawfish during the later release periods. Several factors
support this possibility: 1) pOpulations of predators may have
increased along with waterflows through the Second Powerhouse as a
result of fish guidance effiéiency tests conducted during the second
half of the survival study releases (Appendix Table F1);

2) Uremovich et al. (1980) reported a decline in squawfish abundance
in the vicinity of Bonneville Dam during June and early July
followed by a rapid increase in abundahce in mid-July and August;

3) Vigg et al. (1988) reported that June is the spawning period for
squawfish in the John Day reservoir and that while spawning,
squawfish consume less food; and 4) food consumption increases with
increased water temperature (Vigg et al. 1988). All of these
factors probably contributed to a situation in which the later
release lots may have been subjected to higher predation than
earlier lots, and the downstream groups may have escaped this
predation by being released in fast-flowing water downstream from
the dam.

In 1989, movement rates of study fish to the estuary were
similar to those observed in 1988, which were two to three times
faster than in 1987. Since river flows (Appendix Fig. C3) and the
degree of smoltification (as indicated by levels of Na'-K' ATPase
activity in fish prior to release and at reco&ery in the estuary)
were similar in all 3 years, the increased rates of migration in

1988 and 1989 were probably due to the larger size of the test fish
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and their tendency for mid-river migration. As a consequence of the

slower migration and smaller size, we suspect that 1987 study fish
were subjected to more predation in fresh water resulting in lower
survival to the ocean.

Significant differences in percentages of descaled fish among
treatment groups (from estuarine recoveries) were not observed in
1989 or any previous year. Moreover,’the low cbserved prevalence
(generally less than 3%) of descaled fish was consistent with
previous observations of hatchery fish recovered at Jones Beach
(Dawley et al. 1986). Taken together with the knowledge that not
all descaled fish die and that fish showing signs of scale
regeneration are frequently recovered at Jones Beach, these data
suggest that descaling was not a serious problem at any of the dam

passage routes.

Assumptions
Between 1966 and 1983, the recovery percentages of downstream
migrant salmonids in the estuary were used to estimété relati&e
survival (Dawley et al. 1986). However, to make the transition
between recovery percentages and survival in the present study
several assumptions were made. Some of those assumptions are as
follows:
1) Release groups were identical except for the treatment (e.g.,
size, health, degree of smoltification, and handling).
2) Errors in mark application and identification were minimal

compared to treatment differences.

.
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3) Differences in release procedures among treatments had minimal
effect on survival (e.g., release-hose hydraulic head and exit
conditions) compared to treatment differences.

4) Differences in release time into the tailrace had minimal effects
on survival coméared to treatmenfndifferences.

5) Differences in vertical and lateral distribution within the river
downstream from the downstream release site had minimal effects
on survival compared to treatment differences.

6) Probability of recovery was equal for all treatment groups

(groups were thoroughly mixed as they passed the sampling site).

In the present study, we feel confident that these assumptions
were met. Care was taken to mark all treatments simultaneously and
to provide identical handling after marking. Release conditions
were standardized to the extent possible and differences appear
minor. Among groups released the same day, there was little
evidence of differences in riverine/estuarine distribution, timing,
or fish size or condition at recovery:

1) In 1987, beach seine catch results from three beach sites
(Oregon, Washington, and mid-river island shorelines) showed that
there was no statistical difference between sites for the
proportions of each treatment recovered (Chi-square = 11,896,

P = 0.2920;/Appendix E).

2) Statistical evaluation of recovery timing differences among
treatments indicated no difference for 1988 or 1989 (data pooled

by year), but in 1987, two of five data blocks were significantly
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different (a = 0.05; Appendix E); we have no explanation for this

apparent departure from the expected recovery distribution.

3) There was no apparept difference in daily mean fork lengths,
descaling, or injuries among treatments throughout the 3 years
of estuarine sampling.

These fesults appear to confirm adequate mixing of study fish at

Jones Beach, with the possible exception of some 1987 recoveries.

Data Relevance

Although the results of the first 3 years of this study
indicate a bypass-associated survival problem at the Second
Powerhouse, juvenile assessment is only one component of the
overall assessment--the results from adult recoveries are equally
important. Also, point estimates were made which only relate to
effects on hatchery fall chinook salmon passing Bonneville Dam
during the summer of 3 years when operation of the Second
Powerhouse and spillway was limited. Test fish size and behavior,
predator populations, and tailrace conditions may influence
survival of fish using the different passage routes, and could
alter the relative survival differences found in this study.

Passage survival of subyearling chinook salmon taken directly
from the hatchery may not be representative of survival of highly
smolted, river-run migrants or yearling-sized fish. Smolted fish
are generally more sensitive to handling stress than non-smolted
fish, and any physical trauma during passage might have more

profound effects on the survival of actively smolting fish. Also,

.

*
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larger yearling salmonids may exhibit survival differences during
passage through the dam compared to the smaller subyearling fish we
tested. This suﬁnosition is based on 1) the assumption that larger
fish are less llkely to be preyed uncn ;f d;sorlented ‘ollowlng dam
passage: (theorlzed from prey size selectlvzty of squawflsh Poe et -
al. 1988); 2) the results of previous studies that indicate that
shear force injuries decrease in relation to fish size, within the
salmonid smolt size range (Groves 1972); and 3) the findings of two
previou; turbine survival studies in which different-sized fish
were released and survival percentages were compared. In both of-
these studies, the estimated survival percentages were greater for
larger fish, although not significantly so (i.e., 91 vs. 88%
estimated survival for yearling chinook salmon, about 125 mm fork
length, vs. subyearling chinook salmon, about 60 mm--size inferred
from testing date--passing through Kaplan turbines at Big Cliff Dam
[Schoeneman et al. 1961]; 96.7 vs. 93% estimated survival for
steelhead, about 175 mm fork length, vs. coho salmon, about 120 mm,
passing through bulb turbines at Rock Island Dam [Olson and
Kaczynski 1980]). Also, larger fish theoretically have a greater
probability of injury from blade strike and cavitation injury
because of their larger body size (Monten 1955; McGrath 1956).
Another consideration is that, at water flows different from
those tested, the effects of passage through the tailrace may be
considerably different due to differences in fish migration routes

and the size and location of predator populations. However, model
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studies at WES, comparing water flow direction and velocities for
an eight-turbine operation vs. the four-turbine operation (Appendix
Figs. H1 and H2), indicated only slight differences at the location
of fish releases. Accordingly, we would anticipate that migration
routes through the tailrace basin would be similar at both flows.
Additional model studies of flow patterns using dye with the eight-
or four-turbine configuration (personal communication, John
ferguson, COE, Portland District, Portland, Oregon) indicated 1) at
both flows, dye released at locations of test fish releases did not
move into the middle area of the tailrace where there was a large
back eddy and 2) effects of increasing the turbine flow from four
units (as used in this study) to eight units caused water flows

- from the release locations to travel closer to the Washington
shoreline. Velocity measurements made at Bonneville Dam in March
1988 (four turbines operating) provided data similar to model data
(Appendix Figs. Il and I2). Thus, the increased flow resulting
from an eight-turbine operation could have a negative rather than
positive impact on survival, assuming that heavierAprédatioh would

occur in association with nearshore migration.
CONCLUSIONS

The following conclusions are based on 3 years of estuarine
recoveries of juvenile salmonids released at Bonneville Dam. It
cannot be over emphasized that these conclusions are valid only for

the species and size of fish tested (subyearling chinook salmon)
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and the dam passage conditions and river environment which occurred

during testing. Other fish species or other sizes of chinook

salmon passing through the dam at other times of the year may have

substantially different survival levels. Mdreover, these

conclusions are preliminary pending assessment of treatment group

differences among adults recovered over the next 5 years.

1)

2)

3)

Recovery differences among treatment groups appear to represent

passage survival differences; marking, release, and recovery

procedures did not influence recovery differences; assumptions

which could be assessed were met and, on the basis of
consistency of annual recovery patterns, we believe unassessed
assumptions were likewise met.

Estuarine sampling of juvenilesrprbvided recovery data to make
statistical comparisons among treatment groups that are as
sensitivé as comparisons from expected adult recovery data; the
lack of differences in catch distributions among treatment
groups suggests uniform sampling of all treatment groups.
Results from the’estuarine'sﬁmpling suggest that transporting
the downstream release groups from the shoreline (site used in
1987) to mid-river (site used in 1988 and 1989) provided a more
appropriate comparison group to groups released at the dam. The
shoreline releases in 1987 were apparently more severely
impacted by predators inhabiting shoreline areas .than those
groups released at the dam in mid-river locations. The change

in release site was an important improvement in experimental
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design and allowed us to estimate mortality in the river

~ immediately downstream from the Second Powerhouse and Spillway.

4)

5)

6)

7)

8)

1)

Fish released in the bypass had significantly lower survival
than all other treatment groups.

Differences in survival between lower and upper turbine releases
were not detectable.

The decrease in recovery percentage associated with passage
through the téilrace downstream from the Second Powerhouse was
of greater magnitude than the decreases associated with passage
through the turbines, particularly for fish released after early
July. We speculate that predation by squawfish is the causative
factor.

Fish released through the spillway had a significantly higher
mean recovery percentage than fish passing through the Second
Powerhouse turbines or bypass system (based on data from 1989
only) .

Few descaled study fish (less than 3% of the total) were
captured at Jones Beach, and there was no apparent relationship

with the treatments tested.
RECOMMENDATIONS

Tag recovery data from adults should be compiled through 1994 to
obtain the maximum amount of data for assessing passage survival

differences.
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2) Comparisons of juvenile recovery data to adult recovery data
should be made.

3) Researéh should be initiated immediately to determine the causes
of apparent diminished survival resulting from passage through

the Bonneville Second Powerhouse bypass system.
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Appendix Table Al.--Physical and operational characteristics of turbines at
Bonneville Dam’s Second and First Powerhouses and McNary

Dam.*
Parameter Bonneville Second Bonneville First McNary
Runner submergence (ft) =18 to -53 -5 to -40 =23 to =30
(in relation to tailwater)
Horsepower 110,000 74,000 111,300
@ 60’ head @ 60’ head @ 80’ head
Discharge (ft’/sec) 17,600 12,300 14,000
@ 60’ head ‘ @ 60’ head @ 80’ head
Runner type Kaplan Kaplan Kaplan
Number of blades 5 5 6
Runner dim. (£ft) 27.5 23.3 23.3
Runner speed (RPM) 69.2 75 85.7
Specific speed® 137.4 122.2 119.5
@ 60’ head @ 60’ head @ 80’ head
Percent efficiency®(%) 92.5 90.8 90.0
@ 60’& 110,000 hp @ 60’& 74,000 hp @ 80’'& 111,300 hp
Sigma‘ (@ 65°F) 0.93 0.70 0.76
@ 60’& TW=14' @ 60’, TW=14' @ 80’, TwW=260’

For ease of understanding, these data are in English units; most data from COE,
North Pacific Division, Portland, Oregon.

Calculated from the following: Specific Speed = (RPM xd hp) /Head*!.

Data derived from Figure 8~02.1 of expected prototype performance of Bonneville
Second Powerhouse (Allis-Chalmers 1978), from Exhibit 2, and Exhibit 6 (Bell
1981) for Second Powerhouse, First Powerhouse, and McNary Dam, respectively.

(Atmospheric) (Water Vapor) (CL runner elev - TW elev)

Plant Sigma (6) = ( pressure ) ~ ( pressure ) ~ ( pressure differential )
Head Pressure

Where CL = center line and TW = tailwater.
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APPENDIX B
Marking and Release Information: Tag Loss Estimates,

Test Conditions, and Release Sequence
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Appendix Table Bl.--Tag loss estimates among branded groups of subyearligg
chinook salmon after a 30-day holding period, Bonneville
Dam survival study, 1989.

CWTs*
Release
dates Brand® AGD1D2 AGD1D2 AGD1D2  Sample __ NCWT!
size’ No. %
Upper turbine releases
22-24 Jun RD>H1 232656 232804 232816 373 12 3.2
6= 8 Jul RD>H3 232828 232841 232852 369 7 1.9
13-15 Jul LD>H1 233101 233113 233125 = 333 6 1.8
20-22 Jul LD>H3 233137 233149 233161 330 0 0.6
Lower turbine releases
22-24 Jun RD>K1 232659 232807 232819 352 7 2.0
6= 8 Jul RD>K3 232831 232842 232855 252 3 1.2
13-15 Jul LD>K1 233102 233114 233126 316 5 1.6
20=-22 Jul LD>K3 233138 233150 233162 297 2 0.7
Bypass releases
22-24 Jun RD>L1 232661 232808 232821 275 9 2.5
6= 8 Jul RD>L3 232832 232844 232856 251 3 1.2
13-15 Jul LD>L1 233104 233116 233128 187 3 1.6
20-22 Jul LD>L3 233141 233152 233201 234 5 2.1
Frontroll releases
22-24 Jun RD>U1 232662 232811 232822 443 19 4.3
6~ 8 Jul RD>U3 232835 232847 232859 425 6 1.4
13=-15 Jul LD>Ul 233107 233119 233131 389 11 2.8
20-22 Jul LD>U3 233142 233155 233202 480 6 1.3
Spillway releases
22-24 Jun RD>V1 232801 232813 232825 236 16 6.8
6= 8 Jul RD>V3 232837 232849 232861 223 7 3.1
13-15 Jul LD>V1 233108 233121 233132 224 2 0.9
20-22 Jul LD>vV3 233144 233156 233204 270 5 1.9
Downstream releases
22-24 Jun RD>X1 232802 232814 232826 432 S 1.2
6- 8 Jul RD>X3 232838 232850 232862 455 10 2.2
13-15 Jul LD>X1 233111 233122 233135 420 6 1.4
20-22 Jul LD>X3 233147 233159 233207 444 1 0.1

Totals 8,010 156

CWT = coded wire tag; where AG = agency code, Dl = data 1, D2 = data 2.
Brand position RD (right dorsal) or LD (left dorsal) followed by the
letter brand symbol; the numbers 1 or 3 indicate brand rotation.

Number of branded fish checked for the presence of coded-wire tags.
NCWT = Number of branded f£ish in the sample with no coded wire tag.

[ 4




Appendix Table B2.--Flow data, operating conditions, and water temperatures at the times of release for the

12 release dates of the Bonneville Dam survival study, 1989.°

Second Powerhouse Turbine 17 Spillway
Bypass

Forebay Tailwater Wicket Blade Plant Estim. downwell Tailrace River

elev, elav, Flow Flow®* Load Head gate angle sigma’ effic.® elev. elev, Flow temp.

Date (ft) (ft) (k' £t’/s) (k'£t’/s) (MW) (ft) (%) (°) (0) (%) (ft) (ft) (k'ft’/s) (°F)
22 Jun 173.17 17.3 58° 14.4 63 56.4 71 20.2° 1.04 92.5 56.5 16.6 53.0 62
23 Jun 75.0 16.4 60° 15.0 64 58.6 7 20.8° 0.99 92.5 57.0 15.5 53.0 63
24 Jun 73.3 17.3 57 14.2 63° 56.0 71 20.1° 1.05 92.5 56.0 16.0 53.0 63
6 Jul 74.2 16.8 64.5 15.3 68 57.4 76 23.0° 1.02 92.5 56.0 15.7 53.0 66
7 Jul 74.4 17.0 67.5 15.2 67 57.4 74 22.1° 1.02 92.0 55.5 16.0 53.0 66
8 Jul 73.1 17.0 65.6 15.2 66 56.1 76 22.7° 1.04 92.0 56.0 16.0° 53.0 66
13 Jul 74.5 16.5 60.2 14.2 64 58.0 72 20.4° 1.00 92.5 57.0 15.6 53.0 67
14 Jul 74.0 17.2 56.8 14.8 65 56.8 73 21.5° 1.03 92.5 57.0 16.3 53.0 67
15 Jul 74.1 17.1 58.0 14.7 65 57.0 73 21.6 1.03 92.5 56.0 16.1 53.0 67
20 Jul 74.2 16.8 65.0 14.6 66 57.4 74 21.8 1.01 92.5 56.5 16.2 53.0 68
21 Jul 74.4 17.0 64.0 14.6 64 57.4 72 20.8 1.02 92.5 56.5 16.3 53.0 69
22 Jul 74.5 16.8 61.6 64 57.17 72 20.3 1.01 92.5 56.5 16.1 53.0 68

14.6

Plant Sigma (0) = (

Where:

1978).
¢ Estimated.

(Atmospheric)

pressure )

( pressure

)

English units are used for selected parameters by convention.
Discharge calculated from Figure 8.1-1 of Bonneville Second Powerhouse model test report, Allis-Chalmers (1978).
_ (Water Vapor) _

(CL runner elev - TW elev)
pressure differential )

(

Head Pressure
CL = center line and TW = tailwater.
Data derived from Figure 8-02.1 of expected prototype performance of Bonneville Second Powerhouse (Allis-Chalmers
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Appendix Table B3.--Flow data, operating conditions, and water temperatures at the times of release for
the 12 release dates of the Bonneville Dam survival study, 1988.°

Second Powerhouse Turbine 17 Bypass :

Forebay Tailrace Plant Estim. downwell River

elev. elev. Flow Flow® Load Head sigma® effic.® elevation temp.
Date (ft) (ft.) (k' £t’/s) (k'£t’/8) (MW) (ft) (o) (%) (£t) (°F)
27 Jun 73.7 15.0 62.4 14.7 67 58.7 0.98 92.5 u* 65
28 Jun 4.7 14.2 60.5 14.2 67 60.1 0.94 92.5 u 65
29 Jun 74.8 14.3 60.1 13.9 67 60.5 0.94 92.5 u 66
30 Jun 74.7 12.2 57.8 13.9 67 62.5 0.87 92.5 u 66
1 Jul 74.4 10.7 56.6 13.4 67 63.7 0.83 92.5 u 66
2 Jul 75.9 10.5 55.1 13.5 67 65.4 0.81 92.5 u 66
13 Jul 75.2 13.5 55.2 13.6 66 61.7 0.90 92.5 u .67
14 Jul 75.5 12.3 54.8 13.4 66 63.1 0.87 92.5 u 66
15 Jul 75.7 12.2 54.8 13.3 66 63.5 0.86 92.5 55.0 66
22 Jul 75.5 12.4 55.2 13.4 66 63.1 0.87 92.5 58.0 69
23 Jul 76.1 11.0 54.4 13.1 66 65.1 0.82 92.5 58.0 69
24 Jul 76.5 9.6 51.2 12.8 66 66.9 0.77 92.5 58.0 69

English units are used for selected parameters by convention.
Discharge calculated from Figure 8.1-1 of Bonneville Second Powerhouse model test report, Allis-Chalmers
(1978) .

(Atmospheric) _ (Water Vapor) _ (CL runner elev - TW elev)
Plant Sigma (6) = ( pressure ) { pressure ) ( pressure differential )

Head Pressure
Where: CL = center line and TW = tailwater.

Data derived from Figure 8-02.1 of expected prototype performance of Bonneville Second Powerhouse
(Allis-Chalmers 1978).
Bypass downwell regulated automatically and elevation unknown.
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Appendix Table B4.--Flow data, operating conditions, and water temperatures
at the times of release for the 20 release dates of the
Bonneville Dam survival study, 1987.°

Second Powerhouse Turbine 17

Forebay Tailrace Plant Est. River

elev. elev. Flow Floww Load Head sigma® effic.® temp.

Date (£t)  (£r) (k'£t’/3) (k' £t’/s) (MW) (£ft) (o) (%) (°F)
24 Jun 74.4 10.1 55.6 13.4 66 64.3 0.81 92.5 64
25 Jun 74.9 12.8 57.8 13.8 66 62.1 0.89 92.5 65
26 Jun 75.6 12.6 60.7 13.6 66 63.0 0.87 - 92.5 65
27 Jun 75.1 12.1 60.0 13.6 66 63.0 0.86 92.5 68
28 Jun 75.0 11.3 59.7 13.5 66 63.7 0.84 92.5 66
1 Jul 75.7 13.5 57.6 13.7 66 62.2 0.90 92.5 69
2 Jul 75.6 13.1 57.3 13.7 66 62.5 0.88 92.5 69
3 Jul 76.5 12.5 56.0 13.4 66 ~ 64.0 0.85 92.5 68
4 Jul 76.4 11.1 54.8 13.2 66 65.3 0.82 92.5 68
5 Jul 76.1 10.3 54.8 13.1 66 65.8 0.80 92.5 67
8 Jul 75.2 10.0 56.0 13.2 66 65.1 0.80 92.5 66
9 Jul 75.8 12.1 56.2 13.5 66 63.7 0.85 92.5 66
10 Jul 75.5 12.1 56.7 13.5 66 63.4 0.86 92.5 66
11 Jul 75.5 13.1 57.6 13.8 66 62.4 0.89 92.5 67
12 Jul 76.1 11.1 55.9 . 13.4 67 65.0 0.82 92.5 68
15 Jul 75.6 12.6 57.8 13.6 67 63.0 0.87 92.5 69
16 Jul 75.7 12.5 57.5 13.6 67 63.1 0.87 92.5 69
17 Jul 76.1 12.4 §7.0 13.6 67 63.7 0.86 92.5 69
18 Jul 76.0 10.8 54.9 13.1 66 65.2 0.81 92.5 69
19 Jul 76.2 10.3 55.0 13.2 67 65.9 0.80 92.5 69

* English units are used for selected parameters by convention.
* Discharge calculated from Figure 8.1-1 of Bonneville Second Powerhouse model
test report, Allis-Chalmers (1978).
¢ (Atmospheric) _ (Water vapor) _ (CL runner elev - TW elev)
Plant Sigma (o) = ( pressure ) ( pressure ) ( pressure differential )
Head Pressure

Where: CL = center line and TW = tailwater.
¢ pata derived from Figure 8-02.1 of expected prototype performance of Bonneville
Second Powerhouse (Allis-Chalmers 1978).



72

Appendix Table BS5.--Hour and sequence of releases used during the Bonneville
Dam survival study, 1989.

First release Second release

Date (0200 h) (0230 h)
22 June Lower turbine & Bypass Upper turbine & Frontroll & Spillway
23 Upper turbine & Frontroll Lower turbine & Bypass & Spillway
24 Lower turbine & Frontroll Upper turbine & Bypass & Spillway

6 July Upper turbine & Bypass Lower turbine & Frontroll & Spillway
7 Lower turbine & Bypass Upper turbine & Frontroll & Spillway
8 Upper turbine & Frontroll Lower turbine & Bypass & Spillway

13 Lower turbine & Frontroll Upper turbine & Bypass & Spillway

14 Upper turbine & Bypass Lower turbine & Frontroll & Spillway
15 Lower turbine & Bypass Upper turbine & Frontroll & Spillway
20 Upper turbine & Frontroll Lower turbine & Bypass & Spillway
21 Lower turbine & Frontroll Upper turbine & Bypass & Spillway

22 Upper turbine & Bypass Lower turbine & Frontroll & Spillway




APPENDIX C

Recovery of Juveniles: Sa'xtxpling Effort and River Conditions,
Daily Recoveries (Raw Data and Data Standardized for Effort),
Diel Patterns, and Diet Composition
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Appendix Table Cl.--Daily purse seine and beach seine £fishing effort, water
temperatures, and Secchi disk turbidity measurements at
Jones Beach during the Bonneville Dam survival study,

1989. ‘
Number of sets Temp. Secchi Number of sets Temp. Secchi
Date Purse Beach °C m Date Purse Beach °c - m
19 Jun 0 3 —-—-" - 16 Jul 25 0 19 1.2
20 Jun 0 9 -— —— 17 Jul 20 2 19 0.9
21 Jun 0 6 -— - 18 Jul 12 0 19 0.9
22 Jun 5 3 16 1.2 19 Jul 22 2 18 0.9
23 Jun 2 3 16 1.3 20 Jul 27 0 19 0.9
24 Jun 3 0 18 0.9 21 Jul 21 0 19 -—
25 Jun 0 0 —— —— 22 Jul 17 2 19 0.9
26 Jun’® 7 2 17 -— 23 Jul 14 0 19 1.1
27 Jun 6 0 18 0.9 24 Jul 21 0 19 1.1
28 Jun 11 0 18 0.9 25 Jul 12 3 20 1.1
29 Jun 18 0 16 0.9 26 Jul 18 0 19 1.1
30 Jun 12 4 18 0.8 27 Jul 23 0 19 1.1
1 Jul 14 0 18 0.9 28 Jul 23 1 19 1.1
2 Jul 18 1 17 0.9 29 Jul 24 0 19 0.9
3 Jul 19 0 18 0.9 30 Jul 31 0 19 1.2
4 Jul 5 0 17 1.1 31 Jul 9 2 19 1.4
5 Jul 11 0 16 0.9 1 Aug 9 0 19 1.2
6 Jul 6 6 18 0.9 2 Aug 4 3 19 1.4
7 Jul 8 0 17 0.9 3 Aug 4 0 19 1.5
8 Jul 12 0 18 1.1 4 Aug 3 0 20 1.4
9 Jul 6 5 19 0.9 5 Aug 3 0 19 1.4
10 Jul 8 0 19 0.9 6 Aug 1 2 20 1.2
11 Jul 26 0 19 0.9 7 Aug 2 1 19 1.2
12 Jul 14 0 18 1.1 8 Aug 1 0 21 1.2
13 Jul 26 2 18 0.9 9 Aug 1 0 20 —_—
14 Jul 17 0 19 1.1 10 Aug 1 0 19 1.1
15 Jul 29 0 19 0.9 11 Aug 1 0 19 1

-—- = data not available.
® First recovery of study fish.




75

Appendix Table C2.--Daily recoveries, recoveries standarized for effort, dates

of median fish recovery, and movement rates to Jones Beach

of marked groups, Bonneville Dam survival study, 1989.
Release date = 22 June (Julian 173)
Treatments* |
Tag code (AG D1 D2)° ,
Date UT : LT . BY FR SP DS
of 23 26 56 23 26 59 23 26 61 23 26 62 23 28 01 23 28 02
recovery N° A° N A N A N A N A N A
26 Jun 7 18 7 18 9 23 5 13 8 21 2 5
27 16 48 12 36 15 45 13 39 15 45 11 33
28 25 41 19 31 29 47 20 33 29 53 18 29
29 18 18° 16 1eé° 27 27 20 20 19 19 16 16°
30 Jun 2t 3 7T 11 4 6 8 12° 812 3 5
1 Jul 6 8 5 6 '8 10 7 09 1w 1 - 6 8
2 9 9 9 9 13 13 10 10 12 12 4 4
3 11 10 9 9 3 3 9 9 9 9 3 3
4 7 25 S 18 1 4 3 11 5 18 2 7
5 Jul S 8 3 5 6 10 7 11 7 11 5 8
6 2y 6 1, 3 1l 3 40 12 3 9 3a 9
7 2 5 1 2 3 7 1 2
8 1 2 4 6 1 2 4 6 2 3
9 3w 9 1 3 20 6 1 3
10 Jul 3 7 1 2 1 2 4 9 2 5
11 1 1 1 1 3 2 2 1 8 6
12 2 3 6 8 5 6 2 3 5 6 3 4
13 9 6 5 3 3 2 8 6 5 3
14 1 1 3 3 1 1 2 2 1 1
15 Jul 7 4 3 2 8 5 9 6 11 7 3 2
16 2 1 1 1 3 2 3 2 3 2
17 1 1 1 1l 1 1
18 1 2 1 2 1 2
19 2 2 1 1 5 4 2 2
20 Jul 4 3 1 1 1 1 4 3 2 1 3 2
21 1 1 1 1 1 1 1 1
22 1 1 2 2
23 1 1 1 1
24
25 Jul
26 1 1
27 1 1
28
29
30 Jul 1 1 1 1
31 1 2
1 Aug
2
3
NA? 2 2 3 1 0 2
Totals® 150 234 127 198 156 224 152 220 173 264 97 151
Mvmt rate' 22.4 22.4 26.2 19.6 22.4 22.4



Appendix Table C2.--Continued

76

Release date = 23 June

(Julian 174)

Treatments
Tag code (AG D1 D2)
Date UT LT BY FR SP DS
of 23 28 04 23 28 07 23 28 08 23 28 11 23 28 13 23 28 14
recovery N A N A N A N A N A N A
26 Jun 1 3 1 3
27 12 36 2 ] 9 27 9 27 13 39 14 42
28 18 29 20 33 25 41 17 28 27 44 22 36
29 19 19 22 22 18 18 27 27 21 21° 24 24
30 Jun 6 9 3 5 Sar 8° 8u 12 6@ 9 2 3
1 Jul S 6 7 9 5 6 6 8 8 10 9 12°
2 14 14° 12 12° 8 8 5 5°¢ -9 9 12 12
3 11 10 9 9 11 10 S S 9 9 9 9
4 8 29 2 7 2 7 5 18 3 1 9 32
5 Jul 6 10 4 7 10 16 8§ 13 7 1 6 10
6 2 6 1l 3 2y 6 1 3 3 9 8 24
7 2 5 1 2 2 S 2 5 2 5
8 4 6 1 2 S 8 2 3 1 2
9 W 2 6 3 9
10 Jul 2 5 5 11 1 2 3 7
11 3 2 4 3 4 3 5 3 2 1
12 2 3 1 1 1 1 5 6 2 3 2 3
13 10 7 2 1 6 4 11 8 3 2 2 1l
14 4 4 1 1 3 3 2 2 2 2
15 Jul 13 8 20 12 11 7 8 5 12 7 10 6
16 3 2 - 8 6 4 3 7 L] 3 2 4 3
17 1 1 1 1 2 2 2 2 1 1
18 4 6 1 2 2 3 1 2 2 3
19 2 2 2 2 1 1 2 2 2 2 4 3
20 Jul 6 4 3 2 5 3 4 3 2 1 4 3
21 2 2 2 2 1 1 1 1
22 3 3 4 4
23 1 1
24 1 1
25 Jul 1 2
26 1 1
27
28 1 1
29
30 Jul
31 1 2
1 Aug 1l 2
2
3
NA 3 2 1 2 3 6
Totals 164 227 135 154 140 186 153 213 153 209 166 254
Mvmt rate 17.4 17.4 22.4 17.4 26.2 17.4
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Appendix Table C2.--Continued

Release date = 24 June (Julian 175)

Treatments
Tag code (AG D1 D2) »
" Date UT LT BY FR SP DS
of 23 28 16 23 28 19 23 28 21 23 28 22 23 28 25 23 28 26
recovery N A N A N A N A N A N A
26 Jun :
27 1 3 2 6 1 3
28 15 25 21 34 15 25 22 36 18 29 13 21
29 31 31 28 28 23 23 20 20 26 26 24 24
30 Jun Sy 8 3w 5 2 3 3 S 6w 9 5 8
1 Jul 9 12 7 9 4 5 7 9 7 9 5 6
2 14 14 12 12 12 12 13 13 16 16 1l 11
3 10 9* 5 5 7 7 7 2 10 9 5 5
4 4 14 3 11 6 22° 4 14° 3 11 7 25°
5 Jul 7 11 3 5 7 11 6 10 4 7 6 10
6 3w 9 3m 9 6 18 4 12 Say 15 5m 15
7 1 2 3 7 3 7 1 2 1 2 4 9
8 1 2 3 5 3 5 1 2 4 6 1 2
9 1 3 3 9 3 9 2 6 Ity
10 Jul 7 16 4 9 3 7 4 9 5 11 2 5
11 6 4 4 3 7 5 2 1 1 1 3 2
12 3 4 2 3 2 3 4 5 3 4 4 5
13 9 6 7 5 3 2 8 6 10 7 8 6
14 4 4 3 3 4 4 3 3 1 1
15 Jul 14 9 13 8 8 5 14 9 10 6 7 4
16 6 4 S 4 3 2 4 3 7 5 4 3
17 2 2 2 2 3 3 3 3 2 2
18 1 2 1 2 1 2 2 3
19 2 2 2 2 5 4 5 4 2 2 1 1
20 Jul 4 3 3 2 4 3 4 3 1 1 5 3
21 1 1 1 1l 4 3 3 3 2 2
22 1 1 1 1 2 2 2 2
23
24
25 Jul
26 1 1 1l 1
27 1 1 1 1
28
29 _
30 Jul 1 1
31 1 2
1 Aug )
2
3
NA 1 3 1 3 3 1

Totals 164 198 147 184 138 186 154 183 161 203 136 175
Mvmt rate 17.4 19.6 15.7 15.7 .17.4 15.7
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Appendix Table C2.--Continued

Release date = 6 July (Julian 187)

Treatments
Tag code (AG D1 D2)
Date UT LT BY FR SP DS
of 23 28 28 23 28 31 23 28 32 23 28 35 23 28 37 23 28 38

recovery N A N A N A N A N A N A
7 Jul

8

9 1 3 1 3
10 Jul 6 14 1 2 2 S 3 7 2 5
11 8 6 5 3 6 4 7 5 6 4 11 8
12 15 19 16 21 13 17 13 17 11 14 7 9
13 44 30 35 24 36 25 53 37 49 34 36 25
14 7 7 9 10 8 8 12 13 6 6 11 12
15 Jul 80 50 92 57 81 S0 73 45 93 58 81 50
16 61 44° 54 39° 40 29 45 32° 40 29 45 32°
17 9 8 10 9 9 8 15 14 13 12 16 14
18 14 21 10 15 15 23 17 26 15 23 12 18
19 27 22 22 18 19 16 30 25 23 19 20 16
20 Jul 29 19 29 19 19 13 30 20 25 17 42 28
21 9 8 6 5 10 9 6 5 10 9 13 11
22 7 7 6 6 7 7 13 14 6 6 6 6
23 1 1 1 1 2 3 2 3 2 3 4 5
24 2 2 1 1 2 2 6 5 4 3 2 2
25 Jul 2 3 1 2 1 2 1 2
26 3 3 1 1 3 3 2 2 4 4
27 5 4 2 2 6 5 4 3 4 3 1 1
28 2 2 2 2 1 1 4 3 3 2 3 2
29 1 1
30 Jul 1 1 1 1 - 1 1
31 1 2

1 Aug 1 2
2

3

NA 2 4 3 9 2 1l

Totals 334 273 308 238 285 232 347 283 317 247 314 246
Mvmt rate 15.7 15.7 15.7 15.7 15.7 15.7
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Appendix Table C2.--Continued

Release date = 7 July (Julian 188)

Treatments
Tag code (AG D1 D2)
Date UT ‘ LT BY FR . . SP ] DS
of 23 28 41 23 28 42° 23 28 44 23 28 47 23 28 49° 23 28 50

recovery N A N A N A N A N A N A

8 Jul

9

10 Jul

11 5 3 8 ) 3 2 4 3 4 3 2 1
12 6 8 S 6 8 10 7 9 8 10 3 4
13 32 22 32 22 23 16 31 21 39 27 25 17
14 8 8 10 11 6 6 10 11 15 16 7 7
15 Jul 79 49 78 48 83 52 90 56 84 52 93 58
16 43 31° 59 42° 49 35 40 29° 57 41° 45 32
17 11 10 12 11 12 11° 16 14 15 14 23 21°
18 11 17 11 17 16 24 15 23 26 39 19 29
19 26 21 20 16 32 26 34 28 28 23 31 25
20 Jul 38 25 35 23 32 21 42 28 28 19 38 25
21 12 10 17 1S5 19 16 21 18 17 15 12 10
22 11 12 14 15 11 12 4 4 8 8 6 6
23 3 4 3 4 1 1 1 1 2 3 1 1
24 7 6 1 1 2 2 1 1 4 3 5 4
25 Jul 1 2 (1) 3 5 1 2 1 2
26 3 3 3 3 3 3 3 3 6 6 7 7
27 2 2 3 2 4 3 1 1 4 3 9 7
28 3 2 S 4 4 3 3 2 3 2 2 2
29 1 1 2 2 2 2 1 1
30 Jul 2 1 3 2 1 1

31 1 2

1 Aug 1 2

2

3

NA S S 0 1 3 4

Totals 310 239 322 246 311 248 330 258 356 291 333 257
Mvmt rate 17.4 17.4 15.7 17.4 17.4 15.7
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Appendix Table C2.--Continued

Release date = 8 July (Julian 189)

Treatments
Tag code (AG D1 D2)
Date UT LT BY FR - SP DS
of 23 28 52 23 28 55 23 28 56 23 28 59 23 28 61 23 28 62
recovery N A N A N A N A N A N A
9 Jul
10 Jul :
11 1 1 3 2 2 1
12 4 5 3 4 1 1 5 6 4 5
13 20 14 23 16 25 17 34 24 31 21 25 17
14 11 12 6 6 6 6 3 3 10 11 8 8
15 Jul 80 50 64 40 74 46 73 45 59 37 72 45
16 40 29 38 27 42 30 37 27 41 30 50 36
17 14 13° 12 11 15 14 10 9° 13 12 9 8*
18 8 12 20 30° 16 24° 11 17 15 23°¢ 13 20
19 31 25 27 22 38 31 31 25 33 27 19 16
20 Jul 34 23 37 25 30 20 41 27 38 25 37 25
21 14 12 15 13 19 16 12 10 16 14 24 21
22 7 ? 16 17 6 6 7 7 17 18 9 10
23 2 3 2 3 4 5 2 3 5 6 2 3
24 3 3 6 5 4 3 6 5 4 3 3 3
25 Jul 1l 2 2° 3 1 2 2 3
26 8 8 3 3 3 3 3 3 6 6 2 2
27 6 5 3 2 7 5 6 5 9 7 11 9
28 2 2 2 2 4 3 5 4 6 ) 6 5
29 5 4 2 2 1 1 1 1 3 2 1 1
30 Jul 3 2 3 2 4 2 4 2 1 1 5 3
31 2 4
1 Aug 1 2
2
3
NA 1 4 2 0 3 4

Totals 295 231 288 234 305 239 290 221 317 257 306 238
Mvmt rate 17.4 15.7 15.7 17.4 15.7 17.4
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Appendix Table C2.--Continued

Release date = 13 July (Julian 194)

Treatments
Tag code (AG Dl D2)
Date UT - LT . - BY - FR SP . DS
of 23 31 01 23 31 02 23 31 04 23 31 07 23 31 08 23 31 11

recovery N A N A N A N A N A N A
14 Jul
15 Jul 1 1 1 1
.16 2 1 S 4 3 2 1 1 7 5
17 7 6 6 5 2 2 S 5 10 9 4 4
18 8 12 9 14 11 17 11 17 8 12 10 15
19 26 21 25 20 24 20 40 33 36 29 35 29
20 Jul 43 29 62 41 57 38 60 40 52 35 " 65 43
21 20 17 18 15 24 21 22 19 35 30 27 23
22 30 32° 26 28° 28 30° 32 3¢ 27 29° 20 21°
23 7 9 4 5 11 14 11 14 7 9 6 8
24 9 8 20 17 12 10 17 15 14 12 14 12
25 Jul 2 3 11 17 6 9 11 17 8 12 11 17
26 15 15 14 14 13 13 27 27 18 18 19 19
27 20 16 26 20 20 16 27 21 28 22 35 27
28 25 20 17 13 21 16 13 10 18 14 25 20
29 10 8 8 6 8 6 4 3 ? 5 12 9
30 Jul 16 9 8 -] 7 4 8 5 17 10 9 5
31 2 4 3 6 1 2 S5 10 1 2

1 Aug 1 2 1 2 2 4 1 2 3 6

2 1 S, 1 5 2 9

3

7 1

NA 3 0 1 0 3 5

Totals 247 216 264 237 252 231 298 276 289 248 308 265
Mvmt rate 17.4 17.4 17.4 17.4 17.4 17.4
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Appendix Table C2.--Continued

Releagse date = 14 July (Julian 195)

Treatments
Tag code (AG D1 D2)
Date UT LT BY FR SP DS
of 23 31 13 23 31 14 23 31 16 23 31 19 23 31 21 23 31 22

recovery N A N A N A N A N A N A
15 Jul

16

17 1 1
18 4 6 1 2 4 6 6 9 1 2 3 S
19 .23 19 49 40 28 23 29 24 35 29 36 29
20 Jul 56 37 54 36 50 33 64 43 60 40 71 47
21 22 19 21 18 23 20 34 29 25 21 26 22
22 25 26° 32 3¢ 35 37 25 26° 15 16 32 34
23 10 13 8 10 8§ 10 6 8 7 9° 12 15
24 13 11 10 9 15 13 19 16 18 15 10 9
25 Jul 7 1 9 14 3m 5 8 12 8 12 8 12
26 15 15 9 9 14 14 17 17 18 18 16 16
27 21 16 31 24 20 16 24 19 25 20 33 26
28 10 8 16 13 20 16 23 18 25 20 17 13
29 10 8 13 10 10 8 9 7 15 11 21 16
30 Jul 11 6 14 8 11 6 14 8 19 11 14 8
31 2 4 2 4 4 8 1 2 3 6 2 4
1 Aug 2 4 3 6 2 4 2 4
2 . 1 5 2 9 1 5 1 S
3 1 S 1 S 1 S

NA 1 1 4 1 3 5

Totals 233 208 273 245 254 226 285 247 277 230 311 271
Mvmt rate 19.6 19.6 19.6 19.6 17.4 19.6
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Appendix Table C2.--Continued

Release date = 15 July (Julian 196)

Treatments
Tag code (AG D1 D2)
Date uT LT BY FR : SP DS
of 23 31 25 23 31 26 23 31 28 23 31 31 23 31 32 23 31 35

recovery N A N A N A N A N A N A
16 Jul
17
18
19 8 7 24 20 10 8 20 16 16 13 13 11
20 Jul 50 33 62 41 34 23 50 33 61 41 64 43
21 35 30 33 28 26 22 16 14 32 27 30 26
22 27 29 39 41° 17 18 31 33 37 39 25 26
23 6 8 9 12 7 9 11 14 12 15 9 12
24 13 11° 11 9 13 11° 13 11° 11 9 19 16
25 Jul T 11 7 11 6 9 T 11 13m 20 13 20°
26 22 22 21 21 15 15 19 19 20 20 17 17
27 20 16 18 14 20 16 44 34 34 27 43 34
28 27 21 27 21 20 16 26 20 22 17 32 25
29 9 7 12 9 12 9 10 8 16 12 12 9
30 Jul 13 8 19 11 16 9 14 8 17 10 11 6
31 3 6 2 4 1 2 4 8 5 10
1 Aug 2 4 1 2 1 2 2 4 3 6 3 6
2 1 5 2 9 3 14
3 1 S

7 1 1

NA 5 1 3 3 1 1

Totals 249 218 286 244 201 167 268 227 304 278 300 275
Mvmt rate 17.4 22.4 17.4 17.4 17.4 15.7
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Appendix Table C2.-—¢ontihued

Release date = 20 July (Julian 201)

Treatments
Tag code (AG D1 D2)
Date UT LT - . BY : FR SP - : DS
of 23 31 37 23 31 38 23 31 41 23 31 42 23 31 44 23 31 47

recovery N A N A N A N A N A N A
21 Jul
22 2 2
23 3 4 4 5 3 4 1 1 5 6 7 9
24 14 12 18 15 12 10 19 16 17 15 14 12
25 Jul 9 14 15 23 18 27 9 14 20 30 12 18
26 56 56 44 44 52 52 43 43 71N 54 54
27 70 55° 56 44° 56 44° 67 52° 76 59° 88 69°
28 61 48 41 32 49 38 54 42 54 42 49 38
29 27 20 25 19 36 27 33 25 39 29 38 29
30 Jul 48 28 38 22 43 25 35 20 45 26 S0 29
31 6 12 5 10 10 20 7 14 11 22 12 24
1 Aug 8 16 5 10 3 6 6 12 9 18 6 12
2 2 9 2 9 1 5

3 1l 5 1l 5 1 5 1l S 1 S

4 1

S Aug v 1 1l

6 1

7 1 1l

8 2 1 :

NA 1l 0 1 3 3 1

Total 306 270 255 238 287 258 283 255 352 323 333 299
Mvmt rate 22.4 22.4 22.4 22.4 22.4 22.4
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Appendix Table C2.--Continued

Release date = 21 July (Julian 202)

Treatments
Tag code (AG D1 D2)
Date UT LT BY FR. SP DS
of 23 31 49 23 31 500 23 3152 233155 233156 23 3159

recovery N A N A N A N A N A N A
22 Jul
23 2 3 2 3
24 1 1 3 3 R 11 2 2
25 Jul 2 3 7 11 4 6 4 6 7 11 6 9
26 30 30 24 24 29 29 31 31 47 47 42 42
27 54 42 82 64 71 56 61 48 89 70 79 62
28 55 43° 50 39° 60 47° 56 44° 82 64* 75 59°
29 41 31 29 22 32 24 38 29 26 20 45 34
30 Jul 42 24 44 26 35 20 37 21 52 30 49 28
31 10 20 10 20 10 20 9 18 7 14 11 22
1 Aug 12 24 13 26 8 16 4 8 9 18 18 36
2 1 s 1 s 5 23 3 14 1 s
3 3 14 1 5 1 5 2 9
5 Aug 1 1 1

7 3 1
10 Aug 1

NA 3 2 2 4 5 3

Totals 259 240 266 240 256 226 254 236 329 290 333 308
Mvmt rate 22.4 22.4 22.4 22.4 22.4 22.4
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Appendix Table C2.--Continued

Release date = 22 July (Julian 203)

Treatments
Tag code (AG D1 D2)
Date UT LT BY FR SP . DS .
of 23 31 61 23 31 62 23 32 01 23 32 02 23 32 04 23 32 07
recovery N A N A N A N A N A N A
23 Jul
24
25 Jul 1 2 1 2
26 23 23 11 11 22 22 11 1 27 27 31 31
27 45 35 51 40 66 52 43 34 75 59 49 38
28 68 53¢ 76 59 68 53¢ 64 50 86 67° 69 54
29 34 26 29 22° 21 16 36 27° 45 34 45 34°
30 Jul 46 27 66 38 44 26 52 30 80 46 63 37
31 5 10 18 36 11 22 9 18 10 20 13 26
1 Aug 9 18 8 16 9 18 9 18 16 32 10 20
2 2 9 5 23 2 9 6 27 2 9 3 14
3 1 5 2 9 1 5
4 1 1
5 Aug 1
6 2 1
7 1l 2
8 1 1
NA 3 5 5 4 5 7
Totals 239 206 272 254 251 220 237 217 347 294 293 259
Mvmt rate 26.2 22.4 26.2 22.4 26.2 22.4
Grand totals
UT LT BY FR SP . DS
Actual 2,950 2,943 2,836 3,051 3,375 3,230
Standardized 2,760 2,712 2,643 2,836 3,134 2,998

Treatment codes are: UT = Upper Turbine, LT = Lower Turbine, BY = Bypass,
FR = Frontroll, SP = Spillway, DS = Downstream (mid-river).

AG D1 D2 = Agency, Data 1, Data 2. All tags were of the replicate format;
replicate codes 1, 2, and 3 were used with each tag number.

N = Actual daily purse seine catch of the particular mark group.

A = Adjusted daily purse seine catch obtained by standardizing the daily
purse seine effort to 18 sets from 26 June - 3 August (Julian 177-215).

Few study fish were captured subsequent to 3 August, and 'purse seine effort
was much reduced during the final week of sampling.

Day that the median fish was captured (adjusted effort).

() = Beach seine recoveries. Not used in data standardization.

? Date of recovery unavailable. Not used in data standardization.

Actual totals include all purse seine and beach seine data; adjusted totals
include only purse seine standardized data.

Mvmt Rate = Movement rate (km/day) = distance traveled (RKm 232, control
release site minus RKm 75, Jones Beach sampling site) + travel time (in
days, from release date to date of median fish recovery at Jones Beach).
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C3.--Diel distribution of treatment groups at Jones Beach,

Bonneville Dam survival study, 1989.
Treatments
Upper Lower Bypass Front- .. bown-
turbine ‘turbine system roll . Spillway stream
No. % No. % No. % No. % No. % No. %
DIEL SAMPLING 20-21 JULY
Fish released 6-8 July
Daylight 52 91.2 36 90.0 36 97.3 46 86.8 42 97.7 53 93.0
Darkness 5 8.8 4 10.0 1 2.7 7 13.2 1 2.3 4 7.0
Fish released 13-15 July
Daylight 66 97.1 79 92.9 68 94.4 101 94.4 65 94.2 92 94.8
Darkness 2 2.9 6 7.1 4 5.6 6 5.6 4 5.8 5 5.2
DIEL SAMPLING 29-30 JULY
Fish released 13-15 July
Daylight 13 86.7 25 92.6 19 89.2 15 93.8 18 85.7 17 77.3
Darkness 2 13.3 2 7.4 5 20.8 1 6.2 3 14.3 5 22.7
Fish released 20-22 July
Daylight 69 100.0 60 96.8 54 96.4 63 96.9 94 100.0 80 95.2
Darkness 0 0.0 2 3.2 2 3.6 2 3.1 0 0.0 4 4.8
TOTALS
Daylight- 200 95.7 200 93.5 177 93.7 225 93.4 219 96.5 242 93.1
Darkness 9 4.3 14 6.5 12 6.3 16 6.6 8 3.5 18 6.9
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