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BLACK RIVER JUVENILE FISH BYPASS
Evaluation

INTRODUCTION

The Black River watershed (Figure 1) drains the northeast portion of the
Kent Yalley in south King County, Washington. This valley has historically
experienced flooding conditions during high rainfall. The threat of floods
has been further increased due to urbanization and industrialization of
large portions of the valley, particularly the north end. Flood threat

has been reduced by construction of a dam with the associated discharge
pumping facilities at the mouth of the Black River (Figure 2, pg. 3). The
pumping facility was completed in 1972 and provides partial flood water
control through a combination of a water storage pond and pumping capacity
of about 3,000 cubic feet of water per second (cfs). Since the water level
in the storage pond is maintained at a Tower elevation than water downstream
from the pump station dam, gravity flow is prevented and pumping is necessary.
Such pumping could transport fish downstream through the dam but debris
screens prevent fish from entering the intake ports. If fish did enter the
pump intakes, mortality may result due to physical damage from the pump

impellers.

To provide fish passage and alleviate the mortality potential, an "ajr-1ift"
Juvenile fish bypass system (Roach et al, 1964) was incorporated into the

structure of the dam. Basically, the bypass consists of two parallel 77
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Figure 1. Black River Watershed and pump station location.




Figure 2. Downstream face of the pump station dam.

4

Figure 4. C-2, a 100 hp motor and air pump, supply
. the compressed air for operation of the
juvenile fish bypass system.
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foot long pipes which pass through the base of the south half of the up-
stream face of the dam.. From each of these, 8 vertical pipes (11 foot
spacing) extend toward the surface of the storage pond, and these terminate
at intake orifices (Figure 3). One set of the vertical pipes ends at a
"high" water elevation, the other at a "low" elevation, the difference being
4 feet. Water intake js automatically shunted from one or the other of the
sets of intake ports based on the storage pond water depth. (-2, a 100 hp
air pump (Figure 4, pg. 3) provides compressed air which is released into
either the "high" or "low" bypass system, producing the driving force for
water intake (totaling about 5 cfs) and transport of fish. The systems
empty into a common basin from which water and fish are transported by gra-
vity flow through a single 18 inch diameter outlet pipe. Although the pump
station has been in operation since 1972, the effectiveness of the juvenile

bypass system has never been determined.

Management efforts to enhance and rehabilitate salmon and steelhead stocks
throughout the Pacific Northwest have intensified because anadromous fish
stocks have declined while their social and economic value has increased.
The Black River watershed represents one of many fish habitats which has
undergone extensive change. Alteration of natural fish environment, such

as channelization, surface runoff from developed areas, dams and pollution
collectively transform once productive fish streams into areas where anadro-
mous fish are but memories. The increased awareness of managers, that maxi-
mizing use of one resource at the cost of another has no long range benefit,

has created an atmosphere of balanced resource management. This attitude is
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at the heart of efforts to create fish habitat while controlling waterways;
to make dams, if not beneficial to fish, at least nuetral; and to rebuild
anadromous fish runs into improved habitat. In response to these efforts,
the U.S. Soil Conservation Service (SCS) and the King County Department of
Public Works have joined with the Muckleshoot Indian Tribe, the Young Adult
Conservation Corps (YACC) and the U.S. Fish and Wildlife Service (FWS) in a
cooperative study to evaluate the normal operation of the pump station ju-
venile bypass system and develop recommendations for improvements in the

system's fish passage efficiency.

MATERIALS AND METHODS

This preliminary study began on April 11 and ended with shut-down of the
bypass system on June 11, 1979. OQur first task, prior to data collection,
was to devise a juvenile capture device capable of reducing a water outflow
of about 2,200 gallons per minute (gpm) to 20 gpm while retaining very small
(about one inch) fish without damaging them. The capture system developed is
essentially a fine slotted mesh {1/8" - 3/16" diameter) water sieve, 8 feet
Tong and tapering from about 3 feet at the bypass outlet pipe to 4 inches at
the small end (Figure 5). The reduced water flow, containing fish, was then
directed via flexible hose into a floating pen fitted with 1/8" mesh netting,
4 feet square and 4 feet deep. Periodically during the normal operation of
the bypass system (8 AM - 4 PM, Monday through Friday) the contents of the
floating pen were netted out and, after anesthetization with MS-222, visual
condition, fork Tength and species of each fish were recorded,. along with

the time the sample was taken. Similar data was collected during four night




. Figure 5.

Pictures of the juvenile fish capture device and holding pen at
the outlet of the bypass system,
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Figure 6. P-1, a 75 cfs water pump which operated periodically
during the study to maintain the storage pond water
elevation within prescribed limits.
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shifts of bypass operation, once beginning on April 25th and again beginning
on May 2nd. Following data collection, the fish were fully revived in fresh

water prior to release downstream from the pump station.

The transport efficiency of the bypass system was evaluated by planting

10,000 chum satmon fry on April 17 and again on May 3rd. Since chum are not
found in the Black River system, no artificial marking was required. Any

éhum not accounted for.at the bypass outflow capture facility were assumed to

be retained in the storage pond where planted. This assumption was tested

by seining in the pond; any chum caught were then fin-clipped. After allowing

a day for the marked fish to mix randomly with unmarked chum, the pond was again
seined to obtain a ratio of marked to unmarked fish. The simple Petersen model
{(Ricker, 1975) was then used to estimate the populations of chum which re-
mained in the pond. Confidence intervals were determined as recommended by

D.G. Chapman. Data processing and statistical evaluation was accomplished by
computer analysis using standard methods. The relationship of P-1, a relatively
smail 75 cfs maintenance pump (Figure 6), and juvenile transport was determined

by emptying the floating pen just prior to and after P-1 operation.

Additional observations included an evaluation of attraction flows in the
immediate vicinity of the bypass intake ports, and assessment of basic water
chemistry (0p, temperature, pH, and total gas saturation) using standard

field methods.




RESULTS AND DISCUSSION

At the end of this study, on June 11, fish transported via the bypass sys-
tem and native to the Black River included 614 coho, 3 trout, 157 stickle-
back and 1 squawfish. 'In addition, out of 20,000 chum fry planted into the
gtorage pond upstream from the pump station, 1,159 were captured at the by-
pass outfall. Condition of the fish transported was only fair, with 26% of
the chum and coho reported to have abnormalities ranging from sliight scale
loss to more serious abrasions (Figure 7). A few fish were found dead in
the floating pen, particularly sticklebacks. The condition of the trans-
ported fish was in part due to the netting in the pen. This material was

a flat weave which resulted in relatively sharp edges. The netting, in com-
bination with the strong currents produced by P-1 operation was believed to
be the primary cause of injuries. However, we were not able to conclusively
determine the effect of the juvenile bypass system on the condition of the

fish.

Based on the unadjusted chum fry plant and recapture data, the juvenile by-
pass system either does not efficiently attract or does not retain chum once
attracted. Our evaluation of the bypass shows that only 6% (1,153) of the
planted chum were transported, and 61% of these were passed after a minimum

of 20 days delay after planting (Figure 8). To insure that our evaluation

of the bypass was reliable, the disposition of the 19,000 unaccounted for chum
was necessary. Using data {Appendix, Table 1) from the mark-recapture of
chum, we were able to use a simple Petersen model to estimate that 11,890

chum were still present in the pond after May 26th (95% confidence interval

-10-
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Figure 8. Five day accumu]art'e(ii catcrh of coho and chum transported through the
Juvenile by-pass system from April 11 to June 11, 1979.




-
ol

at P = .05; 8,370 to 16,231 fish). Still, some 7,000 planted chum were un-
accounted for. The probable fate of some of these fish was indicated by
comparing the lengths of planted to transported chum. As shown in the appen-
dix (Tables 2 and'3), 22% of the first chum plant was less than 50 mm in
length, whereas only 2% of those transported between April 18 and May 2 were
less than 50 mm. Growth was not considered a factor because the second
group of planted chum, reared under optimum hatchery conditions grew only
2.5 mm during the time the above data was collected; the planted chum were
assumed to grow much less than hatchery fish, hence an apparent size selec-
tivity had occurred. We determined that the % inch openings in the debris
screens separating the storage pond planting site from main pump intakes

(including P-1) were sufficiently large to allow chum passage and therefore

removal .of the small fish from the original planted population. Substantiation

of this observation comes from experience gained during pen culture of chum
where netting with mesh no greater than 1/8" is necessary to prevent escape
of similar sized fish. Since none of the second plant were less than 50 mm,
a maximum of 2,000 (20%) chum from the first plant were eliminated from the

study via the debris screens.

In summary, we can reasonably account for about 15,000 of the original popu-
lation. The fate of the balance (5,000 fish) was not determined; some may
have been removed through predation, disease, pollution, or they may have
migrated upstream out of the pond where the sample for the population esti-
mation was taken. In the final analysis, the bypass efficiency must be ad-
Justed to account for any fish which were not available for passage through

the system. In this regard, of the 20,000 chum planted, approximately 13,000

-13-




were potentially available for passage; since 1,159 were transported, the

adjusted bypass system efficiency for chum could be as high as 11%.

Although the migratory timing of chum was delayed and transport efficiency
low, the relationship to coho or anadromous trout may not be directly appli-
cable. When we contrasted the daily transport of chum and coho it was appar-
ent that coho passage resulted in a normal bell-shaped distribution, while
chum migration was skewed toward the end of the study period (Figure 8). -
This relationship suggests that coho transport was at least in a coordinated
relationship with normal migration. We cannot address coho passage efficiency
or delays but two additional observations may lend insight. First, the Tow
transport efficiency of chum is in part due to the strong propensity for night-
time migration. We were able to make only four night operations of the by-
pass during this study but significantly more chum were caught during these
than during comparable day time observations. However, of egual importance,

a considerable number of coho were also transported at night {(Appendix ,

Table 4}. Secondly, after a minimum of 20 days, unexpectedly large numbers -
of chum began to be transported. This suggests that the older chum may have
begun to more actively seek out water currents compared to earlier life. It
seems plausible that migrating coho seek out currents in an aggressive fashion
similar to that of the older chum. Yet, when the largest daily catch of the
delayed chum (245 fish) was expanded by the total days of bypass operation,
only 9,065 fish (45%) would have been transported.
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In addition to the above, normal chum salmon physiology was believed to op-

timize chances for an accurate evaluation of the bypass efficiency compared

to coho.  Unlike coho, chum do not undergo a complex parr-smolt-transformation
(Wedemeyer, 1979). This complicated physiological change, which directly
controls coho migratory behabior, can be adversely affected by water chem-
istry, transportation stress, and normal hatchery practices. Since a re-
duction in migratory urge would also reduce the apparent bypass efficiency,
chum were considered a more reliable test animal. Chum migrate to the sea
immediately upon emergence from spawning gravels and hatchery reared chum
fe]eased at a size comparable to those used in this study, have been recovered
7 miles downstream within 6 hours of liberation (fishwheel catches of juven-
ile salmonids, preliminary report, USFWS). Considering the facts that night
migration and transport of planted chum was low, the maximum expanded trans-
port of chum was low and that coho will move at night as well as during the
day, we feel that the chum passage data is indicative of fundamental problems
with the bypass system and these problems are relative to other anadromous

species.

The most probable cause of reduced system efficiency was found to be insuf-

ficient attraction water flow. At the Black River facility, with C-2 in operation

alone, only 0.08 f/s water flow was measured at the bypass intake orifices.
When C-2 operated in combination with P-1, the flow increased to 0.3 f/s (Fig-
ure 9). Studies on Columbia River dams clearly indicate that flows of 8-12
f/s for juvenile bypass systems were required to transport 90% of fish within

a 24-hour period (Long et al, 1977). Excessive mortality resulted when fish

-15-
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were not expediently passed through the passage facilities on Columbia River

dams. Minimum migration delays are also desirable at the Black River pump
station due to:
1. Potential reduction of fish health and increased mortality
due to apparent poor water quality. Although the water
quality we monitored (02, temperature, pH, and total gas -
Appendix, Table 5) were within acceptable Timits for fish,

extreme turbidity indicated runoff from industrialized and
urban areas in the Black River watershed.

2. Avoidance of exposure to predators. Both ducks and large
fish (squawfish and trout) inhabit the storage pond and can

significantly reduce juvenile salmon populations.

3. Assure timely entry into estuarine feeding areas. Prolonged
retention in the storage pond may result in fish entering
salt water rearing areas during times of reduced food sup-
plies or increased predator abundance.
Although prolonged exposure in the storage pond environment at the Black
River station is not considered conducive to fish health it does not seem
imperative that passage occur within 24 hours as at Columbia River bypass

facilities. Perhaps transport within 3 days is a point of departure and

reasonable goal to strive toward.

Data gathered in this study indicates that minor changes in the bypass
systemwill improve juvenile passage. As shown in Figure 10, when C-2
and P-1 operate simultaneousiy (flow = 0.3 f/s) for about 2 to 4 fifteen
minute periods during a day, significantly more (P = .01) coho or chum were

transported than when C-2 operated alone for up to 5 periods of 1% hours

-17-
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per day. This data indicates a significant system improvement at water flows
of only 0.3 f/s.. In this regard, we suggest that increasing water flows as

much as reasonable be attempted, achieving operational conditions between

=g

the 0.3 f/s cdﬁrent]y realized, and the 8.0 f/s recommended on Columbia

River bypass sygtems. Although we consider increasing the bypass intake
water flows esééntia] in order to produce more attraction current and to
insure fish avoidance responses are exceeded once in the bypass system, it

is necessary to point out that this study was completed during an unusually
dry season. As mentioned above, when C-2, the bypass drive pump, was coupled
with.P-l, fish transport was significantly improved. Since P-1 operates
automatically based on the storage water elevation, when surface runoff
increases P-1 will operate more and for longer periods. We predict this
situation would create conditions which would decrease migration delays and

increase the bypass system efficiency.

In summary, we found that the current operation of the Black River juvenile
bypass can be improved upon, considering the Tow rainfall conditions exper-
ienced during this study. We predict the problem is insufficient water flow
into the bypass intake orifices and this problem is relative to all species
of anadromous fish which are expected to be transported by this system. Also, .
even if overall system transport efficiency were high, delays in fish migra-
tion longer than three days is inadvisable due to poor conditioﬁs in the

storage water pond and delayed emigration to salt water.

The results of our investigation indicate that minor operational changes in

the bypass may enhance transport efficiency and decrease migration delays.

-19-
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First, and perhaps the simplest improvement, is to activate C-2 only during
automatic operation of P-1, day and night 7 days per week, from April 1 to
June 15. We feel that C-2 should lead and lag P-1 by 15 minutes to insure
flows are established prior to activation of P-1 and fish attracted to the
vicinity of the bypass intake orifices can be transported after P-1 shut-down..
Another option, particularly in years of low flow, is that the storage pond
be allowed to fill beyond existing limits, resuiting in fewer activations

of P-1, but longer pumping duration. We predict that the longer pumping time
would establish directional flows for improved attraction and consequently
transport of fish. During years of low flow it may be desirable to manually
activate P-1 during times of optimum migratory behavior of coho; perhaps.
early morning, 6 to 9 AM, and again at 3 to 5 PM as indicated on Columbia
River studies {C1iff Long, personal communication). However, optimum daily

migration behavior should be determined in future studies.

A second modification which we believe would be very effective toward im-
proving bypass efficiency, particularly during low flow conditions, is
diversion of 50 to 75 % of the output of P-1 back into the headwaters of the
storage pond (CTiff Long, personal communication). This change would also
increase the operation time of P-1, improve attraction current duration and,
as our data show, fish transport efficiency. Finally we suspect that the by-
pass system flows are insufficient to hold fish from escaping once they enter
the intake ports. This problem can be rectified by increasing the bypass

flows from the current 0.08 f/s to a maximum of 8 f/s..

-20-
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The above recommendations were developed from the analysis of data gathered

during this study and Titerature from Columbia River juvenile bypass research.
In addition, we recommend that the following theoretical operational changes
be tested in combination with the recommendations outlined above, using coho
salmon as a test animal. These fish should be clearly identified and their
physiological status determined to insure maximum migratory behavior prior
to planting. We also suggest that the system efficiency standards be estab-
Tished such that 90% of test fish be transported within three days of planting.
Further possible modifications include, in order of importance:

1. Al1 bypass orifices except 1, 2, and the southern portion

of 3 be closed and P-1 be blocked off such that all intake
water be directed past these orifices.

2. Orifices 1, 2, and 3 be backlighted as recommended in Columbia
River research results (Sims et al, 1976).

3. Flows into intake orifices 1, 2 and 3 be increased in a step-
wise (P-1 in operation) fashion to determine optimum velocities.

4. The fish transport efficiency of the lower orifice (-2 feet) of
1, 2 and 3 be tested and compared to the higher orifice {2+ feet).

5. Water quality be assayed for contaminants from industrial and
urban areas.
As a final note, we understand that further modification of the Black River
is planned to achieve improved flood water control. We strongly believe that
any changes to the configuration of the storage water pond will directly in-
fluence the efficiency of the bypass system. We believe if properly designed,
both fish migration and water storage will be accomodated without undue sac-

rifice of either of these functions.

-21-




LIST OF REFERENCES

Bouck, G.R. 1977. The importance of water quality to Columbia River
salmon and steelhead. Transactions of the American Fisheries
Society, Special Publication No. 10.

Chapman, D.G. 1948. A mathematical study of confidence 1imits of salmon
populations calculated from sample tag ratios. International Pacific
Salmon Fisheries Commission Bulletin. 2,69-85. (63-4, 460).

Kroma, R.F. et al. 1979. The development of an improved fingerling pro-
tection system for low-head dams. 1978. National Marine Fisheries
Service, Northwest Fisheries Center. Coastal Zone and Estuarine
Studies Division. -

long C.W. et al.. 1977. Development of a system for protecting juvenile
salmonids at the second powerhouse at Bonneville Dam - Progress (1976).
National Marine Fisheries Center. Coastal Zone and Estuarine Studies
Division.

Park Donn L. et al. 1979. Transportation activities and related research
at Lower Granite, Little Goose and McNary Dams. 1978. National Marine
Fisheries Service, Northwest Fisheries Center. Coastal Zone and Es-
tuarine Studies Division.

Raymond H.L. and R.C. Johnson. 1974. Evaluation of the fingerling Bypass
at John Day Dam. National Marine Fisheries Service, Northwest Fisheries
Center. Coastal Zone and Estuarine Studies Division.

Ricker, W.E. 1975. In computation and interpretation of biological statis-
tics of fish populations. p. 77. Bulletin of the Fisheries Research
Board of Canada, Bulletin 191, Oct. 1975,

Roach, et al. 1964. An air-1ift pump for elevating salmon herring, and
other fish of similar size. J. of Fisheries Research Board of Canada,
21(4), 1964.

Sims, C.W. and R.C. Johnson. 1976. Evaluation of the fingerling bypass at
John Day Dam. Progress Report. National Marine Fisheries Service, North-
west Fisheries Center, Coastal Zone and Estuarine Studies Division.

Sims C.W. and R.C. Johnson. 1977. Evaluation of the fingerling bypass sys-
tem at John Day Dam and the fingerling bypass outfall at McNary Dam.
National Marine Fisheries Service, Northwest Fisheries Center. Coastal
Zone and Estuarien Studies Division.

Sims C.W. and R.C. Johnson. 1978. Evaluation of the fingerling bypass system
outfalls at McNary and John Day Dams. Final Report, National Marine Fish-
eries Service, Northwest Fisheries Center. Coastal Zone and Estuarine
Studies Division.

-22-




Table 1. Mark-recapture data used for estimation of chum population
residing in the pump station water storage pond.
Marking Data
Pond :
Capture Location Type of Fin Clip Number Marked
Upper Right Upper Caudal (UC) 435
Lower lLeft Anal  (A) 24
Mid Left Lower Caudal (LC) 65
Total 524

Recapture Data

Note:

Pond

Capture Location Type of Fin Clip Number Marked

Upper Right LC 1

None 86

Lower Right uc 24

LC 13

A 1

None 760

Total Marked 39

Validity of the Petersen estimate was tested as described by

Total Unmarked 760

Darroch, In Biometrika (1961), 48-3 & 4 p. 247.

= 11,367 unmarked
__*+ 524 marked

11,891 chum

; .39 _ _846
Petersen Estimate: Eoh T Ty
Chapman confidence interval: (p = .05)
01805 < < .0350

8371 < N < 16231
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Wedemeyer, G.A. et al. 1979. Environmental factors during rearing limiting
smoTtification and early marine survival of salmonid fishes.

APPENDIX

Table 2. Random sample of chum fry planted into the Black River pump station
water storage pond on April 17, 1979.

Length
54 55 59 58 59 53 57 49 50 55
53 60 51 57 54 56 48 57 54 56
57 47 58 57 52 58 53 57 52 51
47 47 57 50 57 52 53 54 54 47
56 45 48 48 44 45 54 57 51 57
61 50 56 54 45 51 53 52 49 56

N = 60 X = 53.12 mm R = 44-61 mm

Table 3. Random sample of chum fry planted into the Black River pump station
water storage pond on May 3, 1979,

Length
58 56 51 57 60
56 56 52 54 56
56 56 54 58 57
56 54 58 56 h8
51 54 50 53 54
54 60 58 50 53
N =230 X = 56 mm R = 50-61 mm
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TABLE 4. Comparison of day and night passage of chum and coho during
continuous operation of the juvenile bypass system from
April 25th to April 27th and again from May 2nd to May 4th.

Day (8 AM - 4 PM) Night (4 PM - 8AM}) Total
COHO M1 (79%) 30 (21%) 141
CHUM -2 ( 3%) 65 (97%) 67
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TABLE 5.

Date

4-16-79
4-17-79
4-18-79
4-19-79
4-20-79
4-23-79
4-24-79
4-25-79
4-26-79
4-27-79

4-30-79
5-01-79
5-02-79
5-03-79
5-04-79

5-07-79
5-08-79
5-09-79
5-10-79
5-11-79

5-14-79
5-15-79
5-16-79
5-17-79
5-22-79

5-29-79
6-05-79

Water chemistry values from samples taken in the storage pond (
and in the vicinity of the floating pen (downstream).

-
-

upstream)

UPSTREAM DOWNSTREAM
07 vV pH Temp °C | sat 2/ 07 1/ pH | Temp °C | Sat 2/
8 8.4 9 - g 8.4 9 -
- 8 8.3 9 - 10 7.7 9 ~
8 8.0 9 - g 8.0 9 - -
-8 7.8 10 - 10 7.5 10 -
8 9.1 11 - 10 8.2 11 -
8 8.2 13 - 10 7.8 11.5 -
6 7.3 13.5 - 9 7.0 13 -
7 8.6 13.5 102 10 8.6 13.5 100
9 7.2 14 - 9 7.0 13.5 -
7 7.2 12 - 11 7.4 12 -
6 6.0 - - 8 6.9 - -
8 6.0 - - 7 6.0 - -
7 8.6 - 106 7 8.4 - 100
6 7.5 14 - 8 8.4 14 -
9 8.0 14 - 10 8.2 14 -
8 8.4 15.5 - 3 8.5 14 -
9 8.7 18 - 10 8.8 17 -
7 8.5 15 - 10 8.8 15 -
7 8.5 14.5 100 9 8.8 14.5 101
6 8.4 14 - 9 8.4 14 -
5 8.7 14 - 8 8.5 14 -
7 8.5 14 - 9 8.7 13 -
10 8.7 15 - 11 8.6 13 -
6 8.2 14 S0 10 8.1 13 100
8 7.8 12 - 9 8.1 14 -
7 8.0 16 - 10 8.1 17 -
7 8.4 18 - g 8.3 17 -

l-/D'Isscm‘red oxygen 1in parts per million.

-26-
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