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HIGHLIGHTS

? (1) Biologicai evaluations of Horizontal Traveling Screen (HTS)
Mbdél VII were made in a hydraulic flume on the Grande Ronde Rivér near
Troy, Oregon, using fingerling and‘fryichinook salmon, The triangular-
shaped screen array was 27 feet long on the fish guiding leg (upstream
facd) (32 feet between centers of upstream and downstream turns) and
traﬂeled horizontally at a speed of 1.3l fps. Channel velocities in the
fluﬂe were approximately 1.0 and 3.0 fps, whereas the normal velocity
comﬁonents at the screen array (30° to flow) were 0,5 and 1.5 fps.

| (2) Conventional operation of HTS VII indicated that from 97 to

lOO}percent;of all fingerling and fry chinook salmon can be safely
div: ted into a bypass at normal velocities of 0.5 and 1,5 fps.

| (3) Fry impinging on the screen suffered no appreciable'losses-
during exposure periods of up to 60 minutes at 0.5 fps normal velocity
(apﬁroach‘velocity 1.0 fps).

| (4) At a normal velocity of 1.5 fps (3.0 fps approach velocity),
virﬁually no loss of impinged fry |occurred until the fish were exposed

on the screen for more than 6 min. | (A screen traveling at 1.3L fps

wouﬂd traverse about L80 feet duriﬁg a 6~min period).

(5) Injuries (hemorraghing) were noted among impinged fry at normal
vequities of 1.5 fps and greater following prolonged exposure on the
screen. Evidence of oxygen stress was observed among fry impinged on a
scréen for 15 minutes and longer at a 1.0 fps velocity, but no losses of
fish occurred until impingement exceeded 30 min, Most of the observed

injuries among surviving fry disappeared after 48 hours.
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INTRODUCTTION

| To prevent fish from enfering hazardous areas such as water intake
candls, the National Marine Fishgries Service has been experimenting with
varﬂous models of horizontal travéliné screens (HTS) since 1965 (Bates,
197Q and Bates et al., 1570). A model VII HTS has evolved from this
resdarch. This model consists of a series of continuously moving
recﬁangular screen panels hung vertically in a 30~60° triangular con~
figuration with the panels traveling diagonallyjin the downstream
tragsverse and parallel to the intake channel in the returning upstream
diréction. Fish migrating downstream are carried or guided into a bypass -
frodxwhich they can be diverted to safe areas. |
| Effectiveness of the traveling screen in diverting juvenile salmonids
wasftested’under various controlled conditions in 1972; Biological tests
began in May and continued until July when low river flow and high water
temperatures prevented further efforts; testing was resumed in the fall
and [completed in December. The mechanical operation of the HTS VII was
alsa obsérved but is covered in a separate report. |

| Most testing was done with the traveling screen at the experimental

facility on the Grande Ronde River, but some additional tests were conducted

with a stationary screen at the Northwest Fisheries Center, Seattle,
WasBington to further examine the effects of impingement on young fish..

This report summarizes the results of the biological investigations.
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MATERIALS AND METHODS

Experiments using HTS VII were run in a hydraulic flume (Figure 1)

the Grande Ronde River near Troy, Oregon. The flume was 250 ft long,

ft wide and 13 ft deep and could be partitioned into 20-foot wide

hnels. The horizontal traveling screen, bypass and inclined plane
lection traps were installed in the downstream end of one of the
foot wide channels of the flume (Figure 2). Head gates at the upper

provided control for obtaining different water épproach velocities

Ehe screen.k

The Screen consisted of 48 panels with a total circumference of 96

feew and a fish guiding leg measuring 27 feet (total length from center

of hpstream and downstreem turns was 32 ft). Each of the panels was |

covered with an 8‘mesh, 0.0ES-inch-diameter galvanized wire cloth having

a0

was

,097-inch clear opening yielding a 60.2 percent total open area.
In thé diversion and impingement tests the water approéch velocity

adjusted to prescribed experimental conditions (Tables 1 and 2) and

test groups of fish were released upstream from the screen. Screen travel

speed was 1.34 fps. Smaller fish would impinge on the screen and be

carried downstream to the bypass, whereas the larger fish would be guided

to the bypass collection area and recovered in an inclined screen trap

as Vere the small fish. Fish which passed through the traﬁeling screen

were recovered in main channel traps located immediately dowvnstream

frof

the traveling screen (Figure 2). If test conditions required

that the duration of impingement for the smaller fish be exténded

nd the normal screen operation cycle (approximately 20 seconds for




Figure l.--Flume used for testing the HTS VII,

located on the Grande Ronde River near Troy,

Oregon.
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FIGURE 2.—-PIAN VIEW OF TROY TEST FLUME--SHOWING INSTALLATION OF HTS VII ’ INCLINED SCREEN,

AND FISH HOLDING AREAS.
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Model VII for two-size groups of spring chinook salmon fingerling..

TO T size gTroup

170 mm size group

approach Light Type of test Number of Number of fish Number of Number of fish
velocit: condition - _replicates per replicate replicates per replicate
0.5 fps Day Diversion N - - 5 300
Bypass (Control) - - 1 300
Handling (Control) - - 1 300
Night Diversion 3 300 L 300
Bypass (Control) 3 300 1 300
Handling (Control) 2 300 - -
1.5 fps Day Diversion 5 300 2 300
Bypass  (Control) 3 300 2 - 300
Handling (Control) 5 300 - -
Night Diversion 6 300 5 300
Bypass (Control) 3 300 - -
Handling (Control) 2 300 - -

l/ In the tables and text the normal velocity component perpendicular'to the face of the screen is

used. The normal velocity component is a function of screen angle and channel velocity.
for a channel velocity of 3 fps with a sc
component is 1.5 fps.

For example

reen set at a 30° angle to the flow the normal velocity



Table 2.--Blologicel test plan for determining effects of impingement on two size groups
of spring chinook salmon fry.

~ " "Normal “Light Duration of 26 mm size grou 35 mm size group _
approach Condition Type of test impingement WNumber of  Number of fish Number of_ Number of fish
velo_city.l_/ : - (Minutes) = replicates per replicate replicates per replicate
0.5 fps Day Impingement 6 12 300 - -
" 30 11 300 - -
" 60 12 300 - -
Bypass (Control) - 13 ' 100 - -
Hsndling (Control) - 6 100 -
1.5 fps Day Impingement 2 9 300 - -
’ " 6 14 300 9 300
" 15 12 300 6 300
" 30 6 300 2 300
" : 60 2 300 2 300
Bypass (Control) - 19 100 11 100 =
Handling (Control) - 6 100 3 100

_ZL/ In the tables and text the normal velocity component perpendicular to the face of the screen is
used. The normal velocity component is a function of screen angle and channel velocity. For example
for a channel velocity of.3 fps with a screen set at a 30° angle to the flow the normal velocity component

is 1.5 fps.
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trpverse of upstream leg at 1.34 f.p.s. travel speed), the screen was -
st&pped until the prescribed time of impingement was obtained. Fish
rerovered in traps were counted and examined for mortality and injury
adh the live fish were placed in holding tanks for 48 hours to determine
deWayed effects.

E Effects of the bypass and coilection operatiﬁn on fish were
exrmined by releasing fish in the entrance of the’bypass and subsequently
trgating them in the same ménner as fish guided into the bypass by the
tr*veling screen. The effects of the handling operations were
de%ermined by simulating the processing of fish collected in a screen

té*t and then transferriﬁg the fish directly to holding tanks for

observation. These fish were noﬁ'exposed to the screen, the bypass area,
or| collection traps.
At the Seattle Laboratory fish were impinged against a stationary

screen placed perpendicﬁlar to flow (Figure 3). A series of tests were

pefformed at water velocities of 1, 2, and 3 feet per second ahd for
im*ingemgnt.times of 3, 6, 9, 12, 15, 30, and 60 minutes for spring
chinookﬁéwim—up and buttoned-up fry. The fish were examinéd for type of
in%ury‘immediately after testing and again after a post-test holding
peiiod pf L8 hours. Handling tests, which simulated the operations of

a %eguiar test sequence except the fish were not reieased, were also

coﬁducted.
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FIGURE 3.--SEATTLE LABORATORY FLUME USED TO TEST EFFECTS OF IMPINGEMENT ON CHINOOK SALMON FRY.
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’ Hatchery-reared spring chinook, Oncorhynchus tshawytscha, were

usid in the HTS VII tests. The spring chinook were of four size groups:
lTimm, 70 mm, 35 mm, and 26 mm mean total length. The larger two size
grths were fingerling and the latter two groups buttoned-up and sac

frJ The fish were transported to the test site by tank truck and were
he d in separate compartments of a large holding tank for an acclimation
peﬁiod prlor to testing. The sac and buttoned-up fry were contained in

‘ flhatlng pens within the tank. Each‘compartment contained 380 cu ft of
wa{er and was continuously supplied with river water at a rate of 100
toi275 gpm depending upon the number of fish being held. Fish from the

holding tank were counted into test groups and placed into 8 cu ft

scteen holding pens. These pens were submerged in another holding tank

cq?taining 760 cu ft river water which was continuously replaced at

hO; gpm. The fish were held from 2 to 4 days prior to testing. A
su%sistence diet of Clark's dry food was fed to the fish.

In the Seattle Laboratory tests, spring chinook swim-up and buttoned-
up?fry measuring 37 mm mean total length were used. The fry were heid
iniseparate troughs according to stage of development énd fed starter

mawh three times daily. A continuous supply of fresh water was

su:plied to the troughs.

ANALYSIS OF DATA

Recovery of fish in the bypass collection traps and main channel
tr&ps provided data for calculating the diversion efficiency of the
traveling screen and effects of the screen on the physical condition of

the fish.




The guiding efficiency, E, was calculated as:

E = Xlg/(X12 + X18)

F Xypt total number of fish recovered in the bypass collection
area .
| X;g: total number of fish recovered in the main channel

| . collection area

g The effects of impingement and guiding on fish were obtalned by
first calculating the gross effects of the entire expefimentai operation
fr$m release through recovery for the di#ersion tests and also for the
b ‘ass controlitests. The diversion tests calculationsbwere then
aZﬁusted for the bypass control effects to isolate the direct effects of
th% traveling screen.
| The gross effect, GD, from release through post test holding for a
diﬁersion test was calculated as: |
| D = (Xp3 - X9u)/%

thre,

q Xi3: number of live fish in the bypass recoveries after post
} test holding ' S

X1yt number of dead fish in the bypass recoveries after post
test holding .
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The gross effect, GC, from release through post test holding for a

byp#ss control test was calculated as:

whel

and.

was

= (Xpp - X3)/Xy
e,
| Xp1: total number of fish recovered in the bypass area

Xoo: number of live fish in the bypass recoveries after post
test holding

Xé3: number of dead fish in the bypass recoveries after post
test holding

| The direct effect of the screen as adjusted for the bypass collection
handling operations was calculated as:

DE = GD/GC.
; If GD was equal to or greater than GC the direct effect of the screen

taken to be one (e.g., no mortality upon encounter of a fish with the

scr*en).

| Percent survival and injury of the spring chinook swim-up and buttoned-up

'were calculated for each test velocity and impingement time.

| AN
I

RESULTS

"| Diversion efficiency and survival of spring chinook fingerling are

fis

und:

fi

in Table 3. The diversion efficiency for fingerling was 97 percent

during a night test. A series of bypass seal failures accounted for

}1ower efficiency (91.5 percent) in this test. |Less than one percent

r all test conditions was greater than 97 percent. WNo impingement of

erlings was |observed during these tests.
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Tabie 3.--Diversion efficiency and survival of spring chinook in relation
to approach velocity and light condition on the horizontal

! traveling screen. . B e
1

Normal | 70 mm size fingeriing 170 mm size tingerling
approach | | Light Number  Diversion Number Diversion
velocity | condition of efficiency Survival of efficiency Survival
(fps) : - tests (Percent)  (Percent) tests (Percent) (Percent)
0.5 | ey | - 5 9.8 97.4
| e 3 98k 9.6 b 98.6  100.0
1.5 = Day 5 97.9 ~ 98.5 2 99.6 99.7

]

|

Night 6 9L5 9.7 5 9.8 9.9

1




11

The minimum diversion efficiency of sac and buttoned-up fry was

w

9l¥l percent for the series of tests conducted at 0.5 fps normal approach
veﬁocity for 60 minutes impingement (Table 4). An increased number of
reLaptures in the main channel traps during these tests indicatéd that
thL sac fry were not being efficient}y diverted into‘tﬁe bypass. It was
fo$nd that fhe fish were able to move vertically down the screen while
1m?inged and finally escape between the screen panels and bottom guide
tr?ck This would be prevented by installing a bottom seal.

i - Survival of sac fry diverted at 0.5 fps approach velocity was
fl#tually |100 percent for impingements up to 60 min (Table 4). Oxygen
stLess was not observed after 12 minutes of impingement; however, after
lsﬂminutes about 25% of the fish showed stress. Tests with buttoned-up
fr& at 0.5 fps were excluded because ofvthebhigh survival obtainea with
th% sac fry. Survival of sac fry at 1.5 fps was 99 percent for impingement
ti+es of 2 to 15 minutes; this dropped to 39 percent at 60 minutes

[ .

~im$ingement. Survival éf buttoned-up fry was 100 percent at 6 minutes
imfingement and dropped to 21.5 percent at 60 minutes impingemeﬁt

(T%ble 4); tests at 15-,30-, and 60-minute impingement times were .

co*ducted during sub-freezing weather and many fish froze to death during posf
te#t holding. It was not possible to separate these deaths from test
‘ moﬁtalltles. Oxygen stress was not observed in either size group of fish
| afﬁer 6 minutes of impingement, however after 15 minutes about 100% showed
st#ess. |

ﬂ The data for sac and buttoned—up fry show a drop in survival for an

in%rease in 1my1ngement tlme at 1.5 fps normal veloc1ty, particularly for
peJiods of 30 and 60 minutes. The fry tested at all velocities were
pr%gressively less active upon collection after the longer impingement
pégiods. This behavioral change could be due to oxygen stress characterlzed

by khe fish surfacing in a vertical p081t10n with thelr mouths protrudlng

I
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Taﬁle 4.- -Diversion efficiency and survival of spring chinook fry in

relation to approach velocity and the duration of impingement

! on Horizontal Traveling Screen Model VII.

Normal %A ‘ 20 mm Sac fry 35 mm Buttoned-up fry
approach Duration of Number Diversion Number  Diversion
veloci impingement of efficiency Survival of efficiency Survival
(ft/sec) (Minutes)  tests (Percent) (Percent) tests (Percent) (Percent)
0.5 W 6 12 99.k  100.0 - - -
I 30 1 99.5 100.0 - - -
1
| 60 12 91.1 9.4 - —- -
1.5 ‘j‘ 2 9 99.8 98.5 - - -
L6 L' 97.8 99.7 9 98.7 100.0
! : ‘
| _ .
30 6 9.5  90.6 2 99.8 82.1
e 2 96.6 39.1 2 98.4 21.5
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ou¢ of the water while gasping. The condition disappeared within an

ho&r of post-test holding.
|

]
b toned-up fry were conducted on the statlonary screen at the Seattle

Addltional %ests on the effect of 1mpingement on swim-up and

lqboratory facilities. Data relating injury and survival by approachvvelocity
,aﬂk impingement time are shown in Table 5. At an approach velocity of 1 fps;'
vﬂ%tually all swim—up and buttoned-up fry survived a 30-minute impiqgement.
FdPlowing a 60-minute impingement survival dropped to 97.5 and 88.1

pq#cent, respectively, for swim-up and buttoned-up fry. After & 1l5-minute

ingement>at 1 fps approach velocity about 25% of the fry began:to
s}ww oxygen stress; one-half of them showed it at 30-minutes. The fry
struggled to get off the screen throughout all the implngement periods.
| Surv1val rate for both sizes of fry was approx1mately the same at
2 *ps approach velocity'for impingement times up to 9 min. (100-98%).
Mortality increased |markedly in both groups after 15 min. Few fish
shTwed oxygen stress at 6 min; this sympten increased until nearly all
fis! exhibiked it at 15 min. After 9 min. impingement some fish lost
quilibrium and by 15 min. the fish were non-responsiye. Fish impinged
fo# 6 min. showed greater -.activity and response than those tested for
9 min. when eompared 48 hours later. No behavioral differences were
dbﬂerved betﬁeen control fish and those impinged for 3 or 6 min. upon
exdmination 48 hours later. The swim-up fry showed a higher percentage
' im#ediate injury (20 to 40 percent) than the buttoned-up fry (O to
| 6 gercent), but after the 4B-hour holding period the percentage injury
ofW%he survivors for both groups was about the same (O to 9 percent for
swip-up fry and 0 to 6 percent for buttoned-up fry) Tt may be noted that
‘ diate injuries were always higher than the delayed injuries. This will be

exﬂﬂained in a subsequent discussion on the injury condition of hemorrhaging.

|
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Tab%e 5.--Percent injury and survival of spring chinook fry in relation
ﬁ * to approach velocity and duration of impingement.l
i A ;

tion of Swim-up fry ~ Buttoned-up Fry
impingement Percent Injury . Percent Percent Injury Percentgj
(minutes) Tmmedlate Delayed®/ Survival2/ ate ayed= Survival

1
\t 1 fps normal approach velocity

Control 3/ 3/ 100.0 3/ 3/ 100.0
100.0 100.0
‘ ‘ , 100.0 100.0
% 100.0 100.0
100.0 ‘ 100.0
1 ' 100.0 100.0
100.0 , 99.0
Y“ 2 fps normal approach velocity
Contirol - - 100.0 - - 100.0
34.0 0 100.0 k.o 0.0] 100.0
30.6 0 98.3 0.0] . 0.0} - 98.k
‘ 20.8 2.9 98.4 3.2 3.2 97.6
12 30.2 3.0 96.8 3.1 2.4 ol by
15 ho.k 6.5 98.4 6.k 5.5 87.8
3 | - 26.1 8.7 T3.k 6.3 k.2 39.5
“ - - 2805 - - 8.0
v 3 fps normal approach velocity

Control - - 99.9 - - 100.0
| 88.9 8.6 9.3 33.6 9+3 97.3
| 91.0 11.7 98.3 33.9 L.y 97.4
9 87.4 11.1 96.1 24.8 8.2 87.7
12 9k.L 9.5 92.6 33.3 12.5 83.3
15, 70.2 6.4 76.0 k2.5 8.5 ko.o

30 - - - - - -

60/ - - - - - -

Il

; }_/ e percentages given are the mean of four or five replicates of 2.5 fish
-per replicate. .

|
2/ After a 48-hour holding period.

3/ I!Lsignificant injury in the 1 fps tests. -
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| At 3 fps the survival rate declined for both groups of fry after
\ v ‘
6 qLin. impingement with the buttoned-up fry showing a greater mortality.

At (3 min.the fish showed oxygen stress; the operculum was often bent back,

an mufhs gaped. Some fish lost their equilibrium and showed greater
oxygen. stress at 6 min. in@ingemeﬁt. As duration of impingement increased

the condition of the fish rapidly deteriorated. Injuries among both groups

f‘o: owed the same pattern as at 2 fps but at & higher 1eve1 of incidence.

‘ te injury was TO to 9% percent for swim-up fry and 25 to 43 percent
fod buttoned-up fry. After the 48-hour holding period the percent injury
wag about the same for both groups (6 to 12 percent for swim-up fry and 4

to 12 percent for buttoned-up fry) (Table 5).

| Figure I shows the iéigtidnéﬂiﬁjetween survival a.ndkT impingement

for sac, swim-up and buttoned-up fry at various normal approach

ve “ cities tested under field and laboratory conditions. These cufves

norpal velocity and duration of impingement. The 0.5 and 1.5 fps curves are

velocity,’ / and thus, impinged fish suffered a.n increase in injury
ity with each increase in velocity. As 'the time of impingement
was increased up to 60 minutes at an approach velocity of 1.5 fps , the

e to the fish accumulated with the eventuality of a very low survival

after extended exposure.
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One of the injury conditions observed upon immediate examination of
impinged chinook fry was the occurrence of internal hemorrhaging in the area
of {;he yolk sac and caudal peduncle. TImmediate examination of swim-up

and buttoned-up fry tested a£ 1, 2, and 3 fps velocity on the stationary .

n at the Seattle Iaboratory showed that hemorrhaging did not occur

in ihe 1 fps tests, but was present in the 2 and 3 fps tests (Table 5). _
In the Troy tests, hemorrhaging 6ccurred during the 1.5 fps tests but not
during the 0.5 fps tests. This suggesi:s that the minimal normal velocity
at which hemorrhaging began to occur was about 1.5 fps.

| A series of exploratory tests at 2 fps approach velocity »i’ras ] conducted
using swim-up fry to determine the time at which hemorrhaging occurred.
Fish were impinged upon a stationary screen for 15, 30, 45, and 60 seconds.
Hemd,rrhaging began at 30 seconds and increased to 33 percent occurrence

at 40 seconds (Table 6). 'ﬁn:l.s is comparable to the Troy and‘ Seattle
labdratory impingement experiments in which we observed a high
hemqrrha.ging. within 3 minutes for 1.5 fps and greater velocities.

| Examination of the hemorrhaged fish 2k hours after testing showed

that{ blood clots had formed in the area of the injury. After 48 hours

the ihemorrhaged condition was difficult to detect and appeared in only

0.5 percent of the injured fish. This indicated that the blood had been

reabsorbed and hence the previously observed injury was no longer visible.
No behavioral differences could be detected between hemorrhaged and non-

h ed fish as based upon visual observations.
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Table 6.--Occurrence of hemorrhaging spring chinook swim-up fry at
| - 2 fps water velocity for various durations of impingement.

tion of Number Number of fish Percent

impingement ' of fish showing hemorrhage
(Seconds) per test hemorrhage

?‘60 - k6 15 32.6

I k9 .16 32.7

s 49 1k 28.6

] 64 T 26.6

|30 48 | 5 10.4

: k L 9.8

15 ~ 48 o 0.0
50 2 4.0
6h 0 0.0
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SUMMARY AND CONCLUSIONS

Biological tests were conducted with the HTS VII at a test facility

the Grande Ronde River near Troy, Oregon. Groups of spring chinook

salmon ranging in size from 26 mm to 170 mm were released upstream from

of‘

of

ab

th& screen and recovered in inclined traps downstream from the screen to

obtain information on diversion efficiency and survivel, and the effect

impingement on physical condition of sac and buttoned-up fry.

Experiments were also run in the laboratory to further examine effects

impingement on small fish.
On the whole, diversion efficiencies of the traveling screen were

ut 97 percent or greater at normal velocities of 0.5 and 1.5 fps for

fingerling and fry. No impingements were observed amohg fingerlings,

but fry readily impihged on the screen. At 0.5 fps velocity survival

of

su¥

prd

tha

fry was independent of impingement time, but at 1.5 fps velocity

vival decreased as impingement time increased from 6 to 60 minutes.

Buﬂtoned-up fry sppeared to be more severely affected than sac fry. The

test condition of the buttoned-up fry was not felt to be as good as

t of the sac fry and this may have contributed to the difference in

suxvival.

The .following recommendations regarding duration of impingement are

baded upon the behavior of the fish after impingement, immediate and

del]

48

yed injury including effects of oxygen stress, and mortality after

hours of post test holding:
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Tests on chinook fry indicate that the duration of impingement

swould not exceed 15 minutes at 0.5 fps velocity, 12 minutes at 1.0 fps
|

velocity, 6 minutes at 2.0 fps velocity, and 3 minutes at 3 fps velocity.

major injury symptom was internal hemorrhaging in the yolk sac and |
cgudal peduncle areas of fry tested ét 1.5 fps and greater velocities.
‘hemorrhaged areas showed almost complete recoveryvafter hs hours.

We conclude from these tests that the HTS VII can effectively
divert a high percentage of young salmonids with minimal adverse effect in’
thk ranges of water velocities and impingement times that may be
enFountered in actual applications. However the results must be

copsidered in perspective with the specific conditions under which the

teTts were conducted.

d
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FIGURES

Fiéure l.--Flume used for testing the HTS VII, located on the Grande Ronde

River near Troy, Oregon.

Fi#ure 2.--Plan view of Troy test flume--showing installation of HTS VII,

} - inclined screen, and fish holding areas.
|
|

Figure 3.--Seattle Iaboratory flume used to test effects of impingement

on chinook salmon fry.

h:—-Relationship between duration of impingement and percent

survival of salmonid test groups at various normal velocities.









