


CONTENTS 


Page 
1 

2 

7 

9 

.... UJ.J.I .. J.l"U'lY AND CONCIDSIONS 	 18 

19 

19 



HIGtlLIGHTS 

(1) 	Biological evaluations of Horizontal Traveling Screen (HTS) 

VII were made in a hydraulic flume on the Grande Ronde River near 

" Oregon, using fingerling andf.ry ichinook salmon. The triangular­

d screen array was 27 feet long on the f'ish guiding leg (upstream 

) (32 f'eet betw"gen centers of upstream and downstream turns) and 

led horizontally at a speed of 1.34 fps. Channel velocities in the 

were approximatelY 1.0 and 3.0 fps, whereas the normal velocity 

at the screen array (30 0 to floW) were 0.5 and 1.5 fps. 

Conventional operation of HTS VII indicated that from 97 to 

rcent pf all fingerling and lr,y chinook salmon can be safely 

ted 	into a bypass at normal velocities of 0.5 and 1.5 fpso 

Fr,y impinging on the screen suffered no appreciable losses 

d 	 . g exposure periods of up to 60 minutes at 0.5 fps normal velocity 

oach velocity 1.0 fps). 

At a normal velocity of 1.5 fps (3.0 fps approach velocity), 

ally no loss of impinged fry \occurred until the fish were exposed 

e screen for more than 6 min. \ (A screen traveling at 1.34 f'ps 

traverse about 480 feet during a 6-min period). 

Injuries (hemorraghing) were noted among impinged £ry at normal 

ities of 1.5 fps and greater following prolonged exposure on the 

Evidence of oxygen stress was observed among fry impinged on a 

n for 15 minutes and longer at a 1.0 fps velocity, hut no losses of 

occurred until impingement exceeded 30 min. Most of the observed 

ies among surviving fry disappeared after 48 hours. 



INTRODUCTION 

To prevent fishfrol11 entering hazardous areas such as water intake 

ca s, the National Harine Fisheries Service has Deen experimenting with 

models of horizontal traveling screens (HTS) since 1965 (Bates, 

and Bates et al., 1970). A model ilTI HTS has evolved from. this 

This model consists of a series of continuously moving 

angular screen panels hung vertically in a 30-60 0 triangular con­

ation with the panels traveling diagonally in the downstream 

and parallel to the intake channel in the returning upstream 

Fish rnigrating dO\fnstream are carried or guided into a bypass 

which they can be diverted to safe areas. 

Effectiveness of the traveling screen in divert.ing juvenile salmonids 

wasltested under various. controlled conditions in 1972. Biologicaltests 

n in M~ and continued until July when low river £low and high water 

ratures prevented further efforts; testing was resumed in the fall 

,completed in December. The mechanical operation of the HTS VII 1vaS 

observed but is covered in a separate report. 

Nost testing was done with the traveling screen at the experimental 

fac 'ty on the Grande Ronde· River, but some additional tests were conducted 

wit a stationary screen at the North,rest Fisheries Center, Seattle, 

wast .. 'n~to.n to further examine the effects of impingement on young fish •.

Thi report summarizes the results of the biological investigations. 



2 


MATERIAIS MID METHODS 

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

on he Grande Ronde River near Troy, Oregon. The flume ,'laS 250 ft long, 

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

ch else The horizontal traveling screen, bypass and inclined plane 

co ection traps were installed in the downstream end of one of the 

20-1 oot wide channels of the flume (Figure 2). Head gates at the upper 

end. provided control for obtaining different water approach velocities 
I 

to ~.. he screen. 

il The screen consisted of 48 panels with a total circumference of 96 

fee and a fish guiding leg measuring 21 feet (total length from center 

of pstream and downstream turns was 32 ft). Each of the panels was .! 

co ! red with an 8 mesh, 0.028-inch-diameter galvanized wire cloth having 

a Oj091-inch clear opening yielding a 60.2 percent total open area. 

In the diversion and impingement tests the 'tffiter approach velocity 

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

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

Smaller fish would impinge on the screen and be 

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

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

as re the small fish. Fish which passed through the traveling screen 

recovered in main channel traps located immediately downstream 

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

the duration of impingement for the smaller fish be extended 

bey nd the normal screen operation cycle (approximately 20 seconds for 
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Figure l.--Flume used for testing the HTS VII, 


located on the Grande Ronde River near Troy, 


Oregon. 
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Table l.--Biological test plan to determine diversion efficiency of horizontal traveling screen 
Model VII for two-· size groups of spring -chinooksalmon ffitgerling-::~'---------

Norma! 10 rmn size group 170 miii-size group 
approach 
velocit# 

Light 
condition 

Type of test Number of 
' _~J2J..J~!J.~el:J 

Number of fish 
per replicate 

Number ot 
replicates 

Number of-fish 
per replicate 

0.5 	fps ray Diversion 5 300 

Bypass (Control) 1 300 

Handling (Control) 1 300 


Night 	 Diversion 3 300 4 300 

Bypass (Control) 3 300 1 300 

Handling (Control) 2 300 


1.5 	fps ray Diversion 5 300 2 300 

Bypass (Control) 3 300 2 ·300 

Handling (Control) 5 300 


\..t.) 

Night 	 Diversion 6 300 5 300 

Bypass (Control) 3 300 

Handling (Control) 2 300 


1/ 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. 

" 




Table 2. - -Biological. test plan for determining effects of impingement -.OILtwo '. size groups 
of spring chinook salmon fry. 

="~~-"- Normal Ught 'F' - . Duration of 26 DIm size group 35 DIm size group 
approach / Condition Type of test impingement Number of Number of fish Number of Number of fish 
velocity.! .~{~nutes)· replicates per replicate replicates per replicate 

0.5 	fps I8y Impingement 6 12 300 

II 30 11 300 

" 60 12 300 


Bypass (Control) 13 100 

Handling (Control) 6 100 


1.5 	fps I8y Impingement 2 9 300 

II 6 14 300 9 300 

II 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 


1/ 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 0 angle to the flow the normal veloci~y_c'?l!l:P~_~e:.nt__is 1. 5 fps. ---.----.. 	 --.-------------..------.---- ­

http:c'?l!l:P~_~e:.nt


5 


trrverse of upstream leg at 1.34 f.p.s. travel speed), ,the, screen was 

stl~pped until the prescribed time of impingement was obtained. Fish 

rd~overed in traps were counted and examined for mortality and injury 
1 

aqp the live fish were placed in holding tanks for 48 hours to determine 

de~ayed effects. 

! Effects of the bypass and collection operation on fish were 
i 

e4mined by releasing fish in the entrance of the bypass and subsequently 

trtating them in the same manner 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 
i 

tert and then transferring the fish directly to holding tanks for 

obrervation. These fish were not exposed to the screen, the bypass area, 

or collection traps. 

,I At the Seattle Laboratory fish were impinged against a stationary 

scteen placed perpendicular to flow (Figure 3). A series of tests were 
'I 

petformed at water velocities of 1, 2, and 3 feet per second and for 
Ii 

i~ingement times of 3, 6, 9, 12, 15, 30, and 60 minutes for spring 

chInook ,~wim-up and buttoned-up fry. The fish were examined for type of 

infurYimmediatelY after testing and again after a post-test holding 

pe~iod ?f 48 hours. Handling tests, which simulated the operations of 

a ~egular test sequence except the fish were not released, were also 

co4ductea. 
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Hatchery-reared spring chinook, Oncorhynchus tshawytscha, were 

used in the HTS VII tests. The spring chinook were of four size groups: 

17]1:i 

mm, 70 mm, 35 mm, and 26 mm mean total length. The larger two size 

grqups were fingerling and the latter two groups buttoned-up and sac 

fr~. The fish were transported to the test site by tank truck and were 

het in separate compartments of" a large holding tank f"or an acclimation 

pe:r!iod prior to testing. The sac and buttoned-up fry were contained in 

fl~ating pens within the tank. Each compartment contained 380 cu ft of 

wa1er and was continuously supplied with river water at a rate of 100 

to '1275 gpm depending upon the number of fish being held. Fish from the 

hO~ding tank were counted into test groups and placed into 8 cu ft 

scieen holding· pens. These pens were submerged in another holding tank 

co.taining 760 cu ft river water which was continuously replaced at 
• ! 

sU:fplied to the troughs. 

Ii 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 

tr veling screen and effects of the screen on the physical condition of 

the fish. 
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The guiding efficiency, E, was calculated as: 

X12 : total number of fish 'recovered in the bypass collection 

area 

X18: total number of fish recovered in the main channel 

collection area 

The effects of impingement and guiding on fish were obtained by 
, 

fi~st calculating the gross effects of the entire experimental operation 

fr~m release through recovery for the diversion tests and also for the 

bJass controlltests. The diversion tests calculations. were then 

ad~usted for the bypass control effects to isolate the direct effects of 

tht traveling screen. 

The gross effect, GD, from release through post test holding for a 

di~ersion test was ca~culated as: 

wh~re, 

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

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 

b~s control test was calculated as: 

whe~, 

total number of fish recovered in the bypass area 

number of live fish in the bypass recoveries after post 
test hblding 

number of dead fish in the bypass recoveries after post 
test ho1.ding 

The direct effect of the screen as adjusted for the bypass col.l.ection 

and handling operations was cal.culated as: 

DE = GD/GC. 

If GD was equal. to or greater than GC the direct effect of the screen 

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

sc*n). 

Percent survival and injury of the spring chinook s~up and buttoned-up 

fry I'Were calculated for each test ve1.ocity and impingement time. 

RESULTS 

. I Diversion ef:f"iciency and surnval. of spring chinook fingerling are 

Sho~ in Table 3. The diversion efficiency for finger1.ing was 97 percent 

or ,reater in al1. except one test at 1..5 fps approach velocity using 10 mm 

fis. during a night test. A series of bypass seal failures accounted f'or 

the !1.ower ef:f"iciency (91..5 percent) in this test. \ less than one percent 

of $1.1 the finger1.ing tested showed external. injury. These injuries 

(s~ areas of' descal.ing) could be attributed to the col.l.ection of' fish. 

The ioverall survival. (after 48-hour post-test holding) of the f'inger1.ing, 

und~r all. test conditions was greater than 97 percent. No impingement of' 

fi~erlings 
I was \observed during these tests. 



Tab1",e 3.--Diversion efficiency and survival of spring chinook in relation 
1to approach velocity and light condition on the horizontal 

traveling screen. 
--- - ,,- -¥ 

10 \ 


No " 7 mm size f nger ing 
approach 'I Light Number Diversion 
velocity' con~tion of efficiency Survival Su.rv1val 

(fps) tests (Percent) (Percent) tests Percent) 

0.5 Day 5 99.8 97.4 

Night 3 98.4 4 98.6 100.0 

Day 5 97.9 2 99.6 99.7

Night 6 91.5 5 99.8 99.9 

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


9lll~1 percent for the series of tests conducted at 0.5 fps normal approach 


/,
If ve~:,I,oc,ity for 60 minutes impingement (Table 4). An increased number of 

re aptures in the main channel traps during these tests indicated that 
I 

tbf sac fry were not being efficiently diverted into~he bypass. It was 

fOFd that the fish were able to move vertically down the screen while 

imbinged and finally escape between the screen panels and bottom guide 
I 

tr~ck. This would be prevented by installing a bottom seal. 

I • Survival of sac fry diverted at 0.5 fps approach velocity was 

~i~llYllOO percent for impingements up to 60 min (Table 4.). Oxygen 

stress was not observed after 12 minutes of impingement; howeve~ after 

l51minutes about 25% of the fish showed stress. Tests with buttoned-up 

frt at 0.5 fps were excluded because of the high survival obtained with 

th~ sac fry. Survival of sac fry at 1.5 fps was 99 percent for impingement 
II 

I


ti1l1es of 2 to 15 minutes; this dropped to 39 percent at 60 minutes 

, inJ,ingement. Survival of buttoned-up fry was 100 percent at 6 minutes 

im~ingement and dropped to 21.5 percent at 60 minutes impingement 

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

co,ducted during sub-freezing weather and many fish froze to death during post 

te,t holding. It was not possible to separate these deaths from test 

mOljtalities. Oxygen stress was not Observed in either size group of fish 

af~er 6 minutes of impingement, however after 15 minutes about 10~ showed 

stliless. 

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

inqrease in impingement time at 1.5 fps normal velocity, particularly for 
11 

pellliodsof 30 and 60 minutes. The fry tested at all velocities we~ 

pr1greSSiVelY less active upon collection after the longer impingement 

peltiods. This behavioral change could be due to oxygen stress characterized 

bYI~he fish surfacing in a vertical position with their mouths protruding 
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Ta~""le 4.--Diversion efficiency and survival of spring chinook fry in 
1 relation to approach velocity and the duration of impingement 

II on Horizontal Traveling Screen Model VII. 

Normal"' 
Duration of 
impingement 
(Minutes) 

Number 
of 

tests 

26 mm sac fry 
Diversion 

efficiency 
(Percent) 

Survival 
(Percent) 

-

Number 

of 
tests 

35 mm Buttoned-up 
Diversion 

efficiency 
(Percent) 

fry 

Survival 
(Percent) 

6 12 99.4· 100.0 

30 11 99.5 100.0 

60 12 91.1 99.4 

1.5 2 9 99.8 98.5 

6 14 97.8 99.7 9 98.7 100.0 

15 12 98.9 99.6 6 97.6 94.3 

30 6 96.5 90.6 2 99.8 82.l. 

60 2 96.6 39.1 2 98.4 21.5 
ill 
I 
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II 

out 
:1 

of the water while gasping. The condition disappeared within an 
II 

hOyr of post-test holding. 

Additional ~ests on the effect of impingement on swim-up and 

bJ~toned-uP fry ~ere conducted on the stationary screen at the Seattle 

l~oratory facilities. Data relati~ injury and survival by approach velocity 

a~ impingement time are shown in Table 5. At an approach velocity of 1 fps} ­

. vttua.lly all swim-up and buttoned-up fry survived a 30-minute impi~ement. 

~OWing a 60-minute impingement survival dropped to 97.5 and 88.1 

percent, respectively, for SWim-up and buttoned-up fry. After a 15-minute 

i~ingement at 1 fps approach velocity about 25% of the fry began to 

s* oxygen stress; one-half of them showed it at 30-minutes. The fry 

st~Uggled to get off the screen throughout all the impingement periods. 

Survival rate for both sizes of fry was approximately the same at 


2 fps approach velocity for impingement times up to 9 min. (100-98%). 


Mortality -1ncreased\markedly in both groups after 15 min. Few fish 


sh~wed oxygen stress at 6 min; this sympt;n increased until nearly all 


fisi exhibi:!red it at 15 min. After 9 min. impingement some fish lost 

e~ibrium and by 15 min. the fish were non-responsive. Fish impinged 

fO~ 6 min. showed greater 'Nactivity and response than those tested for 

9 l•.. in when compared 48 hours later. No behavioral differences wereo 

ob erved between control fish and those impinged for 3 or 6 min. upon 


exJmination 48 hours later. The swim-up fry showed a higher percentage 


i~ediate injury (20 to 40 percent) than the buttoned-up fry (0 to

j .. 

6 ~ercent), but after the 48-hour holding period the percentage injury 
Iof':~he survivors for both groups was about the same (0 to 9 percent for 

sw~-up fry and 0 to 6 percent for buttoned-up fry). It may be noted that 

irmfdiate injuries were always higher than the delayed injuries This will be0 

I,

explained in a subsequent discussion on the injury condition of hemorrhaging. 
II 

I' 
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Tab~e 5.--Percent injury and survival of spring chinook fry_~n relation 
to approach velocity and duration of impingement.Y 

Ii 

tion of 
. ingement 
nutes) 

Swim-up :fry Buttoned-up Fry 
Percent Injury. Percent Percent Injury 2f 

Immediate DelayedY SurvivaJ!iJ IDD'iied1ate Delayed 
Percent2/ 

Survival 

1 tps normalap~roach velocity 

]I ]I 100.0 ]I ]I 
100.0 

100.0 
100.0 

100.0 100.0 
100.0 .. 100.0 . 
100.0 100.0 
100.0 100.0 
100.0 99.0 

97.5 88.1 

2 tps normal. approach Ve10ci ty 

eont 34.0 
100.0 

0 100.0 4.0 0.0\ 
100.0
100.0 

9 
30.6 
20.8 

0 98.3 q.~ol 
2.9 98.4 3.2 

.0':0\ 
3.2 

98.4
97.6 

~i 
l~! 
3dl 

30.2 
40.4 
26.1 

3·0 96.8. 3.1 
6.5 98.4 6.4 
8.1 13.4 6.3 

2.4 
5.5 
4.2 

94.4 
81.8 
39.5 

691 28.5 8.0
I: 


I, 
3 fps normal approach ve10city 


eon,*ol 99.9 100.0 
3, 88.9 8.6 98.3 33.6 5.3 91.3
6' 91.0 11.1 98.3 33.9 4.4 91.4 
~ii 81.4 11.1 96.1 24.8 8.2 81.712'!! 94.4 9.5 92.6 33.3 12.5 83.3 

15: 70.2 6.4 76.0 42.5 8.5 40.0 
301 

11 

601 
1: 

! . . . . 
Y '4e percentages given are the mean of four or five replicates of 25 :fish 

p'rrep1icate•. 
Ii 

g/ After a 48-hour holding period. 

11 Itsignificant injury in the 1 fps tests. 
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At 3 :fps the survival. rate dec~ined for both groups of fry after 

6 in. impingement with the buttoned-up fry showing a greater mortality. 
I 

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

an mouths gaped. Some fish ~ost their equilibrium and showed greater 

gen. stress at 6 min. impingement. As duration of impingement increased 

condition of the fish ra.pidl.y' deteriorated. Injuries among both groups 

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

vel cities tested under fie~d and laboratory conditions. These curves 

a progressive increase in the rate ():f".JIlf'rtejiiY'.witbl an increase in 

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

the field experiments and the 1.0, 2.0, and 3.0 :fps curves are from 

the ilaboratory experiments. 'lhe results from these experiments are 

tible and the progression of mortality increase with velocity is 
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One of the injury conditions observed upon immediate examination of 

imp nged chinook fry was the occurrence ofintern~ hemorrhaging in the' a.rea 

of ,he yol.k sac and caudal. pedunc1e. Inmediate examination of swim-up 

and buttoned-up fry tested at 1, 2, and 3 fps velocity on the stationary 

sc 'en at the Seatt1e laboratory showed that hemorrhaging did not occur 

in 1 fps tests, but was present in the 2 and 3 fps tests (Tab1e 5) •. 

In .he Troy tests, hemorrhaging occurred during the 1.5 fps tests but not 

dur ng the 0.5 fps tests. 'lhis suggests that the minimal. normal. ve10city 

ichhemorrhaging began to occur was about 1.5 f'ps. 
c 1 

A series of exploratory tests at 2 f'ps approach velocity was i conducted 

swim-up fry to determine the time at which hemorrhaging occurt'ed. 

were impinged upon a stationary screen for 15, 30, 45, and 60 seconds. 

rrhaging began at 30 seconds and increased to 33 percent occ~!1ce_! 

seconds (Table 6). '!his is comparable to the Troy and Seattle 

1abrator;y impingement experiments in which we observed a high 

hemrrhaglng within 3 minutes for 1.5 fps and greater velocities. 

Examination of the hemorrhaged fish 24 hours after testing showed 

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

emorrhaged condition was difficu1t to detect and appeared in onJ.y 

rcent of the injured fish. '!his indicated. that the blood had been 

orbed and hence the prev1ouS',ly observed injury was no longer visib1e. 

haviora1 differences could be detected between hemorrhaged and non-

h.emot:nua.ge!d fish as based upon visual. observations. 
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Tab e 6.--Occurrence of hemorrhaging spring chinook swim-up fry at 
2 fps watervelocity for various ~urations of impingement. 

Number 
of fish 
el;" test 

Number of fish 
showing 

hemorr e 

Percent 
hemorrhage· 

:60 46 
49 

15 
16 

32.6 
32.1 

:145 49 
64 

14 
11 

28.6 
26.6 

30 48 
41 

5 
4 

10.4 
9.8 

5 48 
50 
64 

0 
2 
0 

0.0 
4.0 
0.0 
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S~ffiRY AND CONCLUSIONS 

Biological tests were conducted with the HTS VII ata test facility 

in:1 the Grande Ronde River near Troy, Oregon. Groups of spring chinook 
I 

s on ranging in size from 26 mm to 170 mIn were released upstream from 

screen and recovered in inclined traps downstream from the screen to 

ob"ain information on diversion efficiency and survival, and the effect 

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

eriments were also run in the laboratory to further examine effects 

of 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 

erling and fry. No impingements were observed among fingerlings, 

fry readily impinged on the screen. At 0.5 f'ps velocity survival. 

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

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

Bu .toned-up fry appeared to be more severely affected than sac fry. '!he 

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

sac fry and this may have contributed to the difference in 

s Oval. 

'!he.following recommendations regarding duration of impingement are 

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

yed injury including effects of oxygen stress, and mortality after 

ours of post test holding: 

., II 
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Tests on chinook fry indicate that the duration of impingement 

II 
s~ould not exceed 15 minutes at 0.5 fps velocity, 12 minutes at 1.0 fps 

v~ocity, 

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

:t
I· . 

T~ major injury symptom 'WaS intern~ hemorrhaging in the yolk sac and 

dal peduncle areas of fry tested at 1·5 fps and greater velocities.

··...hemorrhaged areas showed almost complete recovery after 48 hours. 
. I . 

II We conclude from these tests that the HI'S VII can effectively 

ditert a high percentage of young salmonids with minimal adverse effect in 

t~ ranges of water velocities and impingement times that may be 

entountered in actual applications. However the results must be 

corsidered in perspective with the specific conditions under which the 

tetts were conducted. 
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