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ABSTRACT

Investigations on several hydro-developed Western Washington
streams have shown that peaking flow fluctuations strand and kill
juvenile salmonids. In 1974 and 1975, stranding observations
were conducted in the Columbia River downstream of The Dalles
Dam to determine the extent of juvenile stranding.

In 1974, an extremely high-water year, observations were
Timited in scope and confined to the river below Bonneville Dam.
Peaking-related stranding was minimal since most potential strand-
ing areas were continually inundated by water, and flow reduc-
tions (the cause of stranding) were not frequent. Stranding
observations downstream of Vancouver, Washington--the upstream
end of the deep-draft navigation channel-- indicated that waves
produced by large ships could strand significant numbers of
juveniles and warranted further investigation in 1975.

In 1975, a more typical water year, peaking-related stranding
observations were conducted regularily in the spring at two sites
between The Dalles Dam and Bonneville Dam (the Bonneville Pool)
and at four sites in the Bonneville Dam to Vancouver, Washington,
reach. Based on the observed sample site mortality, the esti-
mated stranding mortality in Bonneville Pool was 19,349 chinook,
816 coho, and 425 trout from March 2 through May 10, 1975. Strand-
ing in the pool was limited by the number of stranding sites,
fish availability, and timing of the spring runoff. Within the
Bonneville Dam to Vancouver reach, the estimated mortality was
2,848 chinook, 310 coho, 1,243 chum, and 39 trout from February 2
through May 10, 1975, The relative absence of stranding in this
reach was related to the flow reduction rate, the magnitude of
the flow reductions, and the minimum discharge at Bonneville Dam.

Ship-wash stranding observations were conducted at five sites
along the Columbia River deep-draft navigation channel. Based on
these observations, the estimated mortality in the 33-mile reach
between the Willamette and Cowlitz Rivers at all identified strand-
ing sites was 145,003 chinook, 1,359 coho, 4,771 chum, and 537
trout from February through July 1975, The ability of a ship to
strand fish is a function of the size of wave it produces. Wave
size is related to ship velocity, channel depth, draft, and dis-
tance from shore.
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INTRODUCTION

The effects of peaking on juvenile anadromous fishes in the Columbia River
are largely unknown, Under contract with the Army Corps of Engineers, the Wash-
jngton Department of Fisheries (WDF) investigated one possible impact: stranding
of juvenile anadrmous fishes in the Columbia River from The Dalles Dam, downstream
to Vancouver, Washington (Figure 1). The study was funded for 1974 and 1975.

This report contains results of both years' field work.

Peaking flow regulation is the hourly, daily, and seasonal manipulation of
river flow to generate hydroelectric power during periods of high demand. Peaking
causes considerable fluctuations in hourly and daily discharge and river stage.
puring the reduction phase of a flow fluctuation, beach and shoal areas are de-
watered by receding water levels. As the water recedes, some juvenile fishes
may be stranded on the exposed shoreline or are trapped in watered depressions
(potholes). Since peaking flow regulation does create a situation where flow
reductions are common, stranding could be a serious problem in the maintenance of
anadromous fish runs in the Columbia River,

The Columbia River presently supports six species of anadromous salmonids and
two species of anadromous non-salmonids: chinook (Oncorhynchus tshawytscha), coho
(0. kisutch), sockeye (0. nerka), chum (0. keta), steelhead trout (Salmo gairdneri),
cutthroat trout (S. clarkii), shad (Alosa sapidissima), and Columbia River smelt
(Thaleichthys pacificus). The juveniles of these species, except shad, migrate
down the Columbia River throughout the spring and summer. Unlike salmon, juvenile
shad out-migrate during the fall and winter months. The juveniles of all species

are subjected to stranding conditions.

Recent studies by WDF on hydro-developed streams have demonstrated that sig-
nificant losses of juvenile salmon can be incurred during flow reductions. Strand-
ing observations on the Skagit River by Thompson (1970) indicated that large num-
bers of salmon fry can be killed by stranding under certain flow conditions. The
study was repeated in 1973 (Phinney, 1974); and during 2 days of test flow reduc-
tions, an estimated 272,600 fry were stranded and killed, Observations on the
North Fork Lewis River also revealed a serious stranding problem during peaking-
related flow reductions (Phinney, 1974).

Ancther source of juvenile mortality, stranding by the wave action of ships,
has been observed by WDF personnel in past years (Wendler, personal communication).
The movement of large ships through a confined body of water results in consider-
able wave action along the shoreline. Fish inhabiting shoreline waters can be
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caught in these waves and stranded on the beach as the water recedes or is absorbed
into the sand. Although ship-wash stranding is not directly related to peaking,
this problem was also investigated and will be discussed in the report.

STUDY OBJECTIVES

This investigation was designed to identify major stranding areas; isolate
the cause(s) of stranding; determine the species, size, and timing of stranded
fish; and estimate total fish loss. If stranding was found to be a significant
source of mortality, recommendations would be made to minimize fish loss.

PEAKING OPERATION RULES -- THE DALLES AND BONNEVILLE DAMS

Insight as to how these dams are operated will be helpful in understanding
further text in the report. The rules of operation at a dam define minimum proj-
ect discharge and the rate at which discharge can be changed. These limits are
set by the U.S. Army Corps of Engineers.

The Dalles Dam (River Mile [RM] 191.5) is operated primarily as a peaking
hydroelectric project. The hydraulic capacity of the dam (the amount of water
that will pass through the turbines) is approximately 360,000 cubic feet per
Discharge at the project can be increased or decreased at a maximum
A change in discharge of

second (cfs).
rate of 150,000 cfs per hour throughout the year.
150,000 cfs will result in a change in tailwater elevation of 4.5 to 6.0 ft,

From March through November, a minimum dis-
The minimum discharge is 12,500 cfs for the

dependin: upon the initial elevation.
charge of 50,000 cts is mainwained.
remainder of the year, a flow seldom reached.

Bonneville Dam (RM 145.5), the lowermost project on the Columbia River and

downstream of The Dalles Dam, is governed by a more restrictive set of rules.
Presently, the hydraulic capacity of Bonneville Dam is approximately 140,000 cfs.
During the summer season, April through September, daily tailwater fluctuations
will not exceed 4 ft (60,000 to 80,000 cfs), with a maximum hourly change of 1.5
ft. The 4-ft daily fluctuation can be increased to 5 ft a maximum of 10 cays per
season. During the winter season, October through March, daily tailwater fluctua-
tions will not exceed 7 ft, with a maximum hourly change of 3 ft. The 7-ft limit

can be extended to 10 ft a maximum of 18 days per season.
During both seasons, the minimum instantaneous flow at Bonneville Dan will be

|

80,000 cfs and the daily average minimum will be 100,000 cfs, except during extreme

1ow water conditions--125,000 cfs weekly average. If this occurs, 70,000 cfs
would become the absolute minimum instantaneous flow and the daily average minimum
f£1ow would be 80% of the weekly average flow,

I,THE 1974 STUDY
’ Methods

Abnormally high-flow conditions in the Columbia River from March through June
1974 altered the planned investigation. Beach and shoal areas identified as pri-
mary stranding sites were rarely exposed by fluctuating water levels, eliminating
the possibility of assessing stranding mortality in the desired manner. There-
fore, the 1974 investigation was limited to (1) identification of potential flow
flucuation stranding sites, (2) general stranding observations during flow reduc-
tions, (3) juvenile seining, (4) monitoring river stage levels, and (5) documenting
ship-wash stranding and identification of sites. All work accomplished was con-
fined to the reach downstream of Bonneville Dam.

Potential flow fluctuation stranding sites were identified utilizing aerial
photographs coupled with field surveys. Aerial photographs, taken in 1973 during
minimum flow at Bonneville Dam (80,000 cfs) were examined for extensive beaches
and shoals. Generally, these will be the areas where stranding will occur when
exposed by a flow reduction. Field surveys were then conducted to determine at
what flows significant beach exposure (and stranding) could be expected at the
various sites.

In March, April, and May, flow fluctuation stranding[observations were con-
ducted from Bonneville Dam to the Cowlitz River. In March, permanent sampling
areas were identified and a sampling schedule formulated. However, by April it
was apparent that flow conditions would not permit conduct of the study in this
manner. Therefore, beginning in April, observations were scheduled to coincide
with flow reductions conducted by the Corps of Engineers to reduce nitrogen
saturation. During or immediately after the flow reduction, observation crews
inspected areas which appeared to have stranding potential for mortality or fish
isolated in potholes. No attempts were made to estimate the amount of area
examined or total mortality.

The juvenile seining program for 1974, 1ike the stranding work, was limited
by high-water conditions. A firm schedule to seine specific sites at designated
times could not be adhered to; however, some juvenile seining was accomplished

during the early spring and late summer in the Bonneville Dam to Cowlitz River
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reach. Seine sets were made with a 100- x 7-ft beach seine consisting of two

35-ft, untapered, 1/2-inch mesh wings and a 30-ft, 1/8-inch mesh, bobinett centertg
Seining sites were selected on the day of seining, the length of the set dependenti '

on the site. All salmonids in the catch were identified, counted, and a random
sample of each species measured.
Columbia River stage and Bonneville Dam discharge were monitored throughout

the spring and summer.

from the Washougal gauge located in Camas Slough, Camas, Washington.

Ship-wash stranding sites were identified by field surveys along the Columbia

River navigation channel, downstream of the Willamette River. Coves, inlets, or
moderately sloped beaches which allow waves to travel onshore were examined for
dead fish.
the site. At all sites examined, presence of dead juveniles in the drift line
formed by the maximum shoreward extension of the waves or fish trapped behind

objects on the beach was considered evidence of ship-wash stranding.

Results
Flow fluctuation stranding sites

Potential flow fluctuation stranding sites in the Bonneville Dam to Vancouver,
Washington, reach were identified using aerial photographs coupled with fﬁe]d sur-
A total of 12 beaches and shoals was identified where significant juveni1e {
stranding could be expected with a minimum Bonneville Dam discharge of 80,000 cf& 
The Reed Island, Sandy River Bar, and McGuiref
This assessment

veys.

These sites are listed in Table 1.
Island sites appeared to have the greatest stranding potential.
was based on the length of the stranding site and the amount of bar that poten-
tially could be exposed by flow fluctuations.

Columuiz River flow and stage
An early and near-record spring runoff occurred in the Columbia River in
Discharge at Bonneville Dam in April and May was much higher than normal,

1974,
eliminating peaking flow regulation during those months.
mum discharges at the dam are summarized in Tables 2 and 3 for the months March
through June and July through September 1974. Corresponding daily changes in
Bonneville tailrace elevation and Washougal gauge elevation are shown in Figures -

2 and 3.

The Army Corps of Engineers provided the Hourly Operation :
Data Report for Bonneville Dam, and Crown Zellerbach Corporation furnished records |

’f, sandy River bar, McGuire Island, and Government Island.
When possible, the site was inspected immediately after a ship passed

Daily maximum and mini-

With the exception of the March through April 1 time period, Bonneville dis-
charge was not Tless than 250,000 cfs and the tailrace elevation did not fall below
21.8 ft (Table 2, Figure 2). At the Washougal gauge, approximately 23 miles
downstream of the dam, minimum gauge elevation was never less than 13.0 ft (Figure
3). This high-flow condition persisted until mid-July, at which time normal peak-

ing flow fluctuations were resumed.

Areas identified as major stranding sites were completely inundated by water
throughout most of the April to mid-July time period.

Flow fluctuation stranding observations
In March, frequent stranding observations were conducted at Pierce Island,

Stranding was infrequent

at all sites except Sandy River bar. Results of all stranding observations in

1974 are summarized in Table 4.

Stranded or isolated fish were observed at the Sandy River bar on 5 of the 6
observation days in March. A total of 75 chinook and 16 coho was found stranded
and 23 isolated in potholes. The majority (80) of these fish were found on March
15 in a small dewatered pothole. A1l mortalities were fry in the 35- to 45-mm
size range (fork length).

After March, as river flow increased and flow reductions became uncommon,
daily observations were discontinued. Two scheduled flow reductions in April and
May provided an opportunity for further surveys, however.

On April 24, discharge from Bonneville Dam was reduced from 326,200 cfs to
261,300 cfs over a 4-hour period. As a result, river staée dropped nearly 3 ft
at Bonneville tailrace and 1.7 ft at Washougal. Inspection of several sites
between Bonneville Dam and the Lewis River on April 24, 25, and 26 yielded three
stranded chinook and one coho.

The next significant flow reduction occurred from May 10 through 14 when
Bonneville discharge was reduced from 420,000 cfs to 290,000 cfs., During this 5=-
day flow reduction, Bonneville tailrace elevation decreased 6.2 ft and the river
stage dropped 5.1 ft at Washougal. Inspection of potential problem areas in the
B?nnevi11e Dam to Lewis River reach on May 13 produced eight stranded chinook and
fine coho.

During the spring of 1974, a total of 86 chinook and 26 coho were found

s i i
tranded during 16 observation days. Approximately 96% of the mortality was found
3t the Sandy River bar.
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Juveniles observed trapped in potholes were not counted as mortalities.
In most cases, the potholes were quickly reunited with the main river as flows
were increased, allowing the fish to escape. Undoubtedly, some bird predation
occurred while the juveniles were trapped, but it was not observed.

Since peaking flow fluctuations did not occur with any frequency during
the spring migration period, stranding by flow fluctuations was not a signifi-
cant source of juvenile mortality in 1974. Most stranding areas were continu-

ally under water during much of the juvenile migration period.

Ship-wash stranding
Although not directly related to peaking, ship-wash stranding was one
Ship-wash

possible source of juvenile mortality noted in the study proposal.
stranding results when juveniles are caught in ships' waves which, upon hitting
the shore, travel a considerable distance up the beach. Juveniles within the
waves are then deposited on the beach as the water retreats or is absorbed in
the sand. Stranded fish are often concentrated along the high-water 1ine, in

and around obstructions or debris which impedes return flow, and along the path
Ship-wash stranding is generally confined to sand beaches with

the water cgnshore,

of return flow.

a low slope angle or coves which constrict the waves and force
In the spring of 1974, ship-wash stranding was observed at three locations

Along an undulating 200-ft sand beach at Bachelor

At Fishtrap Shoal {Sauvies

Island), 527 chinook were found stranded in one small cove. The ship(s) that

stranded the fish was not observed; however, the fish were stranded in the

downstream of Vancouver,
Island, 10 chinook were observed stranded by one ship.

pattern ciw al*eristic of ship-wash stranding. Stranding was also observed at
a cove 1/2 mile downstream from the Lewis River mouth (this site is referred to
as the Austin Point site in 1975 discussions). Two ships were observed; the
first stranded 81 chinook and the second 16.
to 83 mm.

As was the case for flow fluctuation mortality, no attempt was made to

The observed losses provided impetus for further investigation

The fish ranged in size from 38

estimate losses.
in 1975,

Juvenile seining

A juvenile seining program was initiated on March 16 to monitor abundance,
timing, and size of fish which could be subjected to stranding. By late April,
increased flow forced termination of this phase of the study also. After the

~ gpring run

off, some seining was conducted in August and September.
1ts are summarized in Table 5.

seine catches indicated a Tow salmonid population in mid-March when the
catch averaged six fish per set. Salmonid catches steadily increased to 158

Seining

resu

fish per set by April 26, the last day of spring seining. Chinook, coho, and

chum juveniles were captured—ichinook represented 94% of the catch.

When seining was resumed in August, the catch ranged from less than one to
over six salmonids per set. Nearly all were chinook.

Approximately 26% of the 947 chinook captured by seine were measured.
Within the fish measured, three size groups were evident: (1) 30~ to 55-mm
fish (18.6%); (2) 55- to 95-mm (70.8%); and (3) 95- to 155-mm fish (10.6%).
virtually all coho were yearlings in the 95- to 190-mm size class.

captured ranged from 39 to 50 mm in length.

The chum fry

THE 1975 STUDY
Methods
Flow conditions in the Columbia River were conducive for the conduct of the
stranding study in 1975. Flow projections by the Corps of Engineers predicted an
average water year, with minimum flows of 140,000 cfs from Bonneville Dam and
typical peaking flow fluctuations at The Dalles project. These conditions pro-
vided the opportunity to estimate peaking-related mortality in the Bonneville

pool and in the Bonneville Dam to Vancouver reach.

Sample site delineation - flow fluctuations

To determine juvenile mortality attributable to flow fluctuations, six
beaches in The Dalles Dam to Vancouver reach were periodically examined for
stranded fish., The sites examined had a low angle of slope, often contained
depressions (potholes), and would be dewatered by anticipated flow reductions
during the spring of 1975. The sites were identified during river surveys in
1974 and February 1975 by methods described earlier.

Sampling transects were established at selected stranding sites. These
transects included all or a portion of the stranding area, depending on the size
of the site.

high water 1ine, perpendicular to the water's edge, to the extreme low water
line,

Parallel transects were spaced 200 ft apart and extended from the
Each transect was permanently marked at 100-ft intervals with a 3-ft
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wooden stake. At three of the sites, the parallel transects would not provide
adequate coverage.
point were used. Plates 1 through 5 show the transect locations at five of the

six sites.

Sampling techniques - flow fluctuations

Stranding site sampling coincided with periods of flow reduction at The
Dalles and Bonneville Dams. On each observation day, sampling began during the
pre-dawn hours or at daylight, depending upon the flow situation, and continued
A measured width along each tran-

until the river stabilized at the Tower flow.
sect was examined for mortality from the previous day's high water line to the
Tow water line. A1l mortalities found on transect were collected, recorded, and
preserved for identification and measuring. When watered potholes were encoun-
tered on transect, the number of fish trapped was estimated. As samplers became
familiar with the sites, they could predict whether the potholes would drain and
the trapped fish should be counted as mortalities. Predator control bombs were

exploded when necessary to keep birds from removing stranded fish.

Inaddition to marking the area to be sampled, the transects provided a
method of calculating the area examined and area within the sample site. When
low river stage was reached, the length of beach exposure (high to low water
line) was measured on each transect using the marker stakes as reference points.
"he width of the path inspected along the transects was also measured. The
prou. ot of the length-width measurements provided area-examined estimates. The
high ana 2w water measurements provided a basis to calculate total exposed area

within the tra:-22*2% sortion ot the sample site.

Mortality estimates - flow fluctuations
Juvenile mortality estimates were calculated on a daily, 2-week, and sea-

sonal basis. The methods used to calculate mortality differed for each time unit

and are described below.
Daily mortality estimates were calculated for each site for observation days
only, and included only the portion of the stranding site transected. The

formula used to calculate daily mortality was:

observed mortality

= ] : -l
area examined daily mortality (1)

area exposed

. s ~ The method
Therefore, similarly marked transects radiating from a single

s used to calculate area exposed per flow reduction are described in
Appendix 1, Section 1. Using this method, it is assumed that the stranding
observed on transect is representative of the entire site.

A mortality estimate for the sampled portion of each stranding site under
observation was calculated at 2-week intervals. For each 2-week time period,

the mortality was estimated with the following formula:

7
i

7 observed morta]itz\\/ \
(; 7 area examined , \F area exposedj

= 2-week mortality (2)

The method used to estimate total area exposed per Z-week interval and the vari-
ance of the mortality estimates is described in Appendix I, Section 2. If the
entire stranding area at the site was transected and sampled, Formula (2) pro-
vided a total mortality estimate for that site.

When the entire stranding area of a site was not transected and sampled, an
alternate method of calculating mortality was necessary. In this situation, mor-
tality was related to beach length using the following formula:

'

/
&\?-week mortality estimate\

/
/

é> . mortality of (3)

k}ength of unsampled beac unsampled beach

Tength of sampled beach

Mortality was established for entirely unsampled stranding sites using Formula
(3). The mortality rate assigned to the unsampled site was that rate calculated
for the sampled site which most closely resembled in physical characteristics the
unsampled beach. If the unsampled site did not resemble any of the sample sites,
the 2-week mortality per linear foot rates of the appropriafe sample sites were
averaged and applied to the unsampled site.

Beach lengths used in these calculations were determined by field measure-
ments and from aerial photographs using a Hamilton Map Measurer (Model No. 331)

and checked with an engineer's scale.

- Sample techniques - ship-wash stranding

Observations in 1974 indicated the need for additional ship-wash stranding
work in 1975, Based on surveys of the river in 1974 and 1975, several sites were
selected as representative sample areas for stranding observations.

Initially, attempts were made to coordinate observation times through the
Columbia River Pilots Association, the individuals who pilot the ships in the

Columbia River. This procedure was not successful because even the pilots had
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1ittle warning when the ships would arrive or depart. Therefore, it became
necessary to schedule observations at 8~hour shifts on the sample beaches.
February to May, observations were generally conducted from 9:00 AM to 5:00 PM,

After late

From

Sites were monitored over a 24-hour period in May and early June.

June, only night observations (10:00 PM to 6:00 AM) were scheduled.
On a given observation day, the sample site was immediately cleared of any

prior mortality. Fish found at this time were not used in calculating mortality.

After a ship passed the site, the area was again systematically inspected

and all stranded fish counted and preserved for further examination.

Mortality estimate - ship-wash stranding

Since much of the sampling effort was concentrated in the upper one-third
of the shipping channel, a mortality estimate for the 33-mile reach between the
Willamette and Cowlitz Rivers was derived. As was the case with flow fluctuation
stranding, a mortality estimate was developed for individual ship-wash sample
sites during observation periods and a total estimate for sampled and unsampled
sites. A1l ship-wash mortality estimates were calculated on a monthly basis.

To estimate the monthly mortality at an individual sample site, the following

formula was used:

e
‘No. fish observed stranded that month No. ships passing \ _ monthly (4)
No. ships observed that month the site that month mortality

The mortality at unsampled stranding sites was estimated using an average
mortality rate. The number of fish stranded and the number of ships observed at
all sampled sites were summed by month, then an average mortality per ship calcu-
Jated. The products of this meriality rate, the number of ships, and the number
of unsampled strarding sites produced the mortality estimate.

Or,

mortality at _/ T fish observed stranded /No. of ship%' No. unsampled (s
unsampled sites No. of ships observed K»that month stranding sitey .

To determine the number of sites, other than sample sites, where mortality
should be assigned, the reach between the Willamette and Cowlitz Rivers was sur-
veyed at pre-spring runoff levels and during the spring runoff. Additional sites
were identified while seining in this reach. An area was classified as a stranding
site if stranding was actually observed or evidence (dead fish) of stranding was

found.

-11-

The number of ships' factor is twice the number of ships which entered the
Columbia River that month since each ship passes the stranding site twice.

The abundance, species composition, and size range of the near-shore juve-
nile population were monitored by a beach seining program. Between Bonneville
pam and Longview, Washington,/five sites were seined weekly from February through
September. A1l sites were seined on the same day.

The seine employed was a 100- x 7-ft juvenile beach seine consisting of two
35-ft, untapered, 1/2-inch mesh wings and a 30-ft, 1/8-inch mesh, bobinett center.
At each site, a 200-ft river section was seined. Sets were made by walking
the seine out to a depth of 3-1/2 to 4 ft, then walking downriver the designated
distance. All fish in the catch were identified, counted, and a random sample of
each salmonid species measured (fork length - mm). '

In addition, one site was seined at 2-hour intervals 1 day per month in
April, May, and June to determine diel juvenile movement. Sets were made in the
the first set made at 1400 hours and the last at 1200
Again, all fish were identified and counted, and a

random sample of salmonid species measured when possible.

manner described above:
hours the following day.
After inspection, the
fish were placed in a 50-gallon can, transported 1/2 mile downstream, and released
in mid-channel.

Flow data

Flow and river stage data were obtained from the Army Corps of Engineers for
The Dalles and Bonneville projects. The Corps also provided river stage data
The Crown Zellerbach
Corporation supplied records from the Washougal gauge located in the Camas Slough,

Camas, Washington.

from the Vancouver, Washington and Rainier, Oregon gauges.

Ship traffic data

The U.S. Department of Customs, Portland District, provided information on
the movement of ships and their draft while in the Columbia River. Additional
data were obtained from the Merchants Exchange, Portland, Oregon.
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Results
Peaking flow fluctuation stranding - Bonneville Pool

In the Bonneville Pool, five areas were identified where juvenile stranding
would occur: (1) an extensive left-bank sand beach (RM 183, Oregon shore) down-
stream of Squally Point; (2) the accreted sand shoal at the Klickitat River mouth
(RM 179); (3) the left-bank sand bar near the town of Mosier, Oregon (RM 173.5);
(4) the large sand shoal (RM 166.5) downstream of Hood River, Oregon; and (5) the
sand and gravel bar adjacent to the Knappton Towboat Company's log storage yard
in the Wind River. Figure 1 shows the approximate locations of the sites. All
sites were inundated and exposed by fluctuating water levels in the Bonneville
Pool during the spring of 1975. Figure 4 shows the daily The Dalles Dam tailrace
fluctuations for the period February 24 through May 18, 1975,

To determine juvenile mortality rates in the Bonneville Pool, the Klickitat
and Mosier sites were transected and regularly inspected for mortality. These
sites were selected for sampling because they were easily accessible by foot.

Stranding observations began at both sites on March 2 and continued through
May 10, 1975. Observations were temporarily terminated after May 10 because of
high flows, but were resumed in July at the Klickitat site and continued until
August 10, 1975,

Klickitat Shoal. Juvenile stranding was observed at the Klickitat site
(Plate 1) throughout the March to mid-May period. A total of 186 chinook, 16
coho, and 6 trout was collected on transect during 32 observations (Table 6).
Tailrace fluctuations on observations days ranged from 1 to 7.5 ft, with most of
the observations occurring during 4- to 6-ft tailrace fluctuations. Calculated
bar exposure ranged from 0.25 million to 0.75 million square feet (sq ft).
Observed daily mortality counts ianged from O to 27 fish, the highest counts
occurring in April and May. The calculated mortality for individual observation
2=vs ranged from 0 to 93 fish (Table 6).

The estimated total mortality at the Klickitat sample area, for the spring
sampling periog, =< 1 _0AR rhinock, 164 coho, and 72 steelhead trout. This esti-
mate is based on a calculated area of nearly 57 million sq ft exposed at the site
during 254 reductions in gauge elevation of 0.5 ft or greater (Table 7). The
critical gauge elevation for this site--the elevation at which bar exposure will
occur if the water level falls below that point--is 82.0 ft measured at The

Dalles Dam tailrace.
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A length-frequency analysis of the fish stranded at this site showed that
16.7% of the chinook, 57.9% of the coho, and 100% of the steelhead trout were
yearling size (greater than 100 mm). This is the only site where yearlings were
frequently stranded.

The fish observed trapped in potholes were not counted as mortalities. In
most instances, the daily flow increases liberated the isolated fish before the

, pothole'COu1d drain. On several occasions, potholes with fish were monitored

and loss to predation was not observed.

Mosier site. Observed stranding at the Mosier site was confined to chinook
fry in the 30- to 45-mm size range. During 25 observations, a total of 73 fry
was collected on transect (Table 8). Daily observation counts ranged from 0 to
24 fry, with most of the stranding occurring from mid-March through early April.
On observation days, The Dalles Dam tailrace fluctuations ranged from 1.5 to
8.2 ft. The calculated area exposed per fluctuation ranged from 18,300 sq ft
to 140,000 sq ft. The calculated mortality for individual days was from 0 to
55 fish (Table 8).

The estimated total mortality at the Mosier site was 750 chinook. This
estimate is based on a calculated bar exposure of 6.65 million square feet during
254 reductions in gauge elevation of 0.5 ft or greater (Table 9). The critical
gauge elevation for this site is 81.5 ft, measured at The Dalles Dam tailrace.

As at the Klickitat site, fish observed in potholes were not counted as
mortalities.

Total mortality estimate

The above estimates indicated mortalities for the sample bars. To develop a
mortality estimate for the unsampled areas it was necessary to convert the 2-week
mortality estimate to mortality per linear foot (M/LF) of bar exposed. Unlike
the mortality per square foot rate, this mortality rate can be applied to all
stranding sites where bar Tength can be measured. The M/LF rates were calcu-
lated for the necessary sites and are shown in Table 10.

o z:et:1icthaF M/LF.rates were applied to the unsampled shoal on the east
o e Klickitat River mouth and the Wind River site. Both areas are very
:;:;la;azohthe sample site. The coho M/LF was not applied to the Wind River bar
ing OCCUEC ?ry coho.are ?ot released from Carson Hatchery and 1ittle coho spawn-

S 1n the Wind River. To calculate mortality for the Squalley Point
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beach and the Hood River site, the mortality rates of the sample bars were aver-

age and applied to the sites.

Based on these calculations, the total mortality in the Bonneville Pool was
, and 425 trout for a total of 20,590
Highest mortalities were
% of the total esti-

estimated to be 19,349 chinook, 816 coho
fish for the period March 2 through May 10, 1975.
incurred during the March 30 to April 12 time period, when 39

mate was killed (Table 11).

Mortality was not calculated for July and August because stranding was found

to be infrequent.

Peaking flow fluctuation stranding - Bonneville Dam to Vancouver
In the Bonneville Dam to Vancouver reach, five areas were jdentified where
stranding would occur during the projected 1975 spring flow regime: (1) the east
(RM 143); (2) the north and south sides of Pierce Island (RM

end of Ives Island ;
142); (3) the Sandy River bar (RM 122); (4) the east end of McGuire Island (RM
(RM 113).

118); and (5) the south beach between Government and Lemon Islands
Sampling areas were established on all but Ives Island. Figure 1 shows the
location of the stranding sites.

Daily changes in river elevation measured at the Bonneville tailrace and
ed in Figure 5 for the period February 2

Washougal gauge are graphically depict
through May 10, 1975.

A total of 17 stranding observations was conducted at the
Only eight

Pierce Island.
Pierce Island site (Plate 2) from February 27 through May 10, 1975.
o were observed stranded on transect during the observations

chinook and one coh
(Table 12). Bonnevilie Lam Lailrace fluctuations ranged from 0.9 ft t

~bservation days.
20,237 <q ft to 234,703 sq ft.
tion days rauged from zero to eight fish (Table 12).

The total mortality estimate for the sampled portion of Pierc
The estimate is based on a calculated exposed area of

The calculated area exposed within
The calculated mortality for individual observa-

e Island was

198 chinook and 12 coho.
8.7 million sq ft resulting fro
at the Bonneville Dam tailrace (Table 13).

Exposed area was calculated only when the tailrace elevation dropped below

24.9 ft, the critical elevation for that site.

0o 5.5 ft on ?
the sample site varied from

m 88 flow reductions of 0.5 ft or greater measured f
~ tions (Table 16)

- Observati .
s 10n days exposing a maximum of 278,000 sq ft at the site Daily mor

(0.2
"~ stp ,
; anded 32 chinook and 28 chum (Table 19).

] 5=

, Sandy River bar. Spring stranding observations at Sandy River bar (Plate 3)
began on February 6 and were terminated May 3, 1975. During 17 observations, a

 ¢otal of 35 chinook, 1 coho, 14 chum, and 1 trout was collected on transect

(Table 14). River stage fluctuations, measured at the Washougal gauge, ranged
from 0.1 ft to 3.4 ft on observation days. The calculated area expose; by ihos
fluctuations ranged from 11,892 sq ft to 654,894 sq ft. The calculated morta1ii
for individual observation days ranged from 0 to 84 fish (Table 14) ’
The calculated mortality within the sampled portion of the sité during th
spring period is 249 chinook, 48 coho, 104 chum, and 6 trout, totaling 406gfis§
The amount of area exposed within the sample site was over 17 million square f .
resulting from 95 flow reductions which registered greater than 0.25 ftqat th -
Washougal gauge (Table 15). ' )
The critical gauge elevation at this site was 11.0 ft measured at the Wash-

& ougal gauge.

., McGuire Island. Stranding observations were conducted at McGuire Island
: ate 4) fr?m February 23 through May 11, 1975. A total of 22 observations was
ogged at this site with 28 chinook, 1 coho, and 46 chum found stranded on tran-
sect ﬁTabTe 16). River stage fluctuations, measured at the Washougal gauge
ra ’
th:ge f:rom O.T ft to 3.4 ft on observation days. The calculated area exposed by
se Tluctuations ranged from 42,227 sq ft to over 1.2 million square feet
Daily mortality estimates varied from 0 to 169 fish (Table 16) “
T Y 3 )
oy loh? c:;2u1ated mortality at McGuire Island for the period March 2 through
is chinook, 11 coho, 747 chum
. s s and 12 trout, totaling 1 i
il > 74 s ng 1,093 fish. A
) ated area of over 24.1 million square feet was exposed by 65 flow reduc-
ons greater than 0.25 ft (Table 17).
Th i i
e McGuire Island site had two critical river elevation levels: 13.2 ft

for the sam ]
ple area delineated by
parallel transects, and
denoted by radial transects. T o the ares

Governm
ent Island. A total of 16 stranding observations was conducted at

the Gove i
o Chir‘nmint Island site (Plate 5) from March 12 through May 5, 1975. Only
no : .
0K and three chum were found stranded on transect during the observa-
. River stage fluctuations ranged from 0.3 ft to 2.4 ft on

talit i
gu:?t1mates ranged from zero to seven fish (Table 18)
in .
. 03 the March 2 through May 10 time period, a total of 65 flow reductions
greater) exposed an estimated 8.14 million square feet of beach and
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The critical river level elevation at this site was 13.0 ft, measured at the

Washougal gauge.

Total mortality estimate. Additional stranding mortality was calculated
for Ives Island, the unsampled portion of Pierce Island, and the unsampled por-
tion of the Sandy River bar stranding site. Again, the 2-week mortality esti-
mates were converted to mortality per linear feet (M/LF) of bar exposed and
applied to the length of unsampled beach.

The M/LF factor calculated for Pierce Island was used to estimate mortality
on 4,200 ft of shoreline on Ives Island and 2,900 ft of unsampled shoreline on
Pierce Island. Similarly, the M/LF factor calculated for Sandy River bar was
used to estimate mortality on 5,600 ft of unsampled shoreline at this site (Table
10).

The combined estimated mortality for sampled and unsampled stranding sites
in the Bonneville Dam to Vancouver reach is 2,848 chinook, 310 coho, 1,243 chum,
and 39 trout, totaling 4,440 salmonids for the February 2 through May 10, 1975,
time period (Table 20). Like the Bonneville Pool estimate, the highest mortali-
ties occurred from March 30 to April 12.

Stranding by species

Chinook juveniles were the dominant species stranded in both reaches of the
Columbia River under investigation. In the Bonneville Pool, chinook comprised
94.0% >f the estimated mortality and 64.1% below Bonneville. Coho were 4% of the
mortality in the pool and 7% below the dam. Chum, although not observed stranded
in the pool, comprised 28% of the mortality below Bonneville Dam. Trout con-
stitutea o.0? of the pool mortality and 0.9% below the dam.

Size distribution of stranded fish
Peaking fluctuations stranded juveniles of all sizes. However, nearly 86%

of all fish collected on and off transect were within the 30- to 50-mm size
range. The majority of these fish were chinook (78%), with chum (20%) and coho
(2%) the remaining fry mortality (Figure 6).

Chinook, coho, and trout yearlings were observed stranded, nearly all at the

Klickitat site in Bonneville Pool.

!
ropped below 140,000 cfs and exposed these shoals.
#as not observed on any occasion,

Saig-wash stranding

| ﬁ%} Colum

iﬁfing and early summer.
»? Stella, Washington, fro

=} 7=

Frow reduction rates and size of flow reduction
e .
The rate at which flows were reduced at The Dalles and Bonneville projects

. ;,ya?ied significantly. As can be seen in Table 21, the average rate of gauge

elevation drop at The Dalles ranged from 0.699 to 0.592 ft/hour, at nearly twice
~the Bonneville drop rate for most 2-week periods. When compared to Washougal
drop rates, The Dalles was ab9ut 5 times faster in most cases. When expressed
in terms of flow, the average reduction rate at The Dalles ranged from 20,000 to
16,900 cfs/hour, nearly 3 times greater than the Bonneville flow reduction rates.

The average size of the flow reductions at the three gauging points was also

calculated for each 2-week interval. At The Dalles, the average tailrace eleva-

tion drop per flow reduction ranged from 2.31 ft/reduction (approximately 66,000

k‘cfs/reduction) to 1.79 ft/reduction (approximately 51,100 cfs/reduction). At the
Bonneville tailrace, the average tailrace elevation drop per flow reduction
- ranged from 2.69 ft/reduction (47,100 cfs/reduction) to 1.57 cfs/reduction (27,500

cfs/reduction). The average gauge elevation drop at Washougal ranged from 1.39
to 0.82 ft/reduction (Table 22). .

Additional observations

I? March and April, several stranding observations were conducted on the
extensive, flat, sand shoal at Hunter Point, Sandy Island (RM 76). Here, flow

fluctuations result from Bonneville discharge, tidal fluctuations, and Willamette

River flow. The observations, conducted on the outgoing tide phase, produced no

-stranding and therefore were discontinued.

I i |
n Jduly and August, after the spring runoff, additional surveys were made at

the Klicki . .
e K1;ck1tat, Pierce Island, Sandy River bar, and McGuire Island sample sites
0 ; . ‘

nly salmonid stranding observed was at the Klickitat site, where three trout

and one whitefish were found stranded (Table 6)

T .
<F?gurze]Shoa]S ?dJacent to Reed Island and the beach at Rooster Rock State Park
) were inspected 1n late July and August, when Bonneville discharge

Juvenile salmonid stranding

Shi '_w . .
P-wash stranding, resulting from the wave action of large ships coursing

bia Ri

a River, was a constant source of juvenile mortality through the
Observations were conducted at five sites from Vancouver
m February through August 1975. A total of 216 ships
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was observed passing the sites stranding 2,297 chinook, 25 coho, 66 chum, and 9

trout. In February, March, and April, stranding observations were conducted dur-

ing daylight hours. From May through late June, sites were monitored for 24

hours. Beginning in mid-June, very little stranding was observed during daylight

hours; therefore, starting June 26 and continuing through August, all observa-

tions were scheduled at night.

Fishtrap Shoal (Sauvies Island). Observations at Fishtrap Shoal (RM 91)
were conducted from early February through mid-May, when the stranding area was
jnundated. At this site, three coves were inspected for mortality. The slopes

or gradients at these coves ranged from 1.5% to 5.4%.

A total of 36 ships was observed passing the site stranding 147 chinook, 6
chum, and 1 trout. On specific observation days, the mortality per ship ranged
from O to 28 fish. Mortality rates for the months of February, March, April,
and May 1-15 were 6.0, 5.3, 1.7, and 1.5 fish/ship, respectively (Table 23).

The estimated total stranding mortality at the Fishtrap Shoal site during

«]9a

mortality-per-ship rates ranged from 0 to 117 fish. The monthly rates for March
ppril, May, June, July, and August were 5.7, 32.9, 23.0, 4.7, 1.7, and 0.0 fish ,
per ship, respectively (Table 26). “

The estimated total mortality at the Austin Point site during the months
of observation is 14,662 chinook, 229 coho, 916 chum, and 97 trout (Table 24)

Woodland Bar. The WOOdTa”Q’Ba” site (RM 81.5), another single inlet site
fs Tocated at the upstream entrance of Burke Slough. Stranding observations w;re

o conducted at this site in April and May, and again in July and August. Like the

Austin Point site, Woodland Bar was inundated by water from mid-May through June
During the o?sgrvation period, a total of 446 chinook, 5 coho, and 3 chum .
was observed stranded by 30 ships. Daily mortality-per-ship rates ranged from
0.0 to 42.0 fish. Monthly mortality rates for April, May, July, and August were
21.8, 13.1, 0.0, and 0.5 fish per ship, respectively (Table 24). The gradient

at this inlet was approximately 0.5%.

Hoagy's Bar. Stranding observations began at Hoagy's Bar in April and con-
tinued through August 1975, Unlike the other sites, Hoagy's is a low sloped

beach with no defined inlets, The sample area is located at RM 57, about 3/4
mi!e.upstream of the Coal Creek Slough entrance. Approximately 1/4 mile of beach
was 1nspected for mortality. The gradient on this beach ranged from 5.75% to

7.25%. Plate 6 is a pi ‘
Pictorial sequence showing the wav i :
passing the site. g & action created by a ship

months of actual observation is 3,800 chinook, 154 chum, and 14 trout (Table 24).

Marshall Beach (Sauvies Island). The Marshall Beach site (RM 97) was ;
selected for sampling after high water flooded Fishtrap Shoal. At this site, two f
inlets were inspected for mortality during the months of May, June, July, and |
August 1975. The gradients at this beach were not measured.

A total of 34 ships was observed at this site stranding 235 chinook and 1
trout. On individual observation days, the mortality per ship ranged from 0 to
30 fish. The monthlv mortality rates for May, June, July, and August were 14.0,

. 6, 0.0, and 0.0 fish per ship, respectively (Table 25).

e estimated total mortality at this site during the observation period is

2,465 chinook ana 10 trout (Table 24).

o During the entire observation period, a total of 467 chinook, 3 chum, and

frogogftzazgo:?:;vedMstranéed by 52 ships. Daily morta?ityQper—ship rate; ranged

9, 9.0 100 O.O Ortality ?ates for April, May, June, July, and August were
*©s 10.9, 0.0, and 0.0 fish per ship, respectively (Table 28},

The i . .
8,140 h’eSt1mated total mortality during the above months at this site totaled
»777 Chinook, 130 chum, and 34 trout (Table 24).

&nsamg]ed stranding sites

the w:?ijfwzllepgogot?.the Spring runoff, 10 unsampled sites were identified in
:: Oregon [RM 66.17) ra: 1§sz1ver reach, At.this time, Columbia River stage (Rainfer,
é' 216,000 c g and WT?Taiett r?m 3 to 7 ft, with Bonneville Dam discharge averaging
v four unsamp1eq sites Btte inflow 28,300 cfs. During the spring runoff, only
were found. For the period May 15 through June 15, Columbia

fi 246, 0oy Se at Ra?n1er ranged from 7 to 9+ ft, with Bonneville discharge averaging
- CTs and Willamette inflow 25,500 cfs.

Austin Point. The Austin Point site (RM 86.5), located 1/2 mile downstream
of the Lewis River mouth, consisted of a single inlet. Observations were con-
ducted from March through August 1975. Observations were not made from mid-May
through late June because the site was under water. The gradient at this inlet

ranged from 3.4% to 4.1%.
From March through August, a total of 1,002 chinook, 20 coho, 54 chum, and

5 trout was observed stranded by 64 ships. DBuring this time period, daily
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Ships in the Columbia River

The number of ships entering the Columbia River, according to the Merchants
Exchange tabulations, was 140, 143, 162, 138, 171, and 166 for the months of
February, March, April, May, June, and July 1975, respectively. By doubling the
monthly totals, the number-of-ships-passing-the-site factor is obtained. As cap
be seen in Table 24, this factor has been adjusted according to the number of
days or time of day a site has stranding potential.

Presently, ships in the Columbia River operate under no speed restrictions

Total mortality estimate - Willamette River to Cowlitz River

A mortality estimate based on the number of stranding sites identified in
the Willamette to Cowlitz River reach, the average monthly mortality rates (Tablé
29), and the number of ships passing the sites was developed for the period
February through July. The combined mortality estimate at sampled and unsampled
ship-wash stranding sites for this reach is 145,003 chinook, 1,359 coho, 4,771 o
chum, and 537 trout, totaling 151,670 juvenile salmonids. The greatest morta1im[§
occurred in April when an estimated 68,674 fish were killed in this 33-mile reachii
(Table 30).

Stranding by species

Chinook, coho, chum, and trout juveniles were observed stranded by ship-
wash; approximately 95.8% of the observed mortality was chinook. Chum comprised
2.8% of the mortality, coho 1.9%, and trout 0.3%.

Size of stranded fish

The s1.> distributisn of Tish stranded by ship-wash is graphically repre-
sented in Figure 7. As can be seen, juveniles in the 30- to 45-mm size range
were severely impacted. A high percentage of these fish was stranded in March
and April, the period when only daytime observations were made, As observations
were extended over a 24-hour period in May and June, the majority of the stranded
fish were in the 50~ to 100-mm size class. The only 100+ mm fish observed were

yearling coho.
Over the entire observation period, 53% of the fish stranded were within the

30- to 45-mm size range and 47% were greater than 45 mm.

- Sandy Island (RM 76).

2]

.

f#grther observations

AN Columbia River boat traffic did not strand fish. Stranding was not
 therved when pleasure craft or tug boats passed the site, Of the large ships
bﬁserved, only 48% stranded fish. The vessels that did not strand fish generally

: i}rodut::ed relatively small waves, and the wave uprush, the distance the wave

traveled onto the beach above the still-water edge, was minor.
0f the 216 ships observed, the draft of 68 vessels was determined for the

 ¢ime of observation. A plot of draft versus mortality shows that most fish are
‘ stranded by ships with a draft of 25 ft or greater. The mortality rate of the

3] ships with a draft greater than 25 ft was 19 fish per ship. Conversely, the
mortality rate of the 37 ships with a draft less than 25 ft was three fish per
ship.

The time of day a ship travels the Columbia River appears to be important
only during the summer. In May, when 24-hour observations were conducted at four
of the five sites, the mortality rates of day versus night traffic were very
similar. Ships observed during daylight hours averaged 16.5 fish per ship and

night traffic 13.8 fish per ship. After mid-June, all observed stranding occurred
at night as previously explained.

Juvenile abundance and size distribution

The near-shore juvenile population was monitored by a seining program con-
ducted from February 12 through September 25, 1975. Sets were made weekly at
Sandy Island (RM 131), Government Island (RM 115), Sauvies Island (RM 97), and
A fifth site at Lord Island (RM 63) was added on March 26,

1975,

Chinook. Juvenile chinook were present in the catch throughout the seining

period. Peak catches occurred from early April to late May. Mid-May and early

,Jﬂﬂe combined catches are artificially low because high water prevented seining

3t two of the sites on occasion (Table 31). After the first week of July, the
combined weekly catch at all sites did not exceed 27 chinook (Figure 8).

hi During the 8-month seining period, 89.6% of all salmonids captured were
1nook,

Chinook captured by beach seine ranged from 30 to 215 mm in length. Within

the ¢ C e .
- "€ Size range, three distinct size groups were present: (1) 30- to 60-mm fish

Tepr ] - .
Presenting natural production (2) 61- to 100-mm fish which are predominantly
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hatchery fall chinook; and (3) 100+ mm fish which are natural and hatchery pro-
duction spring chinook (Figure 9). The percentage each group represents in the
catch is 35.5%, 57.3%, and 7.2%, respectively.

DISCUSSIONS AND CONCLUSIONS

gbservations conducted in 1974 indicated that with high Columbia River
flows--greater than 250,00 cfs--peaking activity is 1imited at Bonneville Dam,

Coho. Juvenile coho were present in the catch from early March through late f: Therefore, most potential stranding areas below Bonneville Dam are continually

May, peaking in early May. Coho were abundant only during the last week of April spundated and juvenile stranding is minimal.
and the first 2 weeks of May, however (Figure 8). In 1975, a more typical water year, the investigation demonstrated that

Over the entire seining period, coho constituted 9.1% of the salmonid catch_ki_ chinook, coho, chum, and trout juveniles are stranded by peaking flow fluctua-
Nearly all coho captured were yearlings, ranging in size from 100 to 170 mp ~ tionms in the Bonneville Pool and in the Bonneville Dam to Vancouver reach. In

(Figure 9). Approximately 98% of the coho were within this size group. the pool, stranding was found to occur when The Dalles tailrace elevation fell
pelow 82.0 ft. Between Bonneville Dam and Vancouver, stranding was observed

when Bonneville Dam discharge fluctuated from 250,000 cfs down to 140,000 cfs.
pownstream of Vancouver most stranding was caused by ship-wash.

An estimated total of 20,590 salmon and steelhead trout was killed by peak-
ing fluctuations in the Bonneville Pool from March 2 through May 10, 1975 (Table
11). In the Bonneville Dam to Vancouver reach, the estimated peaking mortality
was 4,440 salmonid juveniles from February 2 through May 10, 1975 (Table 20).
Stranding was found to be minimal in July and August; therefore, a mortality
estimate was not calculated.

The estimated ship-wash stranding mortality from the Willamette to Cowlitz
Rivers was 151,670 salmonids for the period February through July 1975 (Table
30).

Since the mode of operation at The Dalles and Bonneville Dams is quite dif-
ferent, stranding related to each project will be discussed separately. However,

Chum. Chum juveniles entered the catch in late March and were present
through early May. Peak abundance occurred throughout the month of April at a
relatively low level (Figure 8).

The chum juveniles, which made up 1.3% of the salmonid catch, were within
the 30- to 45-mm size class (Figure 9).

Supplemental seining

In addition to the weekly seining, the Government Island site was seined :
over a 24-hour period in April, May, and June 1975. Sets were made every 2 hours,
beginning at 1400 hours and ending at 1200 hours the next day. The data provided ;
insight as to when juveniles are abundant in near-shore waters and most susceptible

to stranding.

On April 24 and 25, overall juvenile abundance was highest from 2200 hours
to 0400 hours. Excluding the initial catch at 1400 hours, chinook abundance :
peaked in the evening (1800-2000 nours; wiin catches generally decreasing through-f
out whc ~iaht and morning. The major onshore.movement of coho took place between .
2200 and 0400 hours (riyura 10).

The May catches displayed a more defined time of onshore movement., Exclud-
ing the initial catch, both coho and chinook peaked in abundance at 2000 hours
and again at 0800 hours (Figure 11).

When seining was repeated in June, only chinook were captured. As can be
seen in Figure 12, very few juveniles were present in this river section. A
s1ight peak did occur at 2000 hours, however, similar to the April and May trends.

the timing of the spring runoff and the timing of the juvenile out-migration may
be reviewed first because they apply to both projects.

The timing and magnitude of the spring runoff determine, to a great extent,
if stranding will be a problem in the lower Columbia River. If, as was the case
in 1974, the spring runoff begins early and continues through June, peaking flow
fluctuations are not common during the juvenile migration (Figures 2 and 3; Tables
2 and 3), and stranding is not a significant source of mortality. In 1975, how-
ever, the spring runoff did not begin until May 13, with typical peaking fluctu-
ations and stranding occurring until that time (Figures 4 and 5). Fluctuations
which could cause stranding were not resumed until July 1, 1975,

Most salmonid juveniles in the Columbia River are migrating seaward. The
| ‘ timing of this migration has an important bearing on fish available to be stranded.
;? The juvenile seining program demonstrated that salmonid juveniles were abundant
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in near-shore waters from late March through June (Figure 8). Chinook, the pre.
dominant species stranded, were abundant throughout this period. Chum Juveniles,
not present in the pool, but frequently stranded below Bonneville, were abundant
in April. Coho, observed stranded in both reaches in small numbers, were abun-
dant from late April through mid-May. Steelhead trout, the species most infre-
quently stranded, did not enter the seine catches in significant numbers. The
timing of the steelhead migration is very similar to coho, however,

emaiﬂed adequately watered. For example, the extensive sand shoal around Reed

jsland, an area with very high stranding potential, was not dewatered to the

: éxgent that stranding would occur. By keeping the minimum flow above the criti-

evel of these sites, mortality was held down.

The rate at which flows were reduced (Table 21) and the magnitude of the

¢1ow reductions (Table 22) digfmuch to diminish stranding at sites which were

exposed. The relatively slow flow reduction rates experienced at Bonneville Dam

and Washougal (compared to The Dalles) evidently provide most juveniles with
enough time to reach the safety of deep water. In comparison to The Dalles, the
average size of a flow reduction at Bonneville Dam was smaller, which generally
means less stranding area will be exposed per flow reduction.

Below Bonneville Dam, river stage is affected by tides and Willamette River
inflow as well as Bonneville discharge. Ouring lTow water periods, tidal influ-
~ence is recorded on the Washougal gauge (Figure 5, February). Depending upon the
tide phase, a flow fluctuation may be accentuated or moderated. High Willamette
River inflow can create a backwater curve which will also dampen the effects of a

Bonneville flow reduction.
Although peaking fluctuation stranding was not a significant problem below
Eonneville Dam during an average or high-water year, it could become a major

cal 1

Bonneville Pool
In the Bonneville Pool, stranding is a result of peaking flow fluctuations
at The Dalles Dam. Under present operating conditions, mortality is 1imited by the
number of stranding sites, the availability of the fish, and the timing of the

spring runoff.

The rate (Table 21), frequency (Figure 4; Tables 7 and 9), and magnitude
(Table 22) of the flow reductions at The Dalles project provide ideal stranding
conditions. Stranding sites are dewatered rapidly, with a major flow reduction
occurring at least once daily exposing most of the potential stranding area.
Fortunately, only five sites were identified which were inundated and exposed by
the fluctuating water levels.

Completion of the second Bonneville powerhouse will change that situation,
however. By raising the maximum operating elevation at Bonneville Dam, additional
stranding areas in the pool will be subjected to daily water level fluctuations.
Many of the additional sites will be in the lower reaches of pool tributaries,
similar to the Klickitat site. Observations at this site demonstrated that sig-
nificant juvenile stranding does occur in such areas (Table 6). The mortality
rates (Table 10) calculated for the Klickitat site are an excellent indicator

¢ +he stranding that will occur at the new sites.

problem during a low-water year. All major stranding areas are watered at 200,000
cfs and extensively exposed at 80,000 cfs. Frequent fluctuations within this
range, especially from 140,000 to 80,000 cfs, will undoubtedly cause severe
stranding mortality.

The composition of most Columbia River bars and shoals may be a factor which
helps reduce stranding. Personal stranding observations on the Cowlitz River
iﬁdicate that juveniles will often attempt to seek refuge in the gravel as a
rfver bar is dewatered. This reaction, of cotrse, usually leads to death. Juve-
niles in the Columbia do not have this option because most shoals and beaches are

com i
posed of sand or very fine gravel. Therefore, more time may be spent looking
for and finding an escape route.

v

Bonneville Dam to Vancouver Reach

Juvenile stranding was not a serious source of juvenile mortality between
Bonneville Dam and Vancouver in 1974 or 1975, The lack of stranding in this
reach can be attributed to several factors which are discussed below.

As stated previously, high Columbia River flows and relatively few flow
reductions protected juvenile migrants in the spring of 1974. [In 1975, the mini
mum flow experienced from Bonneville Dam was approximately 140,000 cfs. With a
minimum flow of 140,000 cfs from Bonneville Dam, however, only 5 of the 12 poten-¥
tial stranding sites in this reach were exposed by the fluctuations, the rest ‘

in thzhzk;a?id foss Of wa?er n pools and depressions (potholes) on gravel bars

2 Flon redil 'and Lewis Rivers was reported as a major cause of stranding during
! ction. On the Columbia River, the sand bars are apparently less

Permeable; therefore, they retain water for longer periods of time. In many

cases, .
fien Potholes remained well watered unti] increasing flows liberated trapped
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Ship-Wash Stranding
Ship-wash stranding is the most serious form of juvenile stranding that

ag‘h to ship's draft ratio fell below 8, the wave heights produced by ships
ggre&sed rapidly as the ratio approached 1. Since the Columbia River navigation
§§ﬂﬁ€1 js maintained at a 40-ft depth, the depth-to-draft ratio will be sub-
ntially less than 8; therefore, most ships will be producing waves of near
~ggx1mum size for a given speed, The significance of the 25-ft draft depth re-
g@ins unclear, however. .

~ The time of year ships travel the Columbia River has obvious implications.
enile abundance is seasonal, thus when the juvenile population is low, ship-
:5355 stranding will be of minor consequence. The time of day appears important
‘fréw mid-June through July. During this time period, stranding was observed only
ngkvnight. Although present, juveniles apparently do not inhabit the near-shore
waters during daylight hours. The shift in habitat preference may be related to
faéar-shore water temperatures, 1ight intensity, predation pressures, or feeding
habits.

~ Ship-wash stranding in the Columbia River is a significant source of juve-
:ﬁi1e mortality. Unless protective measures are taken, stranding mortality will
‘kgreat]y increase in the years ahead. A recent study for the public ports of
Washington and Portland (The Aerospace Corporation, 1975) predicts that foreign
trade in this region will increase more than 2-1/2 times by the year 2000.
Domestic shipments are expected to increase by 60%. To accommodate this increase
~1in trade, more, larger, and faster ships will be plying the waters of the Columbia
River creating additional hazards to the migrating juveniles,

occurs on the lower Columbia River at this time. As pointed out, ship-wash
stranding is related to vessel size, the size of the wave it generates, vessel
draft, and time of day and year.

The wave size genérated by vessels traveling in the Columbia River is a
major consideration in ship-wash stranding. Small boats, such as pleasure craft
and tugboats (with or without tow), did not strand fish. These boats produced
relatively small waves and the wave uprush was negligible.

The Targe ships, on the other hand, often produced tremendous waves and an
extensive uprush which usually resulted in juvenile stranding. Although the size
of the waves was not measured during our investigation, some work has been done
in that field. Laboratory tests to determine the maximum wave height (Hmax)
produced by several ship types in water of uniform depth were carried out by Hay
(1969). These tests show that Hmax increased as ship velocity increased, water
depth decreased, and distance from sai]iﬁg line (distance from ship to shore) ‘
decreased. The tests also show there are speeds which produce relatively small
waves, regardless of depth or distance from shore. For example, the predicted
Hmax is less than 2 ft at velocities less than 13.5 knots for a marine class
cargo ship (length -556 ft; draft - 24 ft) moving through water ranging in depth
from 33 ft to 72 ft and traveling 283 ft from shore (the distance nearest to
shore tested). The predicted Hmax for the same ship under the same conditions
ranges from 4 ft to 10 ft when velocities range from 14.5 knots to 22.25 knots.

As stated, the above tests were for ships traveling through water of unifo
deptn. Johnson (1969), using similar laboratory techniques, predicted maximum
wave heign. in shoaling waters, similar to conditions present in the Columbia

River. He found at sicwer vZlocicies, the predicted Hnax is less on shoals than
) H

RECOMMENDATIONS

~In the Bonneville Pool, under existing conditions, juvenile stranding is not
& serious source of mortality. With the completion of the second Bonneville
~§Qﬁerhouse, additional stranding is expected, the extent depending on the number
‘ﬁf New stranding areas which will be within the new pool fluctuation range.
3§@¥diate1y following completion of the powerhouse, further stranding observa-
’§3§RS and mortality estimates should be made to determine the magnitude of the

~ *tranding problem created by the new flow regime.

5ﬁS§gi§::::n Bonneville Dém and‘Vancouver, juvenile stranding was found to be
‘~f§}es whichnt when Bonnev?11e discharge was 140,000 cfs or above., The present
il govern Bonneville Dam operation are a major reason, therefore should

- be retas .
- tained and adhered to strictly. To further protect the juvenile migrants,

in water of uniform depth. However, at high speeds (above 18 knots), 'max is a
great or greater on the sloping beaches as in water of uniform depth.

The results of the aforementioned tests are likely one reason that only 48
of the large ocean vessels observed stranded fish. In many instances, the ship
was probably traveling at speeds which did not generate waves large enough to
strand fish.

The ship's draft is another variable which appears to be a determining
factor in juvenile stranding. The mortality rate of ships with a draft greater
than 25 ft was 6 times greater than ships with a lesser draft. Studies by

Johnson (1958) may offer partial explanation. He found that when the channel
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the 4-ft daily tailrace 1imit should not be violated during the months of Aprii,
May, and June. If low-flow conditions (140,000 cfs weekly average) are expected
during the above months, peaking fluctuations at Bonneville Dam should be discon.
tinued and a near-constant flow be maintained.

Ship-wash stranding was found to be a significant source of juvenile mor-
tality. The most practical solution is the imposition and enforcement of a speeq
1imit for all ships traveling the Columbia River from March through June. Based
on the studies cited, ship speeds in the Columbia River should not exceed 14
If this is not possible, discharge at Bonneville Dam should be regulated

to maintain a river stage of 7 to 9 ft at Rainier, Oregon.

knots.
By doing so, most of

the stranding areas will be inundated and juvenile mortality significantly reducedf
Many of the beaches where ship-wash stranding occurred are Corps of Engineer

dredge disposal sites. To help prevent creation of further stranding areas, the
river-facing slopes of dredge disposal beaches should be contoured to a 9% mini-
mum gradient immediately after use.

SUMMARY

1974 Study .
1. Nearly all major stranding areas identified in the Bonneville Dam to Vancouvwé

reach were continually inundated by water from April to mid-July 1974,

2. Minimum discharge from Bonneville Dam was 250,000 cfs during that time perio¢§

3. Peaking flow fluctuations at Bonneville Dam were not common during the
spring of 1974,

4. Juvenile salmonid stranding mortality was not estimated in 1974; however
observations indicatea winimal mortality during the spring.

5. Ship-wash stranding appeared to be a significant source of juvenile mor-
tality in the Columlbia River downstream of Vancouver, Washington.

1975 Study
1. Stranding observations were conducted in the Bonneville Pool and downstream

of Bonneville Dam from mid-February through August.

2. Peaking flow fluctuations occurred at The Dalles and Bonneville Dams until
May 12, when the spring runoff began, and were resumed in early July.

3.  Minimum discharge experienced at The Dalles was approximately 56,000 cfs
and 140,000 cfs at Bonneville during the spring.

3.
10.

1.

12.

13.

14,

-29.

The estimated stranding mortality in the Bonneville Pool from March 2
through May 10 was 19,349 chinook, 816 coho, and 425 steelhead trout.

stranding in the Bonneville Pool was limited by the number of areas where
fish could be stranded.

The estimated stranding mortality in the Bonneville Dam to Vancouver reach

- fyrom February 2 througﬁ May 10 was 2,848 chinook, 310 coho, 1,243 chum, and

39 steelhead trout.

The lack of stranding in the Bonneville Dam to Vancouver reach was attributed
to the restrictive flow fluctuation rules which govern Bonneville Dam opera-
tion and the 140,000 cfs minimum flow experienced at Bonneville Dam.

Approximately 86% of the fish stranded by peaking fluctuations were fry in
the 30~ to 50-mm size range.

peaking-related juvenile stranding was not calculated for July and August
because stranding was infrequent.

Ship-wash stranding observations were conducted on the Columbia River down-
stream of the Willamette River confluence from February through August.

The estimated ship-wash stranding mortality in the Willamette River to
Cowlitz River reach was 145,003 chinook, 1,359 coho, 4,771 chum, and 537
steelhead trout from February through July 1975,

Of the fish stranded by ship-wash, 53% were from 30 to 45 mm and 47% in the
45- to 135-mm size range.

Ship-wash stranding was related to the size of the waves generated by the
ship; wave size is a function of ship speed, channel depth, distance from
shore, and vessel draft.

Seining data show that salmonid juveniles are abundant near-shore from late
March through June. Peak abundance occurred in early May.

Recommendations
Further stranding investigations in the Bonneville Pool after completion
of the second Bonneville powerhouse.

Rules which presently govern Bonneville Dam operation be maintained with
the following exceptions: (a) the 4-ft daily tailrace fluctuation limit
not be exceeded during the months of April, May, and June; and (b) if the
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average weekly discharge at Bonneville Dam is 140,000 cfs or less during
the above months, peaking fluctuations be terminated and a near-constant
flow maintained.
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APPENDIX I

Mathematic and Statistical Computations

5
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Mathematical and Statistical Computations

The mathematical and statistical parts of this study can conveniently be
k'ﬁregen into two sections. In the first section, an algorithm is devised to con-
yert transect measurements of high and low water into areas of exposure. In the
gecond section, relationships are derived which allow expansion of sampled mor-

: talities to total mortalities.
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; {} - (r 2 + 200%)
cos

SECTION I .
B = = 2(200) v,
The area of exposure between two transects can be estimated by a quadrilatery
drawn between high and low water marks. Such a quadrilateral is shown on the top g =0 -8

of Figure 1. This quadrilateral is bordered by points a'b'ba. The area of an

arbitrary quadrilateral is given by the formula With respect to the rectangular coordinate system with origin at 0 and Y axis

along transect T], the coordinates are as follows.

el

Point Polar coordinates Rectangular coordinates
where D] and D2 are the lengths of the diagnals and y is the angle between them, a (ra s ) O(' s YY) =(ra sin o , ry €os o)
Therefore, an algorithm is needed to compute these three quantities.
The method of analysis which was chosen was to use the base point of the left b (ry 5 B) (X" 5 ¥") = (ry sin 8, r, cos B)
most transect as the origin, and choose T]to be the Y axis. The coordinates of al (a' , o) (0, a')
a and b are then computed with respect to this origin. It seemed easiest to com- ’
pute the coordinates of a and b as polar coordinates, then change them to rec- b (b* , o) (0, b')

tangular coordinates to complete the analysis. Note that the analysis must take

into account that a and b can be negative., For the interested individual, the

following describes the sequence of calculations. A1l quantities refer to Figure
First, the coordinates of a and b with respect to the origin 0 must be

The rest of the analysis will now be in terms of rectangular coordinates mea-
sured from 0. The equations for lines Q] and 12 are

gt Y=al+ (9:::;%1) X

found.
,\/ 2, .2 ' . bt - y'
r, = V200" +a” - 2(200) a cos P (see note below) and £,: Y=0b"+ (~—:—§¥LO X .
a2 = raz + 2002 - 2(200) r, cos o Their intersection 0" is then given by the point where
2 2 2
- 2007) ' "
' = -1 {:a (Y‘a+ al + (- = Rt b! - y!
o4 coS — 2(200) ra (—_?ﬂy"‘) X b + (——:—x"¥‘) X o
’ The coordinates of this point are
a =8 -0
Similar] XO“ = BT (aIT:*b') T T
imilarly, (= ;'y ) - (& ~"x¥ )
[ 2 .2 ’ -
r.o="\200° + b° ~ 2(200) b cos B - ' "
b (200) o and Yo" =a' + (9__:;%_) Xo"
NOTE: for "a" negative
} : no.
ry = "\/2002 + a2 + 2(200) a cos @' L 0 (Xo“ ? Yo") .
o [a? - 7+ 200%) ;
. -
a’ = cos = 2(200) r,
a=a' +8

Similarly for "b" negative.

EX-0230-000033-TSS

EX-0230-000033-TSS



-36-

Let d] be the distance between 0" and b, and d2 the distance between 0" and a,
Then

1
4 =Mtge -7+ (e -7

)
3 12 "We
dz "\/(Xon - X ) + (YO“ - Y ) »
o [b-a)? - (a2 dzz)]
and vy = cos 5 ad .
172

If D] is the distance from a' to b and D2 is the distance from b' to a, then

o a1
D1 = \4:2 + (YY" - a')2 R

et o e e = et e -3
DZ:. X'2+ (YI _b,)z R

—

and A = ?-~D]D2 sin v.

Figure 1.

a negative
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SECTION 2 ;ik =a+bXy is the estimated relationship between gauge drop X3k
and the area of exposure Yike
. . ' Total mortalit
Total mortality estimates at each of the seven sites were made in the foly 5 _ Ofor period iy - Mi
ing three steps: i gzﬁpgggigge? K;
1. A linear relationship was derived relating the drop in gauge readings ?bre
to the area of exposure. ~ 5 AJoAy
- y 3 = ’
Yi =y ik Ni a+ b K ik

2. Estimates of the total area exposed for a specific site were then made

by a computer program scanning a time series of gauge readings. K

i i

it
=
o
+
o>

3. Total mortality estimates were then made by stratifying the data intg
2-week time periods. Total area exposed estimates and mortality densi
estimates were made for each time period, and the product taken for a
total mortality estimate. The total mortalty estimates for each perig
were then summed for a grand total mortality over all time periods.

’”~ A

M=7 Di Yi is the total estimated mortality for the site.

A variance estimate of M can be derived using the delta method (Rao, 1973)

‘statistics derived during the estimation of a and b. Assuming there are n
. - . . periods for which there are non zero esti fy. = Y.
Table 1 shows the data used in deriving the regression equations relating pert mates o Y1 and D, M =2 D1 Yw'

the drop in gauge readings to the area of exposure. When necessary, gauge read
were adjusted to a maximum critical height above which there is known to be 1it
or no area exposed. This critical height varied for each site, Table 2 contai
the estimated regression coefficients and supplemental statistics for each of t

“To apply the delta method, it is necessary to have estimates of iﬁé partial

ivatives

seven sites. Moy, (=V.) and
The computer program which scanned the time series of gauge readings opera
in a very simple manner. First, the program selected only those drops exceedin
. threshold value. The drops which exceeded this threshold were then adjusted
for t.~ critical height value and the area exposed estimated from the linear

regression equatinn. Total mortality estimates were then calculated as descri

covariance matrix of

in (3) above.
The following is a mathematical description of this procedure. The subscr

i refers to a 2-week period.

@ >
]

e

Yi is the estimated exposure for period i
Xi is the total of the drops in gauge readings for period i

Ni is the number of drops during period i

EX-0230-000035-TSS
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At this point, caution must be exercised since we wish to take into account the -
variance of estimating individual Yi values and not just the variance of the

e Adjusted Minimum
estimating line. It then follows that , gauge gauge Adjusted
e1iva§ion e1iya§ion %rog Ar?a expgsed
N 5 A 2 ~ A o site ft ft ft sq ft
var (Y,) = N,° var a+ X;% var b + 2N; X; cov (a , b) + Ny "¥Ix . ;;;;kitat 81.50 78.00 3.50 442,846
R T 1 82.00 75.20 6.80 776,229
5 Sy ~ N oty 8120 76,70 4,50 379,209
cov (¥; + ¥5) = Ny Ny var a + X; Xg var b+ (Ng X5 + N5 X;) cov (a o b) 8200 76.80 5.20 482420
6 2 81.40 74.50 6.90 767,898
and var D = yar K- (== M——-) assuming Mi is distributed with a Poisson - gg:gg ;g:zg g:?g g;g:gg;
distribution. 81.50 78.40 3.10 297,358
| 79.90 74,70 5.20 637,481
i also cov (Y. , D;) =0 forall i, 80,20 74.60 5.60 651,456
I8 Tl 81.10 75.60 5.50 666,490
! ~ ~ 80.40 75.80 4,60 546,895
and cov (D, , D;) = 0 for Isj. 78.30 77.40 .90 259,546
LI 81.60 76.00 5.60 715,891
81.00 76,10 4,90 487,893
Since all of the unknown elements allow estimates from Table 2, the covariance 82.00 77.10 4,90 378,804
matrix of @ , say Iy » is now easily estimated and the application of the delta . g}-?g ;§°gg g-;g ?22’222
method states that 81.30 76.80 4,50 493,545
81.10 76.50 4,60 513,892
~ n A ~
var (M) = var Z Di Yi Mosier 80,60 77.00 3.60 44,161
i=1 ~ ' 81.50 76.00 5.50 57,537
Dy 81.40 78.00 3.40 48,149
v vy . o 81.50 75.20 6.30 113,383
= (DyeesDy b Yieu¥y) g ] . 79.50 76.30 3,20 52848
N 79.30 76.50 2.80 54,367
Qn 81.50 74.10 7.40 139,774
Y 80.30 75,20 5.10 123,579
1 79,30 75,80 3.50 65,509
o 81.00 76,10 4,90 53,756
. 78.60 75,90 2,70 57,916
\\\§ ‘ 80,80 77 .60 3.20 26,553
n {Pierce Island 22.40 16.50 | 5.90 ' 196,250
20.60 19,50 | 1.10 | 136,977
N PUEIN N A A a9 A A9 22.20 19.80 { 2,40 i 83,581
and for each i, M, = Dy Y, , and var My = var Dy ¥, = Dy var Yo+ Y, var D 21.50 17.40 4,70 | 151,521
! 19.70 16.80 2,90 | 234,703
20,50 18.70 1.80 1 107,988
16.90 14.80 2.10 t 91,750
20.50 17.30 3.20 . 128,609
23.10 21.20 1.90 L 67,841
22.50 21.30 1.20 i 38,351
| 22.40 20,10 2,30 | 46,522
. 21.80 19.50 ; 2.30 47,518
(Continued)
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Appendix Table 1. ppendix Table 1.
Adjusted Minimum adiusted ] Adjusted MinTmum
Jauge gauge Juste gauge gauge Adjusted
Site e1%¥%§10n E]%¥i§1°n %?237 Ar?z E¥E?sed elevation | elevation drop Area exposed
4 | Site (ft) (ft) (ft) (sq ft)
Sandy River bar }?.88 %o?g $°88 Z?g’ggg \sovernment Island }$‘g8 9.90 2.10 278,094
11.00 10.00 1.00 323,925 | 1300 120 -70 83,858
11.00 9.90 1.10 245,526 . . 2.00 277,565
11.00 10.10 290 225054 12.10 10.1¢ 2.00 272,328
11.00 8.70 2.30 458.964 10.90 J-00 1.00 111,494
10. 00 7.40 2.60 654,894 .10 2.70 1.40 184,549
10.20 8.50 1.70 526,232 11.90 10.90 1.00 94,195
8.30 7.20 1.10 313,030
10.10 8.50 1.60 365.828
8.50 8.00 .50 168.127
11.00 10. 90 210 77,142
11.00 10.50 .50 49,877
11.00 11.30 - 00 11.802
McGuire Island 12.50 9.10 3.40 519,848
(transects) 12.50 10. 20 2.30 376,610
12.00 9. 90 2.10 410,884
12.20 11.20 1.00 120, 064
13.20 12.00 1.20 115,327
13.20 12.50 .70 75.324
13.20 12.30 .90 148,650
10. 60 8.80 1.80 641,203
9. 00 7.40 1.60 94.467
10.30 8.90 1.40 309,682
10.20 9.00 1.20 290,271
11.40 10.80 .60 59,069
10.10 9.00 1.10 359.01]
9.00 8.20 .80 175.463
10. 60 9. 80 .80 263.85]
13.00 12.80 .20 55.732
McGuire Island lc. 20 9.10 2.90 626,531
(radials) 12.00 10.20 1.80 225,274
12.00 9.90 2.10 311.813
12.00 11.20 .80 13,180
10. 60 8.80 1.80 559.725
9.00 7.40 1.60 271.793
10.30 8. 90 1.40 355.138
10.20 9.00 1.20 275.930
" 11.40 " 10.80 .60 31,054
10,10 9.00 1.10 444,336
10.60 9. 80 .80 172,713
9.00 ©8.20 .80 113.523
(Continued)
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Appendix Table 2.

Linear re jression coefficients relating drop in gauge readings to area exposed.

Fal

Site ) a b R? Var (a) Var (b) Cov (a,b) | 5,7,
jKTickitat 21 4,767.9 | 107,974 .1 748 | 5,046,448,683 206,286,225 -981,333,042 89,108.1
| osier 12 | -10,681.1 18,715.9 | .641 403,605,373 19,600,423 - 84,281,818 22,233.4
Pierce Island 12 38,778.2 27,765.1 .359 | 1,152,901,044 137,632,437 -357,844,335 51,672.7
Sandy River bar 14 24,880.8 | 237,165.6 | .917 908,017,554 425,870,880 -526,254,730 60,067.0
McGuire Island 16 33,706.8 | 164,746.3 | .541 | 3,812,491,972 11,644,644,690 | -2,168,875,185 |123,436.6
(transects)

McGuire Island 12 1+ -31,050.1 | 223,290.6 | .606 | 7,772,798,171 3,244,298,367 { -4,569,053,534 |126,714.5
(radials) |

Government Island 7 1-39,599.8 | 154,831.5 | .982 206,292,357 85,649,258 -124,803,205 13,078.8

;&(\
©w
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Potential stranding sites in Bonneville Dam to Vancouver, Washington

~ 1.
‘ ;@Ie reach.

s . Length of
A Location /i River mile beach (ft) Bed material
(1) Ives Island, east 143 3,400 Rubble and gravel
i end and south side
{ (2) pierce Island, south 141.5 2,250 Rubble and gravel
. side
1(3) Sandy Island, west end 135 1,750 | Sand
(4) sand Island, north side 131 5,000 ' Sand
~; (5) Rooster Rock State Park 129 E 3,250  Sand
| {6) Reed Island, east end 127.5 ; 3,125 % Sand
'(7)  Reed Island Slough 126.5-127.5 | 5,375  Sand
(8) Flag and Gary Islands | 124-125 | 6,875  Sand
: ! ‘ '
“(9) Sandy River Bar 120.5-123 13,750 . Fine gravel and sand
{10) McGuire Island, east ! 118 | 4,500 " Fine gravel and sand
end |
{11) sand Island, east end 118 3,000  Sand
- {12) Government/Lemon Island 113 ' 3,500 Sand
g Beach, south side

EX-0230-000039-TSS
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Table 2. Daily maximum and minimum discharge (cfs) measured at Bonneville Dam,
March through June, 1974.
March April Ma
Day Maximum Minimum Maximum Minimum Maximum Minimum Maximum
1 269,500 141,500 294,200 225,800 404,600 391,100 356,500
2 272,300 223,500 334,800 271,500 415,500 391,100 358,500
3 257,500 195,000 326,400 302,500 414,000 400,900 363,200
4 285,400 218,500 324,700 294,000 407,700 401,400 385,500
5 279,900 197,400 317,000 264,900 410,300 396,700 412,700
6 291,200 142,100 276,700 252,000 417,700 405,200 406,600
7 276,900 207,200 289,000 250,600 425,700 408,900 412,000
8 251, 300 212,600 313,600 270,400 424,700 415,700 408,000
9 250,700 214,500 293,200 268,000 432,100 414,700 402,100
10 251,500 144,400 295,700 270,900 420,400 384,900 403,200
11 233,000 145,300 303,600 290,500 385,800 369,700 404,100
12 253,400 218,300 305,600 282,800 370,900 317,000 404,400
13 255,200 173,100 312,300 308,500 325,700 305,500 424,200
14 254,000 230,600 312,500 282,800 313,900 289,400 445,100
15 256,300 251,600 287,200 265,100 314,700 296,100 474,200
16 255,500 188,200 308,200 264,900 314,000 289,100 491,000
17 237,500 166,300 329,400 305,100 324,900 277,000 540,700
18 279,600 216,100 318,800 305,000 338,700 318,600 549,400
19 290,600 215,000 323,000 312,600 324,300 315,900 560,900
20 289, 800 170,800 325,500 315,600 324,000 298,700 570,900
21 272,700 238,100 318,200 292,100 314,100 303,300 570,100
22 249,500 209, 300 310,500 292,600 309,400 299,600 570,400
23 251,400 248,300 323,400 291,400 303,500 300,200 568,800
24 251,000 222,538 326,200 261,300 323,800 293,600 578,500
25 279,200 177,100 290,900 261,000 327,000 319,100 561,300
26 277,800 175,400 370,900 288,000 325,600 311,800 562,900
27 277,900 231,000 385,800 363,600 360,700 312,400 559,800
28 313,500 231,200 407,300 371,400 377,300 355,800 553,300
29 313,100 142,800 397,500 380,400 388,200 355,400 533,100
30 312,200 281,100 406,900 339,300 411,300 379,100
31 280,700 235,500 377,000 358,400

10
11
12
13
14
15
16
17
18
19
20
71
22
23
2%

25

Table
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3. Daily maximum and minimum discharge (cfs) measured at Bonneville
Dam, July through September, 1974.

[::::7 July August September
Maximum Minimum Maximum Minimum Maximum Minimum
486,000 467,000 287,400 193,000 135,100 87,100
467,900 460, 000 249,200 150,300 135,500 110,000
464,900 459,700 226,300 156,200 179,100 133,700
465,900 446,600 211,800 143,000 171,700 143,100
452,700 438,200 256,000 167,500 177,000 139,300
438,800 401,700 236,200 152,000 171,900 131,900
403,900 378,000 236,900 156,700 157,200 113,200
383,000 370,000 229,900 161,100 133,900 82,800
370,400 316,800 229,000 176,800 160,700 121,800
318,900 306, 300 211,200 168,800 143,200 136,800
317,700 293,900 211,300 162,200 170,600 135,800
318,000 270,800 237,600 163,500 219,200 139,000
280,500 260,800 233,200 189,300 201,200 169,600
268,600 198,100 190,300 153,300 188,500 126,600
271,500 217,600 225,800 141,100 122,300 91,900
227,500 214,600 204,100 164,400 141,400 91,800
223,200 213,300 172,400 128,800 140,700 98,800
251,700 216,900 139,800 102,500 169,500 123,000
250,500 237,300 194,200 135,400 198,400 137,800
275,800 234,600 194,100 143,700 176,300 143,000
270,400 252,400 171,400 126,800 143,200 99,800
268,100 218,300 182,500 120,900 126,800 96,400
258,500 224,800 170,400 137,900 143,000 134,600
304,100 257,200 144,000 108,000 149,900 137,500
303,500 248,700 135,100 83,700 167,400 136,800
272,500 241,200 171,500 121,800 184,200 144,000
250,900 162,800 188,000 134,900 169,200 144,400
214,500 155,500 233,000 140,900 159,200 108,400
237,400 147,900 236,200 143,900 138,200 99,900
240,500 201,300 157,900 127,800 163,000 138,600
247,500 148,900 137,400 109,600

ﬁLXTOQ%TOﬁOtMO-TSS
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Table 4. Summary of observations at stranding sites on Columbia River be]0
Bonneville Dam, 1974.

Observed mortality Observed isoTat
Site Date Chinook Coho in_watered potp
Pierce Island 22 Mar 0 0 0
25 Mar 0 0 11
26 Mar 0 0 0 , /
28 Mar 0 0 0 5. Juvenile salmonids captured by beach seine
31 Mar 0 0 0 to Lewis River reach of the Columbia River 1?9;2e sonneville Dam
1 Apr 0 0 0 ’
24 Apr 0 1 0 ' Catch
Totals 0 7 T ) te Number sets. Chinook | Coho Chum Catch per set
Sandy River bar 14 Mar 0 0 12 March 4 24 1 0 6.25
15 Mar 68 12 0 rch 5 103 2 13 23.6
16 Mar 1 0 0 :
23 Mar 0 0 1 arch 4 153 0 2 38.77
25 Mar 6 4 0 April 4 595 37 0 158..00
29 Mar 0 0 0 August ; ; ; X .
13 May 7 9 0 0.71
Totals 57 75 73 August 6 38 0 0 6.33
gust 6 29
McGuire Island 17 Mar 0 0 0 1 f 0 5.00
25 Mar 0 0 0 1 ] 36 947 41 51 -
26 Mar 0 0 0
29 Mar 0 0 0
1 Apr 0 0 0
24 Apr 3 0 0
13 May 1 0 13
Totals 4 0 13
wo ernment Island 17 Mar 0 0 0
27 Mar 0 0 0
29 Mar 0 0 0
Totals [ 0 0 0
Bachelor Island 14 May 0 0 4
Mouth of Lewis 26 Apr 0 0 3007/
River | 14 May 0 0 ]OO—
Totals i 0 I 0 400

Y Estimated totals, fish were likely isolated by ship=-wash.
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Table 6. Summary of observations at the Klickitat site, (RM 180), including calculated exposed area and mortality estimates for observation days only,

1975.
Drop in
gauge Calculated
elevation | Area sampled Observed mortality sq. ft Calculated mortality
Date {(ft) {sq. ft) _ Chinook | Coho [ Trout exposed Chinook [ Coho | Trout Comments
3/2/75 1.5 61,650 3 0 0 326,894 16 0 0 No fish in potholes; little scavenger activity.
3/8/75 4.3 134,846 0 0 0 453,741 0 0 0 One salmonid in pothole; bird activity on east side.
3/9/75 7.6 193,471 4 0 | 707,339 15 0 4 No fish in potholes; coon tracks on site.
3/12/75 7.4 142,183 0 0 0 584,230 0 0 0 No fish in potholes; coon tracks on site.
3/15/75 3.8 136,908 0 0 0 442,846 0 0 0 No fish in potholes; no scavenger activity.
3/16/75 7.1 202,255 1 1 1 776,229 4 4 4 One catfish in pothole; coon tracks.
3/19/75 3.9 125,47¢ 13 1 0 379,209 39 3 0 No fish in potholes; all fish found were yeariings.
3/21/75 7.7 141,42¢ 3 0 0 482,420 10 0 0 No fish in potholes; coon tracks.
3/22/75 7.0 198,23 0 0 0 767,898 0 0 0 Three salmonids in potholes; heron and coon tracks.
3/28/75 4,2 116,23} 0 0 0 310,451 0 0 0 No fish in potholes; heron tracks. )
3/30/75 5.3 177,423 6 1 0 629,957 21 4 0 No fish in potholes; heron, seagull activity.
4/2/75 4.8 83,24) 2 0 0 297,358 7 0 0 No fish in potholes.
4/4/75 5.6 170,321 3 ) 0 650,017 1 0 0 No fish in potholes; coon tracks.
4/5/75 5.6 174,2¢0 0 i 0 637,481 0 3 0 No fish in potholes; coon tracks.
4/9/75 7.5 175,456 8 Q 0 640,148 29 0 0 Eight fish in potholes; heron tracks.
4/10/75 6.3 172,001 10 1 0 626,747 36 4 0 Three fish in potholes; no scavenging.
4/11/75 5.8 119,750 17 1 0 523,320 74 4 0 No fish in potholes; coon tracks.
4712775 5.8 141,649 6 0 0 651,456 28 ‘ 0 0 16 fish in potholes; heron tracks. .
4/17/75 5.8 185,011 22 3 1 666,490 79 110 4 One fish in potholes; no scavenging. o1
4/18/75 4.9 144,098 3 0 0 546,895 11 . 0 0 Two fish in potholes; crows present. t
4/19/75 1.0 96,545 2 0 1 259,546 5 0 3 No fish in potholes; no scavenging.
4/23/75 5.8 194,987 2 1 0 715,891 7 4 0 No fish in potholes; no scavenging.
4/24/75 4.9 157,488 4 0 0 487,893 12 0 0 One fish in potholes; muskrat on site.
4/26/75 5.5 127,286 5 0 0 378,804 15 0 0 No fish in potholes; no scavenging.
4/30/75 7.1 182,038 18 2 0 726,369 72 8 0 No fish in potholes; cow, coon, and muskrat tracks.
5/1/75 | 5.9 185,856 8 1 0 659,269 28 4 0 Three fish in potholes; heron tracks,
5/2/76 i 4,7 124,658 27 0 0 397,675 86 |, 0 0 No fish in potholes; no scavenging.
5/3/76 5.4 109,566 0 0 0 312,285 0 0 0 15 fish in potholes; no scavenging.
5/7/75 4.4 71,650 0 0 0 162,464 0 0 0 One fish in potholes; no scavenging.
5/8/76 6.6 175,898 13 2 2 493,545 36 6 6 11 fish in potholes; bird tracks.
5/9/75 4,8 147,840 : 3 0 0 513,892 10 0 0 33 fish in potholes; coon tracks.
5/10/75 5.2 157,670 3 1 0 543,052 10 3 0 One fish in potholes; coon tracks.
7/18/75 - 313,030 0 0 3 871,835 0 0 8 Three whitefish and two trout in potholes.
7/20/75 - 206,640 0 0 0 597,053 0 0 0 One fish in pothole; heron tracks.
7/26/75 - 227,233 0 0 0 732,013 0 0 0 One whitefish and four bass juveniles stranded.
8/1/75 - 97,900 0 0 0 no est. 0 0 0 Two juvenile bass stranded,
8/20/75 | - 92,930 0 0 0 no est, 0 0 0
{
Totals 186 16 9 661 57 | 29 /

Table 7. Estimated area exposed and mortality during indicated time period and within the transected portion
of the Klickitat sample site, 1975.

~
L

Number of Estimated sq. Estimated mortality o

Time period flow reductions ft exposed Chinook | Coho | Chum | Trout | Totals | Standard deviation
3/2-3/15/75 56 13,407,452 140 0 20 160 64

3/16-3/29/75 53 11,946,295 259 30 15 304 92

3/30-4/12/75 50 12,623,026 541 42 0 583 125

4/13-4/26/75 44 8,599,376 380 38 19 437 127 '
4/27-5/10/75 51 10,403,527 648 54 18 720 187 g}
Totals 254 56,979,676 1,968 164 72 | 2,204 479
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Table 8. Summary of observations at the Mosier ¢« ite, (RM 175},

including calculated exposed area and mortality estimates for observation days only,

1975.
Drop in
gqauge Calculated
elevation | Area sampled Observe: mortality sq. ft Calculated mortality
Date {ft) (sq. ft) Chinook | Coho [ Trout exposed Chinook | Coho | Trout Comments
3/2/75 1.5 i 3 0 0 i 0 0 0 | Transects removed by vandals.
3/12/75 7.6 24,696 0 0 0 44,161 0 0 0 No fish in potholes; muskrat tracks.
3/13/75 6.4 31,536 ( 0 ¢« 0 57,537 0 0 0 | No fish in potholes; no scavenging.
3/15/75 3.8 31,737 4 0 0 48,194 3 0 0 @ No fish in potholes; coon tracks.
3/16/75 7.1 52,324 2 0 0 113,383 4 0 0 No fish in potholes; no scavenging.
3/19/75 3.9 12,561 i 0 0 18,378 10 0 0 No fish in potholes; no scavenging.
3/2V/75 7.7 24,350 1 0 0 42,963 2 0 0 Two fish in potholes; no scavenging.
3/23/75 3.4 31,179 0 0 0 52,848 0 0 0 No fish in potholes; no scavenging.
3/26/75 4.1 29,778 7 0 0 46,492 11 0 0 One fish in potholes; no scavenging.
3/29/75 2.8 30,053 3 0 0 54,367 5 0 0 No fish in potholes; no scavenging.
4/3/175 8.2 60,652 24 0 0 139,744 55 0 0 No fish in potholes; no scavenging.
4/6/75 2.9 49,082 15 0 0 123,597 38 0 0 No fish in potholes; no scavenging.
4/10/75 6.3 20,548 0 0 0 38,657 0 0 0 No fish in potholes; no scavenging.
. 4/13/75 1.6 | 12,565 0 0 0 65,246 0 0 0 No fish in potholes; no scavenging.
- 4/17/75 5.8 ‘ 34,908 1 0 0 76,157 2 0 0 One fish in potholes; coon tracks.
~4/18/75 4.9 ' 33,618 2 0 0 65,509 4 0 0 Two fish in potholes; no scavenging.
©4/20/75 1.5 13,886 0 0 0 21,237 0 0 0 No fish in potholes; no scavenging.
4/23/75 5.8 25,470 0 0 0 ! 53,756 0 0 0 One fish in potholes; bird tracks.
S 4/24/75 4.9 28,038 0 0 0 | 50,659 0 0 0 No fish in potholes; bird tracks.
4/30/75 7.1 i 15,271 0 0 0 : 57,916 0 0 0 No fish in potholes; bird and animal tracks.
\ 5/1/75 5.9 : 28,284 2 0o « 0 67,581 5 0 0 No fish in potholes; bird and animal tracks.
15/2/75 4.7 17,190 2 0 ;0 37,313 4 0 0 No fish in potholes; animal tracks.
1 5/8/75 6.6 20,172 1 i 0 0 33,368 2 0 0 Three fish in potholes; animal tracks.
1 5/8/75 4.8 22,980 0 0 0 41,757 0 0 0 12 fish in potholes; animal tracks.
!5/11/75 3.4 14,876 1 0 0 ! 26,553 2 0 0 Two fish in potholes; no scavenging.
| Totals 73 0 0 147 0 0

A area could not be calculated because marker stakes were removed.

“ES-

Table 9,

Estimated area exposed and mortality during indicated time period and within the

of the Mosier sample site, 1975.

transected portion

_ . Number of Estimated sq. Estimated mortalit

Time period flow reductions ft exposed Chinook | Coho | Chum Trdﬁt Totals | Standard deviation
3/2-3/15/75 56 1,617,654 37 0 0 37 30
3/16-3/29/75 53 1,400,785 155 0 0 155 81
3/30-4/12/75 50 1,585,762 475 0 0 475 188
4/13-4/26/75 44 941,079 19 0 0 19 16
4/27-5/10/75 51 1,107,726 64 0 0 64 47

Totals 254 6,653,006 750 0 0 750 319
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Table 10. Mortality per linear foot of sampled beaches used to calculate morty 2 - 5 3= 2 %
at unsampled stranding beaches, 1975. £ = = g Zx . .3
2 S ool OoSGe s o3 S-e
Beach Mortality per Tinear foot ofp g 8 £E- drrtrrvEc =2 Zg
Site Time period length (ft) | Chinook Coho Trout | e a $.555 25S5°84F8 585 5%
N : 5 SEEEY SEiieiil 2% fgy
Klickitat 3/2-3/15/75 1,066 0.1313 | 0,0000 | 0.0188 5 B oprmadl ganagols o Sl
3/16=3/29/75 1,066 0.2430 | 0.0281 | 0.0141 5 Sl ngee2 feeegr-lg 22 225 .
w 3/30-4/12/75 1,066 0.5075 | 0.0394 | 0.0000 8 TEine $oY¥rc¥52 U 2274483
W 4/13-4/26/75 1,066 0.3565 | 0.0356 | 0.0178 z TETTE S5locond SE ELTSDoS
i 4/27-5/10/75 1,066 0.6079 | 0.0507 | 0.0169 5 §ES8s B5eBreEz_ 58 $538Bg%
5 el RS P82 a888 %%
Mosier 3/2-3/15/75 322 0.1149 | 0.0000 | 0.0000 2 SEFEeSEE SR 282 Rt e e 5 R
3/16-3/29/75 322 0.4814 | 0.0000 | 0.0000 2 R AR R S A I R
3/30-4/12/75 322 1.4752 | 0.0000 | 0.0000 @ CSCC 2R T L5855 E232I0TEyY
4/13-4/26/75 322 0.0590 | 0.0000 | 0.0000 £ NO228 22522 28 88 22268
4/27-5/10/75 322 0.1988 | 0.0000 | 0.0000 ¥
g VJW o O OO QOO0 O OO OO OO0
Pierce Island 3/2-3/15/75 1,200 0.0483 | 0.0000 | 0.0000 m =5
3/16-3/29/75 1,200 0,0758 | 0.0000 | 0.0000 v 8
3/30-4/12/75 1,200 0.0208 | 0.0000 | 0.0000 1 g2l 6 coo ocoococo co co cmooo
4/13-4/26/75 1,200 0.0000 | 0.0000 | 0.0000 3 28
4/27-5/10/75 1,200 0.0200 | 0.0100 | 0.0000 s =l
Sandy River 2/2-2/15/75 1,600 0.0000 | 0.0300 | 0.0000 g T T T R
2/16=3/1/75 1,600 0,0000 | 0.0000 { 0.0000 - -
3/2-3/15/75 1,600 0.0106 | 0.0000 | 0.0000 E - ~ = S S
3/16-3/29/75 1,600 0.0000 | 0.0000 | 0.0000 - Sow 2r 55883 g 8 T2
3/30-4/12/75 1,600 0.0756 | 0.0000 { 0.0000 o 5.2 el et - R
4/13-4/26/75 1,600 0.0694 | 0.0000 | 0.0038 = =G 8 2o ®egee = N eosw
4/27-5/10/75 1,600 0.0000 | 0.0000 | 0.0000 * ©
| g 5
- e T o OO0 OOOOO [ I ) OO OOOO
1w ..NC
£ =
Table 11. Estimated totai juveniie mortaiity in the Bonneville Pool for : m ha{ S "
the period March 2 through May 10, 1975. £ o
=8 %M O o, —~NOOO O Or OO0
- Estimated mortality Standard 2 i
Time neriod Chinook Coho Trout Total deviation | - S
“Zw«,nj 2-March 19 1.213 0 116 duwmm 354 m m\l = OOU~ coooo o0 00 0000
March 16-March 29 3,120 149 89 3,358 552 1 mf mw mmmmm ww Mm. mem
March 30-April 12 8,050 209 0 8,259 887 mm gg T4 TomTT wR T omas
2
April 13-April 26 2,444 189 113 2,746 679 MJ. N )
5 Sy [l
April 27-Hay 10 4,522 269 107 4,898 1,008 2% [Fgf
Totals 19,349 L3 175 70,590 2,743 By 8558 & SCL ST3ET M a2 a3
B - = -
.nm n [CeNToNTe] w wn Lo
® = NN NN INN RIS R peen e
a of o mmm Ses22 -2 NS Tooo |3
& | 3 35> sssse ST I5 voss o

Area estimates not calculated because sampliers could not determ

1/
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Table 13. Estimated area exposed ard mortality during indicated time period and within the transected portion
of the Pierce Island sample site, 1975.

Number of Estimated sq. Estimated mortality o

Time period flow reductions ft exposed Chinook | Coho | Chum | Trout | Totals Standard deviation
3/2-3/15/75 20 2,238,787 58 0 0 58 4?2 é}
3/16-3/29/75 16 1,817,129 91 0 0 91 93 :
3/30-4/12/75 20 1,855,628 25 0 0 25 19

4/13-4/26/75 15 1,397,968 0 0 0 0 0

4/27-5/10/75 17 1,400,559 24 12 0 36 23

Totals 88 8,710,071 198 12 0 210 109

Table 14, Summary of observations at the Sandy River Bar site, (RM 122), including calculated exposea area and mortality estimates for observation
days only, 1975,

Drop 1n "
gauge Calculated
elevation | Area sampled Observed mortality sq. ft Calculated mortality
Date (ft) {sq. Tt} Chinook ! Coho Chum exposed Chinook | Coho | Chum Comments
2/6/75 2.1 92,460 0 1 0 552,685 0 6 0 No fish in potholes; no scavenging.
2/23/75 3.4 51,300 0 0 0 478,2091/ 0 0 0 No fish in potholes; no scavenging.
2/28/75 0.3 31,400 0 0 0 ~ 0 0 0 No fish in potholes; no scavenging.
3/11/75 2.5 59,470 0 0 0 323,925 0 0 0 No fish in potholes; no scavenging.
3/12/75 2.2 52,720 , 1 0 0 245,526 5 0 0 Nine fish trapped in patholes; no scavenging.
3/30/75 2.2 59,694 ! 0 0 0 225,054 0 0 0 No fish in potholes; no scavenging.
4/4/75 1.9 97,600 : 0 0 0 458,949 0 0 0 : Two fish in potholes; 12 chinook, 1 chum, and 1
i ‘ f trout fry found dead off transect,
4/6/75 1.6 140,960 11 .0 7 654,894 51 0 33 ! Approx. 130 fish trapped in well-watered potholes;|
; no scavenging. A
4/12/75 1.7 166,800 3 0 0 526,232 10 0 0 | Entire exposed are inspected yielding total mor- !
‘ : tality of 8 chinook and 11 chums. Crow and
: coon tracks on site,
4/13/75 1.3 167,300 3 0 2 313,030 6 0 4 | Nine fish in potholes; scanvenging by crows
{ ; occurred prior to sampling.
4/18/75 . 1.1 154,880 4 0 1 365,828 10 0 2 i 11 fish in potholes; no scavenging.
4/19/75 ) 0.9 71,569 11 0 4 168,127 24 9 ! Approx. 90 fish trapped in large potholes; no
4 scavenging.
4/24/75 1.02/ 77,142 ] 0 0 77,142 2 0 0 . Entire area inspected; no scavenging.
5/1/75 | = 24,320 0 ¢ 0 0 0 0 0 0 ¢ No fish in potholes; no scanvenging., Site nearly
: ; i : j covered at these flows.
1 5/3/75 | 0.4 5,200 0 0 0 11,802 0 0 0 | No fish in potholes; no stranding potential at
i 1 these flows.
! i
Totals 35 i 1 14 108 6 48 i

1 . ,
E/ Area estimate not calculated because samplers could not determine high-water line.
2/ Washougal gauge malfunction.

EX-0230-000045-TSS




S0 L YPUVLU U U~ X3

Table 15. Estimated area exposed and mortality during indicated time period and within the transected portion
of the Sandy River Bar sample site, 1975.

Number of Estimated sq. Estimated mortality

Time period flow reductions “t exposed Chinook | Coho | Chum ! Trout | Totals Standard deviation
2/2-2/15/75 16 ¢,333,876 0 48 0 0 48 48

2/16-3/1/75 14 3,405,438 0 0 0 0 0 0 :%
3/2-3/15/75 15 1,834,324 17 0 0 0 17 17 !
3/16-3/29/75 9 595,242 0 0 0 0 0 0

3/30-4/12/75 16 3,952,083 121 0 61 0 182 42

4/13-4/26/75 13 2,526,761 111 0 43 6 160 36

4/27-5/10/75 12 548,973 0 0 0 0 0 0

Totals 95 17,196,717 249 48 104 6 406 77

Table 16. Summary of observations at the McGuire Istand site, (RM 118), including calculated exposed area and mortality estimates for observation
days only, 1975,

Drop 1n
gauge Calculated
elevation | Area sampled Observed mortality sq. ft Calculated mortality
Date (ft) (sq. ft) Chinook | Coho Chum exposed Chinook | Coho Chum Comments
h 1

2/23/75 3.4 / 101,040 0 0 0 1,146,379 0 0 0 No tish in potholes; no scavenging.

2/28/75 — 51,300 0 0 0 279,985 0 0 0 No fish in potholes; no scavenging,

3/11/75 2.5 207,609 0 | 0 0 601,884 0 0 0 No fish in potholes; no scavenging.

3/12/75 2.2 187,441 0 I 0 0 722,697 0 0 0 No fish in potholes; no scavenging.

3/13/75 1.0 64,148 0 | 0 0 133,172 | 0 0 0 No fish in potholes; heron tracks on site.

3/19/75 1.2 29,877 0o . 0 9 115,327 | 0 0 35 No fish in potholes; no_scavenging.

3/21/75 1.5 18,602 0 ! 0 0 | 75,324 | 0 0 0 No fish in potholes; no $cavenging.

3/26/75 0.1 6,158 0 0 0 23,967 | 0 0 0 No fish in potholes; very little stranding area
exposed, ]

3/29/75 2.0 38,651 0 0 0 148,650 0 0 0 Dead, spawned-out smelt abundant on beach; no %3
salmonids in potholes.

472775 0.4 10,965 0 0 0 42,227 0 0 0 Gulls resting on site at arrival; no fish in
potholes,

4/4/75 1.9 271,069 0 0 0 1,236,928 0 0 0 No fish in potholes; gulls on site at arrival.

4/6/75 1.6 63,289 10 0 20 336,260 53 0 116 No fish in potholes; gulls on island at arrival.

4/9/75 1.4 167,548 16 0 11 664,820 65 0 44 No fish in potholes; very Tittle gull activity.

4/12/75 1.2 95,526 0 0 ¢ 1 566,201 0 0 6 Three fish in potholes; heron and gull tracks.

4/16/75 0.6 29,123 0 0 7 0 90,123 0 0 0 No fish in potholes; no scavenging.

4/18/75 1.1 158,729 0 0 0 803,347 0 0 0 No fish in potholes; no scavenging.

4/19/75 0.7 70,420 1 0 5 288,986 4 0 21 Six fish in potholes; no scavenging,

4/23/75 0.8]/ 116,000 0 0 0 436,564 0 0 0 One fish in potholes; no scavenging,

5/1/75 ! 125,559 1 1 0 299,371 2 2 0 No fish in potholes; heron tracks on site.

5/4/75 0.4 28,610 0 0 0 55,735 0 0 0 No fish in potholes; small stranding potential.

5/10/75 0.6 73,317 0 0 0 87,331 0 0 0 No fish in potholes; heron and coon tracks on
site.

5/11/75 0.5 31,773 0 0 0 39,370 0 0 0 No fish in potholes; Tittle stranding potential.

Totals 28 1 46 124 . 2 222

1/

~ Washougal gauge malfunction.
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Table 17.

Estimated area exrosed and mortality during indicated time period and within the transected portion
of the McGuire Is” and sample site, 1975.

Number of Estimated sq. Estimated mortality
Time period flow reductions f1 exposed Chinook | Coho | Chum | Trout | Totals | Standard deviation
3/2-3/15/75 15 6,934,400 0 0 0 0 0 0
3/16-3/29/75 9 3,219,190 0 0 311 0 31 98
3/30-4/12/75 16 6,677,816 304 0 373 12 689 122
4/13-4/26/75 13 4,686,902 13 0 63 0 76 26
4/27-5/10/75 12 2,616,388 11 11 0 0 18 14
Totals 65 24,134,696 328 11 747 12 | 1,098 184

P lg-.

_29_

Table 18. Summary of observations at the Government Island site, (RM 113}, including calculated exposed area and mortality estimates for observation
days only, 1975.
Drop in
gauge Calculated
elevation | Area sampled Observed mortality sq. ft Calculated mortality
Date (ft) (sq. ft) Chinook | Coho | Chum exposed Chinook | Coho | Chum Comments

3/12/75 2.2 65,998 0 0 0 278,094 0 0 0 No potholes formed; heron tracks along beach.

3/14/75 n.7 20,007 0 0 0 83,850 0 0 0 No potholes formed; crow at site on arrival.

3/20/75 1.0 10,585 0 ) 0 44,975 0 0 0 No potholes formed; no-sgavenging.

3/22/75 2.4 64,327 0 0 0 277,565 0 0 0 One stranded catfish; no scavenging.

3/30/75 1.9 61,993 0 0 0 248,993 0 0 0 Dead smelt (?pawned-out) abundant; gulls present
at arrival.

4/3/75 1.9 71,499 2 0 2 272,328 7 0 7 Dead smelt present; no potholes formed.

4/5/75 1.1 25,659 0 0 0 111,494 0 0 0 Four fish observed in large pothole off transect
area,

4/10/75 0.3 51,356 0 0 0 51,356 0 0 0 Inspected all of site. Pothole off transect area
containing approximately 200 trapped chinook
and chum fry.

4/13/75 n.8 92,008 0 0 0 92,008 0 0 0 A1l of site inspected; pothole noted on 4/19/75
inspected and only two dead chum remained.

4/17/75 1.4 42,455 0 0 0 184,549 0 0 0 No pothole formed; heron tracks.

4/20/75 0.6 127,94 0 0 1 127,914 0 0 1 No pothole formed; geese on island when arrived.
Entire site inspected.

4724775 1.0 94,195 0 0 0 94,195 0 0 0 Entire site inspected; no scavenging.

4/26/75 0.4 34,110 1 0 0 34,110 2 0 0 Entire site inspected; no scavenging,

5/2/75 Ry 61,600 0 0 0 0 0 0 0 No pothole formed; no scavenging.

5/4/75 0.4 69,294 1 0 0 69,294 ] 0 0 Entire site inspected; no scavenging.

5/8/75 0.8 196,843 0 0 0 196,843 0 0 0 Entire site inspected; crow and gull tracks.

Totals 4 0 3 10 0 9

1/

~ Washougal gauge malfunction.

EX-0230-000047-TSS



-64-

-63-
20. gstimated total juvenile mortality from Bonneville Dam to Vancouver,
- washington, February 2 through May 10, 1975.
o =
- S : Estimated mortality Standard
§_ ke Time period Chinook | Coho Chum | Trout | Total | deviation
-
o o 2-February 15 0 216 0 0 216 219
g ooy o |S R 16-March 1 0 0 0 0 0 0
o v “p-March 15 477 0 0 0 477 299
b K h 16-March 29 629 0 311 0 940 649
© = roh 30-April 12 1,042 0 669 12 1,723 261
z & §1 13-April 26 519 0| 263 | 27 809 164
5% 41 27-May 10 181 94 0 0 275 159
- ] R N ‘ 2,848 310 11,2431 39 4,440 848
o= [1+3 <t g (Vo)
£ +2
+3 o
op— o
=
?% g8l @ @ 2o olo ple 21. Average rate of drop in gauge elevation (ft/hr) and equivalent water
- 515 volume (cfs/hr) calculated at 2-week intervals at The Dalles Dam
8 |- tailrace (RM 192), Bonneville Dam tailrace (RM 145), and Washougal
= & gauge (RM 122.9) from March 2 through May 10, 1975.
[= % ClE
'%_’ ;f:; IR R The DaHesl[ Bonnevﬂ]e—l—/ Washougal—z-/ :
) - = . i Approx. Approx. . Approx.
§ E% oo o6 o0 olo {Time period ft/hr cfs/hr ft/hr 1; cfs/hr | ft/hr cfs/hr I
.§ i -3/15/75 0.699 20,000 0.439 7,700 0,156 | - :
© N 6-3/29/75 0.681 19,500 0.375 6,600 0,144 -
= gl ©o oy © <y 1/30-4/12/75 0.689 19,700 0.381 6,700 0,131 -
o <= /13-4/26/75 0.592 16,900 0.373 6,500 0.125 -
e = ;27-5/10/75 0.619 17,700 0.303 5,300 ' 0.100 -
e X
he) 4
:;55 < ates computed for all drops of 0.5 ft or greater.
e ol R Rates computed for all drops of 0.25 ft or greater; rating rable for flow
S, 2o oo 5 ~ 1o |» not available,
e o N L N -
O o g X N O W W [an]
£ E E o O = W O LD <t
= S '2;: :} :} :} :; *® ;; k_le 22, Average size of flow reductions expressed as drop in gauge eleva-
sg |9 tion (ft/drop) and water volume (cfs/drop) calculated at 2-wéek
o Intervals at The Dalles tailres, Bonneville tailrace, and Washougal
335 @ gauge from March 2 through May 10, 1975.
o o ;
X 42 Y o= :
2 é S.§ . The Da]]esi/ Bonnevi]]el/ washouga1g/
DE 3D ©w o © O o ) pprox. Approx. . Approx.
p § '% bt © Time period ft/drop | cfs/drop | ft/drop | cfs/drop | ft/drop | cfs/drop
88 [F3 31%*-3/15/75 2.20 62,900 2.64 | 46,200 .39 | - ,,
5 o = 3/36-3/29/75 - 2.11 1 60,300 | 2.69 47,100 15.9 -
£5 - éflgj%ﬁg 231 66,000 © 1.95 34,100 . 1.09 - |
4 O W W W ol 1.79 51,100 1.81 . 31,700  0.97 -
L -] B R NN N MONS 2.00 57,100  1.57 27,500  0.82 -
° S w N - N
~ p I O U S I 4 Calculated f d f
fg ‘g SE 53 Eﬁ 2 EE _§ Y, ed for all drops of 0.5 ft or greater.
3 S eesIIle alculated for all drops of 0.25 ft or greater; rating table for discharge

not avai
lable. EX-0230-000048-TSS
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Calculated ship-wash stranding mortality at observation sites during sample periods 6n\y, 1975.
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Table 24.
Number of
Mortality rate (fish/ship) ships Calculated mortality

Site Month Chinook 1 Coho | Chum | Trout | passing site | Chinook | Coho | Chum ] Trout Total
Fishtrap | February 6.0 0.0 0.0 0.0 280 1,680 0 0 0 1,680
Shoal March 5.1 0.0 0.2 0.05 286 1,459 0 57 14 1,530
April 1.4 0.0 0.3 0.0 324 454 0 97 0 551
May (1-15) 1.5 0.0 0.0 0.0 138 207 0 0 0 207
Totals 1,028 3,800 0 154 14 3,968
Marshall | May (16-31) 13.9 0.0 0.0 0.07 138 1,918 0 0 10 1,928
Beach June 1.6 0.0 0.0 0.0 342y 547 0 o™ 0 547
July 0.0 0.0 0.0 0.0 110~ 0 0 0 0 0
Totals 590 2,465 0 0 10 2,475
Austin March 5.4 0.3 0.0 0.0 286 1,544 86 0 0 1,630
Point April 29.8 0.06 | 2.7 0.3 324 9,655 19 875 97 10,646
May 1-15) 21,8 0.9 0.3 0.0 138 3,008 124 41 0 3,173
June (25=30) 4,7 0.0 0.0 0.0 571y 268 0 0 0 268
July 1.7 | 0.0 | 0.0 0.0 110~ 187 0 0 0 187
Totals 975 14,662 229 916 g7 15,904
Woodland | April 21. 0.0 0.3 0.0 324 6,966 0 97 0 7,063
Bar May (1-15) 12.8 0.3 0.0 0.0 138 1,766 41 0 0 1,807
Totals ' 462 8,732 41 97 0 _8,8/0
Hoagy's April 5.4 0.0 0.4 0.0 324 1,750 0 130 0 1,880
May 9.8 0.0 0.0 0.0 276 2,705 0 0 0 2,705
June 10.8 0.0 0.0 0.1 342 3,694 0 0 34 3,728
July 0.0 0.0 0.0 0.0 110 0 0 0 0 0
Totals ' 1,052 8,149 0 130 34 8,313

Y Ship numbers adjusted since stranding occurred at night only,

EX-0230-000049-TSS
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Table 25, Summary of ship-wash stranding observations at Marshall Beach
(RM 97), Sauvies Island, 1975.

‘§1e 26. Summary of ship-wash stranding observations at Austin Point
2 (RM 86), 1975.
Numbgr . Observed mortality ' MoFE;ﬁTgw
Date of ships Chinook Coho Chum Trout Total per~§ﬂﬁl* i Number Observed mortality Mortality
j of ships | Chinook | Coho | Chum | Trout | Total | per ship
| May 23 6 177 0 0 1 178 29.7
May 31 9 32 0 0 0o 32 8.6 3 1 0 0 0 1 0.3
“Totals TS 209 o0 1 210 Ay 1.0 I M 01 00 i 2.8
i | B 4 31 3 0 0 34 8.5
June 5 | 7 13 0 0 0 13 1.9 March 12 5 > ) ) . IO
June 12 9 13 0 0 0 13 1.4 March i ; 0 0 0 3 1.5
Totals ‘ 16 26 0 0 0 55 AV March 2 .
. March 23 4 0 0 0 4 1.0
July 30 3 ' 0 0 0 0 0 March 26 2 1 0 0 8 4.0
‘ AV. 5.
Grand totals 34 235 0 0 1 236 otals 22 119 6 0 0 125 5.7
Bpril 5 2 48 0 0 0 48 24,0
April 6 2 231 0 4 0 235 | 117.5
April 7 1 95 0 8 1 104 | 104.0
ppril 10 4 90 1 11 2 104 52.0
April 16 5 1 0 0 1 12 2.4
April 17 2 2 0 0 1 31 1.5
April 26 2 60 0 26 0 86 43.0
Totals 18 537 1 49 5 592 [Av,32.9
May 1 10 268 8 0 281 28.1
| May 8 5 59 5 0 64 12.8
 [TotaTs 15 327 13 0 345 [ Av.23.0
| dune 26 3 14 0 0 0 14 4.7
] duly 10 3 5 0 0 0 5 1.7
August 14 3 0 0 0 0 0 0.0
Grand totals 64 1,002 20 54 5 1,081

EX-0230-000050-TSS
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Table 27. Summary of ship-wash stranding observations at Woodland Bar Table 28, Summary of ship-wash stranding observations at Hoagy's Bar
! (RM 82), 1975. (RM 57), 1975,
| Number Observed mortality Mortality e Number Observed mortality Mortality
Date of ships | Chinook | Coho ' Chum | Trout | Total | per ship ' Date of ships | Chinook | Coho | Chum | Trout | Total | per ship
April 10,131/ 0 202 0, 0 0 202 0.0 ppril 3 1 ;36 0 3 0 39 39.0 !
April 162/ 5 210 0 | o | 2 42,2 april 9 2 o o | o 1.0 |
April 17 2 . 5 0 2 0 7 2.5 | April 13 1 0 0 0 0.0
April 26 3 0 0 0 0 0 0.0 April 30 3 0 0 0 0 0.0
Totals 10 215 0 3 0 218  Iay 21.8 "fotals 7 38 0 3 0 41 Av. 5.9
May 7 10 226 5 0 0 231 23.1 May 24 8 96 0 0 0 96 12.0
May 14 8 4 0 0 0 4 0.5 { May 28 6 41 0 0 0 41 6.8
Totals 18 230 0 0 235 Av,13.1 Totals 14 137 0 0 0 137 [Av. 9.8
July 73/ 0 38 0 0 0 38 0.0 June 5 1 78 0 0 2 80 7.3
|
| June 12 12 192 0 0 0 192 16.0
‘Grand totals 30 | 446 | 5 3 o | 454 June 27 2 1 i 0 ] 0.5
' : Totals , 2/ 292 0 0 2 294 Av, 10.9
Y Spot check at site, mortality result of unobserved ships and are not July 6 2 0 0 0 0 0.0
included in totals.
2/ Includes estimated 200 juveniles trapped in shallow depression which iuly}?O ‘ Z 8 8 g 8 7 2.8
dewatered after leaving site. orals ‘ , —
August 16 Y 0 0 0 | o0 0 0.0
Grand totals | 52 467 0| 3| 2 | a7

y No ships passed the site.

EX-0230-000051-TSS
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| Table 29. Averaged ship-wash stranding mortality
X rates used to calculate mortality in
, Willamette River to Cowlitz River

66
EX-0230-000052-TSS

reach, 1975. S 2IeTE I T3S BSIB LTS Bo

Average mortality rate (fish/ship) & g = I 02232235350 3 2R T g 2 22Ln g5 2
Month Chinook Coho Chum Trout
February 6.00 0,00 0.00 0.00 ©w s~ OO0 0o o R N AR =T =N =R T e R s N
March 5.25 0,15 | 0.0 | o0.03 ‘ L
April 14,53 0.02 0.93 0.08 e - e e ey S e e O 00000000000 00O
May 1-15 12.03 0.40 0.20 0.00 ; N S . . L
May 16-31 11.85 0.00 0.00 0.04 , L2RLLT LB ERTPODTNWLNWLNO O -
June 5.70 0,00 | 0.00 | 0.03 S S N R
July 0.07 0.00 0.00 0.00 e o0 - e ¥ s e000 00000000000 00000 00 o0

O O O O OO0 O 0 O 0000 000
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Table 30. Ship-wash stranding mortality estimates for all sites on
the Willamette River to Cowlitz River reach, February
through July, 1975.
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Figure 2. Datly flow fluctuations in the Columbia River measured fn the Bonneville Dam taflrace (RM 145.5), March through September 1974
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Plate 1.

Sample site at the mouth of the Klickitat River, Bonneville Pool;
Tines showing approximate location fo sampling transects. The
Dalles Dam discharge is approximately 100,000 cfs.
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Plate 2. Stranding area at Pierce Island, lines showing approximate location of sampling transects.
Columbia River flow is approximately 80,000 cfs.

Plate 3. Stranding area at Sandy River bar, lines showing approximate location of sampling transects.
Columbia River is approximately 80,000 cfs.
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Plate 4. Stranding area at McGuire Island, 1ines showing approximate Tocation
Columbia River flow is approximately 80,000 cfs.
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Plate 5. Stranding area at Government Island, lin i i i
1 ] _ es showing approximate loc i
Columbia River flow is approximate1; 80,000 cfs. PP ation of sampling transects.
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No. 1 - Ship approaching
site traveling upstream,

No. 2 - After ship passes,
initial water reaction is
to be drawn away from shore,
Fish are often momentarily
stranded on exposed beach
during this phase.

No. 3 - Initial surge of
water after being drawn out.
The uprush from this wave
usually produces maximum
onshore extension,

Plate 6. Pictorial sequence of a ship passing Hoagy's bar showing resulting
wave action and stranding on June 5, 1975.

-
late g, (Continued)
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No. 4 - Maximum onshore
extension of initial wave.

No. 5 - Initial wave receding.
Much of the stranding will
occur in the drift line at
the wet-dry sand interface
and behind logs, etc.

No. 6 « Initial wave fully
receded. Second series of
waves cresting on shore.
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| , s o v Noo 7 = Maximum uprush of

e ; : ‘ second wave series. Gener
fewer fish are stranded by
the second wave series, ang
the maximum wave uprush is
less.

No. 8 - Stranding which
resulted from ship passing
site. A total of 51 fish
was collected at the site
after the waves subsided.
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