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Figure 3.--Six-pool test section of the 1-on-10-slope Ice 
Harbor fishway design. Divider panels inserted for 
optional testing under a half-width condition. 

Weir c r e s t  design.--Three types of weir  
c r e s t s  were used i n  the tes t s  (fig. 4). The 
original design specified The Dalles-type 
c res t ,  but to  eliminate certain undesirable 
character is t ics  of the overfall, we tested two 
other types of c r e s t s ,  the McNary and plane- 
surface ogee. 

Hydraulic conditions .- -The normal  head on 
weirs ,  measured 4 feet  ups t ream of the weir 
c r e s t ,  was 0.95 foot, which produced afishway 
flow of about 6 3  cubic feet per  second (c.f.s.). 
Velocities during normal  operation ranged 
f rom about 1 foot per  second (f.p.s.) on the 
surface to about 8 f.p.s. i n  the center line of 
the orifices. Metering stations (fig. 5) indicate 
the points at which velocity readings were 
obtained i n  pools 57 and 58 of the half-width 
fishway. Velocity plots during normal  flows 
IGrr LI sn.4 n v n n r ; m n n t = l  An..rc If n= 7 anrl R I  
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Figure 4.--Sectional views of types of weir crests. 

/DIVIDER WALL 

PLAN 

TOP OF WEIR 

MID-DEPTH 

CENTER LINE OF ORIFICE 

Figure 5.--Metering stations in the test fishway pool 
divided at center line. Dotted lines in planview indicate 
additional metering stations at center line (e1evation)of 
orifices only. 

( 3 )  orifice flow only (no overfall flow) with 
1.0-foot head on the orifice. When orifices 
were  closed, 0.95-foot head on weirs  produced 
a plunging4 flow, but s t reaming5 flows r e -  
~ l r l t n . 4  ~xrhnn t h n  hnsA n n  t h n  ~ . rn;re  ~ x r s ~  i n r r n s c o r l  
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Figure 6. --Velocities (f.p.s.) and direction of 
flow in pools 57 and 58 during normal opera- 
tion (test condition 1). 
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Figure 7.--Velocities (f.p.s.) and direction of 
flow in pool 57 during plunging and streaming 
flows with orifices closed. Broken lines indi- 
cate unstable flow directions. 
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Figure 8. --Velocities (f.p. s.) and direction of 
flow with all of the discharge confined to the 
orifices. 
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Figure 9.--Interior of the test fishway at p o l  59, showing attached 
observation chamber. Plexiglass wall panels are  3/4-inch thick. 

Figure 10.--Observation chamber (A)  for viewing passage of fish leaving the 
fishway through the orifices. Grillwork adjacent to window (B) deflects fish 
toward observer for better view and also prevents fish from drifting back 
through orifice after they have passed into the flow introduction p o l  (fore- 
ground). 

O b s e r v a t i o n  f a c i l i t i e s  . - - T w o  u n d e r w a t e r  t o  i n s p e c t  t h e  f l o w  p a t t e r n s  a n d  f i s h  m o v e -  
c h a m b e r s  w e r e  p r o v i d e d  f o r  o b s e r v i n g  f i s h  m e n t ;  a n d  t h e  o t h e r  c h a m b e r  at w e i r  6 0  
a n d  h y d r a u l i c  c o n d i t i o n s .  O n e  c h a m b e r  w a s  (f ig .  l o ) ,  t o  o b s e r v e  f i s h  a s  t h e y  p a s s e d  
p l a c e d  a d j a c e n t  t o  p o o l s  59 a n d  6 0  (fig. 9 )  t h r o u g h  t h e  o r i f i c e s  o n  c o m p l e t i n g  t h e i r  a s c e n t  



Figure 11.--Two release compartments and introductory area of the Ice Harbor 
fishway. Observer on right has opened gate to receive a fish from the collec- 
tion pool. Observer on left has released a fish into the divided fishway and is 
recording progress of the fish as it passes over weirs in the six-pool ascent. 
Button switches on the handrail are used to transmit weir crossings to a time- 
event operations recorder. 

of the fishway. Grillwork on the upstream side 
of each of these ori-fices helped to prevent 
fish from swimming back into the fishway 
f rom the flow introduction pool and  aided in  
the observation of fish by deflecting them 
toward the viewing window. 

In a model study, Corps personnel at  the 
Bonneville Hydraulic Laboratory tested the ob- 
servation chamber at  the head of the fishway 
(weir 60) to de termine  i ts  effect on fishway 
hydraulics. They found no noticeable effect. 

Test Procedure 

Passage times required to ascend the six- 
pool fishway were used to compare fish per -  
formance under various test conditions. P ro -  
cedures for  release,  timing, and comparison 
of passage time varied slightlywithindifferent 
types of tests .  

Types of tests.--Three types of performance 
tes t s  were made: Ascents by (1) individual fish, 
(2)  groups of mixed species, and ( 3 )  capacity- 
type fish concentrations, which were s imilar  

to group releases but involved la rger  numbers 
of f i sh6 .  

Release of fish.--Individual fish were r e -  
leased from either of two release boxes 
(fig.ll) ,  but only one fish at a time was per-  
mitted to enter the fishway. When the fishway 
was divided, two fish one on each side of the 
fishway, could be introduced simultaneously. 
As soon a s  each fish completed the ascent,  
another fish was released into the fishway. 
Species were identified and length of f ishest i-  
mated a s  each fish passed through the release 
box. 

Generally, the number of fish in a group 
tes t  ranged f rom 40 to about 300. After identi- 
fication, these fish were permitted to enter the 
test  a r e a  a s  rapidly a s  possible. 

These tests were made to examine capacity-type 
situations; that is, the maximum number of fish (size and 
species considered) that could be passed through a fishway 
of given size and hydraulic conditions. To approach a 
capacity condition, it was necessary to get as many fish 
as possible into the fishway in the shortest period of time. 



Figure 12.--Grills prevented orifice passage of fish at weir 54. All fish entering 
fishway passed over weir crest where they could be observed. 

In capacity-type tests ,  fish were collected 
for  about 48 hours prior  to a test.  The collec- 
tion pool bra i l  was partially raised to con- 
centrate fish near  the surface of the pool 
immediately before the test  started. A large 
entry gate between the release boxes was then 
opened; i t  provided access to the fishway f rom 
the collection pool. These tes t s  used only half 
of the fishway. At the upper weir,  special ob- 
s e rve r s  identified the species. 

Timing of fish.--An electrically driven 
operations recorder  recorded the movement of 
fish a s  they ascended the fishway. Each time a 
fish passed a station, the observer depressed 
a button switch, which in  turn activated a pen 
that scribed a mark  on a time-event chart.  
Chart records were translated to passage t imes 
and recorded on a daily operations sheet. 

Individual fish were timed a s  they entered the 
fishway a t  weir 54 and a s  they left it a t  weir 60. 
Since grills cover the orifices a t  weir 54 (fig. 
12), each fish crossing this weir could be ob- 
served. At weir 60, observers  above the weir 
noted fish passing the cres t ,  and those in  the 
observation chamber observed their passage 
through the orifices. A test  run was completed 
after  the fish either had ascended the sixpools 
of the fishway o r  had remained in the fishway 
for  more  than 1 hour without being observed. 

During group and capacity tests ,  counters 
at weirs 54 and 60 kept a time-event record of 
al l  fish entering and leaving the fishway and 

also noted a l l  "fallback activity." ~ i m e  inter-  
vals of the group test  periods varied, depending 
on the willingness of fish to ascend the six- 
pool fishway. Tests terminated either when 
a l l y  had passed through the fishway o r  
wh only a few slow-moving individuals r e -  
mained in  it .  Capacity tests  lasted 1 hour. 
The entrance gate closed 30 minutes after the 
s t a r t  of a capacity test,  but observations and 
counting continued another 30 minutes. 

Comparison of Passage Times 

Both median and mean passage times were 
used to compare performance of individual 
fish under various test  conditions. Median 
t imes were \based on al l  fish tested, including 
those individuals that spent more than 1 hour 
in  the fishway without completing the six-pool 
ascent, whereas mean passage times were 
based only on these fish that completed the 
ascent. A table of confidence intervals  (Dixon 
and Massey, 1957) was used to test  for dif- 
ferences between median passage t imes of 
various tests  with individual fish. 

Fo r  group and capacity-type releases,  a 
s tat is t ic  called "median elapsed time" was 
used to a s ses s  performance. This was derived 
by subtracting the time at which half of the 

Fish that drift or swim back over a weir or through 
an orifice. 



total release had passed the lower weir (ele- 
vation 54) from the time a t  which half of the 
total entered had passed the upper weir (ele-  
vation 60). Fallbacks were accounted for by 
excluding the next fish following. 

RESULTS 

The following analysis t rea ts  performance 
of both individual salmonids and groups of 
salmonids in  accordance with various test  
conditions (table 1) established in the labora- 
tory version of the Ice Harbor fishway (fig. 13). 

Individuals 

Individual salmonids tested under proposed 
fishway operating conditions ( test  condition 1) 
included chinook and sockeye salmon and 
steelhead trout in the full-width and half -width 
fishway. 

Chinook.--Two hundred and forty-nine chi- 
nook were timed in  the full-width fishway and 
253 inthe half-width fishway (table 2). A com- 
parison of median passage times (10.5 min- 
utes and 7.1 minutes, respectively) indicated a 
significantly faster  passage in the half-width 
fishway. Inspection of the mean pass age t imes 
also reflected a faster  ascent under the half- 
width fishway condition. Figure 14 presents a 
graphic comparison of these ascents. 

Steelhead.--Passage times of individual 
steelhead in the full-width and half-widthfish- 

way were s imilar  (table 2 and fig. 14). The 
median pas sage time for  78 individuals ascend- 
ing the full-width fishway was 5.5 minutes, 
whereas the median passage time for s imilar  
ascents of 151 steelhead in  the half-widthfish- 
way was 4.8 minutes. The difference between 
these times was not significant. Mean passage 
t imes for ascents during the full-width and 
half-width conditions were virtually the same 
(6.8 minutes and 6.7 minutes, respectively). 

Sockeye.- -The median passage time for 35 
individuals ascending the full-width fishway 
was 2.8 minutes, while the median passage 
time for s imilar  ascents of 51 sockeye in the 
half-width fishway was 5.0 minutes (table 2). 
The difference in passage times was not sig- 
nificant. Mean passage t imes were virtually 
the same--7.6 minutes in  the full-width fish- 
way and 7.5 minutes in the half-width fishway. 

Groups 

Group releases of mixed species weremade 
in the full-width and half-width fishway 
(table 3). While species composition of the 
groups varied, e i  t h e  r chinook salmon o r  
steelhead predominated in  individual tests .  
Passage t imes,  therefore, were considered in 
accordance with the dominant species i n  a 
given test.  

Chinook.--All c h i  n o  o k group releases 
(table 4) were made during test  condition 1 
(table 1). Median elapsed passage times for  
the four tests  i n  the full-width fishway ranged 

Figure 13.--The six-pool full-width-test section of the Ice Harbor fishway design under 
proposed operating conditions. 



Table 2.--Median and mean passage times of individual chinook, steelhead, and sockeye ascending 
s ix  pools of the Ice Harbor fishway under full-width and half-width conditions, May 10 t o  
September 20, 1960 ( t e s t  condition 1, table 1) 

P 

TOTAL PASSAGE TIME (MINUTES) 

Species 

Chinook .... 

Figure 14.--Comparison of ascents of individual salm- 
onids in the full-width and half-width fishway (test 
condition 1, table 1). Number of fish completing the 
ascent by 1-minute intervals expressed as a cumula- 
tive percent of total tested, June 8 to September 14, 
1960. 

f rom 6.6 minutes to 11.2 minutes. The average 
median elapsed time was 9.4 minutes. Two 
group releases conducted simultaneously i n  
both sides of the divided fishway had median 
elapsed t imes of 8.8 minutes and 8.2 minutes. 
Results of group tes t s  generally agree with 
those of tes t s  with individual fish; that i s ,  the 
f i sh  passed fas te r  through the half-width fish- 
way than through the full-width fishway. 

Fis hway 
condition 

Full-width 

Half -width 

Full-width 

Elling and Raymond (1959) and Elling (1960) 
described experiments in  whichlarge numbers 
of f ishpassedthrough a 1-on-16-slope fishway 
of pool-and-overfall design without orifices. 
In one of the largest  re leases ,  50 fish pe r  
minute were passed through a 4-foot-wide 
fishway for  20 minutes without any indication 
that the capacity of the fishway had been 
reached. 

During the experiment described here,  four 
tes t s  were made with a half-width section of 
the 1 -on- 10-slope Ice Harbor fishway (table 5). 
Performance,  expressed as  median elapsed 
t ime,  was fairly constant during the tes t  s e r i e s ,  
though sample s izes  ranged f rom 460 to 1,371 
fish. In June 1960, two tests ,  composed pr i -  
mar i ly  of chinook salmon, showed median 
elapsed passage t imes of 7.1 and 7.9 minutes. 

Steelhead.. 
Half -width 5/27-9/20 

Sockeye .... 6/14-7/12 
Half -width 

Date 

5/10-9/23 

5/27-9/20 

5/11-9/23 

151 

Confidence intervals for  the median derived from table A-25, Dixon and Massey (1957) . 
Based on f i sh  completing six-pool ascent i n  1-hour period. 

*Significant 
N.S. Not significant.  

CHINOOK STEELHEAD SOCKEYE Steelhead. - -Group tes t s  of steelhead (table 4) 

Median passage time 

N.S. 
4.8 4.3 

N .  S. 
51 5.0 

Mean passage time 

were conducted under test  condition 3 (table 1). 

r.--f Two group re leases  in  the full-width fishway 
N.S%..X showed median elapsed t imes of 3.7 minutes 

i:?~.35 and 7.2 minutes. In the half-width fishway, 
,? median elapsed t imes for  s ix tests  ranged 

..? f rom 4.7 minutes to 9.7 minutes with an aver-  
:. age time of 6.7 minutes. Included were two : I 

! j  t es t s  in  which f ish were released simultane- 
. . : I  ously into both sides of the divided fishway., 
I 
;! While there was a sizable range in  passage 

t imes  among the different tes t s ,  the data 
,$ generally indicate that steelhead performed 

Indivi- 
dual 
fish 

Number 
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, 
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Table 3.--Species composition of group releases ascending the half-width and full-width Ice 
Harbor fishway, June 8 t o  September U ,  1960 

I Test I 
condi- Date 

Half -width f ishway 

Test 12............ ... i 

Test 7'.. ............. 3 1 Sept. 14 

June 13 

Test 2................ 

Test 3................ 

Test 4................ 

Test 5................ 

Test 6'..... .......... 

Test 5................ A .  9 

Test 6................ Aug. 10 

3 

3 

3 

3 

3 

N l - w i d t h  f ishway 

Test l................ 

Test 2----- ........... 
Test 3................ 

Test 4................ 

Chinook 

July 28 

July 29 

Aug. 3 

Aug. 5 

Aug. 12 

Percent 

*go. 0 
x90.0 

15.0 

9.6 

10.4 

4.7 

4.9 

12.3 
23.2 

s97.6 

*94.6 

*91.5 

*77.4 

1 

1 

1 

1 

Species composition 

June 8 

June 9 

June 10 

June 24 

Chinook Steel- 
jacks I head I Sockeye 

Non- 
s akuonidsl 

Percent 

-- 
- - 

6.2 

2.8 

5.6 

2.6 

1.8 
2.1 

1.8 
5.8 

2.4 

- - 

Includes suckers (~atostomm sp.),  squawfish (~tychocheilus oregonensis), md carp 
(~ypr inus  carpio) . 

Both sides of the divided fishway tested simultaneously. 
*Dominant species. 

These performances compare favorably with 
those in the group tests  of June 13 (table 4) in 
which the median elapsed times for sample 
sizes of only 40 fish were 8.8 and8.2 minutes, 
respectively. Capacity tests  in late July and 
early August primarily used steelhead trout 
of sample sizes considerably largerthanthose 
in the June tests (table 5). Passage times in 
the midsummer tests a re  not directly com- 
parable with those in the earl ier  tests because 
of differences in season, species composition, 
and weir crest  design in  the two sets  of tests. 

The general performance of fish in these 
tests  showed that they moved freely through 
the fishway. The number of fish during these 
tests  was apparently insufficient to approach 
a capacity condition in  the fishway. 

Effect of Weir Crest Design 

The original Ice Harbor fishway design spe- 
cified The Dalles-type weir crests ,  but in our 
studies we noted that this crest  produced an 
a i r  pocket beneath the nappe of the overfall. 
As there was some concern that this condition 
might impede the passage of fish, we also 
studied the effects of two other shapes of weir 
cres ts ,  the McNary type and the plane-surface- 
ogee type (fig. 4). We compared passage times 
of fish under various weir crest  conditions 
(table 6). 

The McNary cres t  appreciably reduced the 
objectionable a i r  space and p r o v i d e d  a 
smoother overfall and a less turbulent flow 
pattern in the pools (fig. 15). Fish passage 



Table 4.--Comparisons of median elapsed times of group releases of chinook salmon and steelhead 
trout  ascending the half-width and full-width Ice Harbor fishway, June 8 t o  September 
14, 1960 

Half-width fishw 

Test l2 ............... Chinook 

Fish 
completing 
fishway 

Fish 
entering 
fishway 

Dominant 
species 

Test 2................ 

Test 3 . . . . . . . . . . . . . . . .  

Test 4................ 

Test 5................ 

Test 6'............... 

Steelhead 

Steelhead 

Steelhead 

Steelhead 

Steelhead 

Test 72 ............... 

Test 
condi- 
tion' 

Steelhead 

Full-width fishway 

Test l................ 

June 13 

July 28 

July 29 

Aug. 3 

Aug. 5 

Aug. 12 

Sept. l4 

June 8 

I 
Date 

Chinook 

Test 2................ 

Test 3................ 

Test 4................ 

Test 5................ 

Test 6................ 

Chinook 

Chinook 

Chinook 

Steelhead 

Steelhead 

Percent 

92.5 
87.5 

92.0 

100.0 

93.3 

98.6 

100.0 
95.8 

99.4 
95.6 

92.7 

1 

1 

1 

3 

3 

See table 1. 
Both sides of the divided fishway tested simultaneously. 

June 9 

June 10 

June 24 

Aug. 9 

Aug. 10 

Table 5.--Capacity t e s t s  i n  the 1-on-10-slope Ice Harbor fishway (half-width), 1960. Six-pool 
ascent, 60-minute t e s t  periods 

June 20 460 464 
h e  27 816 804 
July 25 1,371 1,344 
&. 1 1,256 1,165 

Date 

Fish / &dian 1 Species composition 1 Fish 
entering 
f ishway 

r e e k  Minutes Percent Percent Percent Percent 4 I I 1 - 1 - 1  

Fish 
leaving 
f ishway 

complet- 
ing 

f ishway 

19.4 

4-9 I The Dalles 
4.0 12.2 The h l l e s  
1.1 1.7 McNary 
0.6 1.3 McNary 

Includes suckers (catostomus sp. ), squawfish (~tychochei lus  oregonensis ), and carp (Cyprinus 
carpio). 

elapsed 
Passage 

time 

Weir type 

&inook Steel- 
head Sockeye salmonidsl 



Table 6.--&dim and mean passage times of individual chinook, steelhead, and sockeye ascending s ix  pools of the half-width Ice 
Harbor fishway under three weir crest  conditions, July 13 t o  September 16, 1960 

Type of crest 
md species 

tested 

Steelhead......... 

Sockeye........... 

McNary-type crest 
ChFllO~k........... 

Sockeye.. . . . . . . . . . 
Plane-surf ace ogee 
crest  - 

Chinook........... 

Steelhead......... 

1 Median passage time 1 Mean passage time3 

Date Individual 
bwer Median I f i s h  I l imit2 1 

July 13-21 
Sept. 6-16 

July 13-21 
Sept. 6-16 

July 13-21 

July 13-21 
July 22-Aug.1 
Sept. 6-16 

July 22-Aug. 1 
July 13-21 
Sept. 6-16 

July 22-Aug. 1 

July 22-Aug. 1 

Number 

27 
1 l4  

106 
109 

15 

16 
7 

104 

98 
140 
120 

17 

10 

89 

Minutes 

4.3 
2.1 

3.2 
2.8 

.6 

.5 

.5 
1.0 

1.4 
2.8 
1.8 

.6 

.4 

2.0 

Minutes 

Upper Individual Mean 
l imit  I f i s h  I I Range 

Minutes 

18.0 
8.4 

6.6 
6.1 

16.7 

11.0 
22.2 
5.6 

3.2 
4.8 
3.4 

5.1 

9.0 

3.2 

See table 1. 
Confidence intervals for  the median derived from table A-25, Dixon and Massey (1957). 
Based on f i s h  completing six-pool ascent i n  1-hour period. 
Weir baffles chamfered. 

Number - 
26 

113 

106 
109 

15 

15 
7 

103 

98 
138 
120 

17 

10 

89 

Minutes 

11.4 
8.2 

7.1 
6.1 

9.3 

6.2 
11.2 
7.1 

4.8 
4.9 
4.2 

4.7 

4.0 

4.9 

Minutes 

1.2-35.6 
-1-42.0 

-5-32.7 
-6-39.6 

-3-36.7 

-3-40.5 
-5-22 2 
-2-55 -4 

-4-40.4 
-4-30.8 
-4-30.0 

-4-22-5 

-4-10.1 

-4-62.4 



Figure 15.--Operational view of the Ice Harbor fishway with McNary crests on right 
and The Dalles crests on left. Note reduced turbulence in  flow pattern on right. 
Corners on downstream face of the weir baffles on left are chamfered and those on 
right squared. Eventual design of prototype was modified to conform with structure 
on right. 

also improved over that under The Dalles-type 
condition. Generally, faster ascents occurred 
when the McNary cres t  was used (table 6). 

The plane-surface -ogee-type crest  also 
effectively reduced the a i r  space beneath the 
weir nappe. Performances of fish under this 
condition compared favorably with those under 
the McNary crest  condition for the same gen- 
e ra l  period. 

The generally improved hydraulic condition 
and favorable performance of fish under the 
modified weir crest  conditions led to a rec-  
ommendation that McNary-type crests  be used 
in the prototype. 

Weir Baffle Design 

During some of the tests the downstream 
face of the weir baffles were chamfered and 
on others they were squared (fig. 15). With a 
chamfered face on the weir baffles, overfall 
flows flared toward the center of the pool 
(fig. 13). Squaring the face of the weir baffles 
appeared to improve the weir overfall condi- 
tion by confining the spill to a direct in-line 
flow. 

Effect of Flow Conditions 

The proposed Ice Harbor fishway was de- 
signed to  operate with an overfall and orifice 

flow with about 1 foot of head on the weirs. 
During evaluation tests ,  various flow condi- 
tions (figs. 16 and 17) were examined to assess  
their effect on passage of individual chinook 
salmon and steelhead trout, These included 
(1) overfall and orifice flows with 0.95-foot 
and 1.20-feet of head on the weirs. (2 )  overfall 
flows with 0.95-foot and 1.20-feet head on the 
weirs and with the orifices closed, and (3) ori-  
fice flows with no overfall. McNary-type 
crests  were installed during these tests. 

Chinook.- -Results of tests with individual 
chinook salmon (table 7) showed that certain 
flow conditions materially affected thei r move- 
ment i n  the fishway. Under the overfall and 
orifice flow condition, the median passage 
time was significantly less when the head on 
the weirs was 1.20 feet than when i t  was 0.95 
foot. When only overfall flows prevailed and 
the head on the weir was 1.20 feet. the median 
passage time was significantly greater than 
that under the overfall flow condition with 
0.95-foot head on the weirs. 

Performance under orifice flows only (with- 
out overfall) compared favorably with that 
under the overfall-flow-only condition with 
0.95-foot head on the weirs. When only orifice 
flows prevailed. chinook salmon responded 
quite readily to this hydraulic condition and 
spent little time in roaming about the pool. 



Figure 16.--Operational view of the Ice Harbor fishway withMcNary-type weir crests 
on both sides. Orifices are functional on the left and closed on the right. Weirs 
have 0.95-foot head. 

Figure 17.--Operational view of the Ice Harbor fishway during orifice flow. 



See table  1. 
Confidence intervals  f o r  the median derived from table  8-25, Dixon and Massey (1957). 
Based on f i s h  completing six-pool ascent i n  1-hour period. 

A The s l i g h t  overfa l l  noted on weirs 55 and 56 i n  f igure  17 occurred when the pool surface rose during surges of water 
through the o r i f i ces .  

Table 7.--Median and mean passage times of individual chinook salmon ascending s i x  pools of the half-width Ice Harbor 
fishway under various flow conditions, August 22 t o  September 30, 1960 

Flow 

QF!? 

Overfall and 
o r i f i ce  flow 

I- 
m 

Head on 
weirs 

- Feet 

0.95 
1.20 

Overf a l l  8/15-9/2 
flow only 8/22-9/2 

Orif ice  
flow only A 0.00 8/2-9/30 

Test 
condi- 
tion1 

2 
28 

Date 

8/15 -9/20 
8/22-9/2 

33 
13 

5 7 

33 
13 

56 

1.3 
5.2 

1.5 

.5-22.0 
-4-27.5 

6.7 .5-42.9 

Median passage time 

Individual 
f i s h  

Number 

44 
36 

2.8 
9.5 

2.6 

Mean passage time 

6.8 
19.7 

4.8 

Individual 
f i s h  

Number 

44 
35 

Lower 
limit2 

Minutes 

2.1 
.6 

Mean3 

Minutes 

7.9 
4.6 

Median 

Minutes 

5.6 
.9 

Range 

Minutes 

-4-43.2 
.4-27.3 

Upper 
limit2 

Minutes 

8.1 
8.2 



During overfall flow conditions with 1.2 feet 
of head, the fish often moved about the pool 
considerably before passing to the next pool. 

Steelhead.- - The performance of steelhead 
under various flow conditions (table 8) was 
s imi lar  to that evidenced in tes t s  with chinook 
salmon. The increase in  head on the weir 
induced faster  ascents when orifices were 
open and slower ascents when orifices were 
closed. The fastest ascent occurred when only 
orifice flows were present,  and the slowest 
ascents occurred during the overfall-only 
condition. 

Observations f rom the viewing a rea  revealed 
that steelhead actively explored the lower half 
of the pool when orifices were closed. During 
tes t  condition 2C (orifices closed and high 
flow), steelhead nearly always rested on th 
bottom of the pool. Characteristic behavic 
during orifice flow as  direct passage throug 
the pool in  line with the orifices. 

Weir Overfall vs .  Orifice Passage 

Observations were made at  weir 60 to deter-  
mine if various species preferred the weir 
overfall o r  the orifice during ascent. Tests 
were made on individual chinook, steelhead, 
and sockeye, and on two group releases of all  
species available. 

The percentage of individual chinook, steel- 
head, and sockeye using weir overfalls and 
orifices was calculated for  May through Sep- 
tember (table 9). Chinook and steelhead showed 
a seasonal difference in  behavior. During May 
and June most chinook prefer red  the orifice, 
but during July, August, and September they 
preferred the weir overfalls. Steelhead, how- 
ever ,  prefer red  weir overfalls early in  the 
season and orifices la te r  on. Sockeye con- 
sistently prefer red  the weir overfalls. 

Two group releases,  comprised of both 
salmonids and other fish, provided additional 
information on the preference of various 
species for  either the overfall o r  the orifice 
during passage (table 10). Salmon and steel- 
head responses were comparable to those in  
the tests  with individual fish. Squawfish 
(Ptychocheilus oregonensis), suckers  (Catos- 
tomus sp.), a n d y p r i n u s  carpio) de- 
cidedly prefer red  orifice passage while shad 
(Alosa sapidissima) predominantly preferred 
the overfall. 

COMPARISON OF PERFORMANCE IN 
1-ON-10- AND 1-ON-16-SLOPE FISHWAYS 

A preliminary evaluation of the tes t  fishway 
may be made by comparing passage t imes of 
f ish in  the six-pool Ice Harbor design to s imi-  
l a r  data f rom previous tests  in  a six-pool 
section of a 1 -on- 16-slope fishway without 
orifices. Passage times by species (fig. 18) 

a r e  shown a s  a cumulative percentage of all  
f ish completing an  ascent of s ix pools in 60 
minutes or  less .  Data for the 1-on-16-slope 
fishway apply to a s tructure 11.5 feet wide, 
whereas the 1-on-10 material  i s  based on 
tes t s  conducted in  fishways both 8 and 16 feet 
wide. While seasonal distribution of fish inthe 
respective comparisons differed, the major 
portion of the chinook, steelhead, and sockeye 
runs in each year  was covered fairly well. 

These comparisons show that the three 
species made faster  ascents in  the 1-on- lO- 
slope fishway than in the 1-on- 16-slope fish- 
way. The difference in  performance of chinook 
and sockeye salmon in the two fishways was 
l e s s  than that of steelhead, but a trend of 
somewhat faster  ascent in the 1-on- 10 slope 
was still  apparent. 

The performance of fish in  the two fishway 
slopes may be further compared by examining 
resul ts  of capacity tests  in  the respective 
fishways. Tests  in  a 1-on-16-slope fishway on 
June 25, 1957, (Elling, 1960) can be compared 
with the tes t s  of June 20 and 27, 1960, in  this 
report.  Mostly chinook salmon were used in 
the 1957 and 1960 tests .  Respective median 
elapsed times for  the 1957 tests  were 9.2, 10.0, 
and 13.1 minutes, whereas in the 1960 tests ,  
passage t imes for  a s imi lar  ascent of s ix 
pools were 7.1 and 7.9 minutes. Again, these 
data appear to parallel resul ts  of the compari- 
son with individual fish; that i s ,  a somewhat 
faster  ascent occurred in  the 1-on- 10-slope 
fishway than i n  the 1 -on- 16-slope fishway. 

The foregoing analysis must,  of course, be 
considered with some reservation because 
conditions for passage were not comparable 
in the two fishways; that i s ,  orifices were 
present in the 1-on- 10 slope and lackinginthe 
1 -on- 16 slope. Without knowing how orifices 
would have affected passage in  the 1-on- 16- 
slope fishway, we must await comparisons of 
both fishway designs with orifices under pro-  
totype conditions before we can make the final 
analysis.  Nevertheless, results of the current  
work appear to be sufficiently encouraging to 
warrant  a judgment that a 1 -on- 10-slope fish- 
way of the design tested should be a s  suitable 
for  passage of fish as  the conventional 1 -on- 
16-slope fishways now used on the Columbia 
River. 

SUMMARY AND CONCLUSIONS 

A full-scale, six-pool section of the pro- 
posed 1-on- 10- slope Ice Harbor fishway de- 
sign was tested in  the Fisheries-Engineering 
Research Laboratory at Bonneville Dam be- 
fore constructing the prototype. Pools were 
16 feet wide by 10 feet long (weir center to 
weir center).  The key feature of this fishway 
i s  the special weir design consisting of a 
center baffle and vertical flow stabilizers, 
with 5-foot wide overfall sections on each side 



Table 8.--kdian and mean passage times of individual steelhead t r o u t  ascending s i x  pools of the  half-width Ice Harbor fishway 
under three d i f f e r e n t  flow conditions, August 22 t o  September 30, 1960 

Test 

Uverfall and 
o r i f i ce  flow 

Overf a l l  0.95 2 B 
flow only 1 1 . 2 0  / 2c 
Orif i ce  
flow only 

I b d i a n  passage time I b a n  passage time 

See table  1. 
Confidence in te rva l s  f o r  the median derived from table  A-25, Dixon and Massey (1957). 
Rased on f i s h  completing six-pool ascent i n  1-hour period. 

Table 9.--Percent of individual chinook, steelhead, and sockeye using weir overfa l ls  and o r i f i c e s  a t  weir 60, 
May t o  September 1960 

Individual Lower hkdian 
l i m i t 2  

Minutes Minutes 

8/15-9/2 3 .1  4.3 
8/22- 9/2 1.8 2.9 

8/15 - 9/2 5.0 5.5 
8/22- 9/2 10.8 11.9 

1 2 2 6  1.5 8/2- 9/30 1.8 

Month G 

k a n 3  

Minutes 

5.6 
5.0 

6.6 
13.0 

3.8 

count 

Range 

Minutes 

-4-23.9 
-3-26.8 

-5-25.2 
1.2-64.2 

.4-38.9 

1 

Upper 
l i m i t  

Minutes 

5.7 
4.4 

6.9 
13.9 

2.1 

May.... . . . . . . . . . . . . . .  1 61 

Individual 
f i s h  

Number 

181 
116 

159 
68 

223 
- 

June ................. 1 274 

Ju ly................. I lo7 
August ............... I 30 
September ............ 1 293 

Chinook 

Total . . .  ............. 

Percent 

39.3 

36.5 

69.2 

60.0 

64.2 

52.8 765 

Percent 

60.7 

63.5 

30.8 

40.0 

35.8 

47.2 

Weir 60 
count 

Number 

Steelhead 

passage 
Ori f ice  
passage 

Percent - Percent Percent Number Percent 



Table 10.--Percent of different  species using 
weir overfal ls  and or i f ices  a t  weir 60 dur- 
ing two group releases, June 29 and July 6, 
1960 

Species 1 wzzy crest  1 Orif i ce  

Chinook........ 
Steelhead...... 
Sockeye.. . . . . . . 
Shad ........... 
Squawfish ...... 
Sucker......... 
Ca rp........... 

Number 

29 
35 
39 
15 
24 

233 
8 

Percent 

27.6 
40.0 
94.9 
73.3 
16.7 
11.6 
0.0 

Percent 

72.4 
60.0 
5.1 

26.7 
83.3 
88.4 

100.0 

of the fishway. There a re  two 18-inch square 
orifices in  each weir located on the floor and 
adjacent to the s ides of the fishway. 

Passage t imes of chinook salmon, sockeye 
salmon, and steelhead trout were used to 
a s ses s  performance of fish under various 
operational conditions in  the test  fishway sec-  
tion. A divider panel, inserted in  the center 
of each pool, permitted simultaneous testing 
of the effects of various fishway modifications 
on the performance of fish. Comparisons of 
the performance of fish under half-width (8 
feet wide) and full-width fishway (16 feet wide) 
conditions were also made. Results of these 
tes t s ,  when compared with s imi lar  data f rom 
previous tests  i n  a 1-on- 16-slope fishway, 

provided a preliminary basis  for evaluating 
the new fishway design. 

Flow patterns and velocity profiles were 
obtained under normal and experimental op- 
erating conditions. These showed velocities 
ranging f rom approximately 1 to 8 feet per  
second in  various par t s  of the pool, with the 
majority of the flows ranging between 1 and 2 
feet per  second. 

A summary of observations during evalua- 
tion of various conditions follows: 

1. Comparisons of passage times of fish 
under half-width and full-width fishway condi- 
tions showed that individual chinook salmon 
made significantly faster  ascents under the 
half-width fishway condition than under the 
full-width condition. Steelhead trout and sock- 
eye salmon performed about the same under 
either condition. Tests with groups of fish 
indicated similar  resul ts .  

2. During four capacity tests  in the half- 
width fishway, as  many a s  1,371 fish entered 
the test  a r ea  during a 30-minute entry period. 
Performance during these tests  did not indi- 
cate that fish movement through the fishway 
was impeded. More than 90 percent of the fish 
i n  all  tests  passed through the fishway during 
the 60-minute observation periods. 

3. Use of a McNary-type weir c res t  i n l i eu  
of a Dalles -type cres t ,  specified inthe original 
design, improved hydraulic conditions in  the 
fishway and appeared to hasten slightly the 
passage of fish. Brief examination of the 
effects of a plane-surface-ogee cres t  indicated 

CHINOOK S T E E L H E A D  SOCKEYE 

Figure 18.--Cumulative distribution of passage times of individual chinook, steelhead, and 
sockeye in 1-on-10- and 1-on-16-slope fishways. Number of fish completing a six-pool 
ascent by 1-minute intervals expressed as a cumulative percentage of total tested (1-on-10 
slope--1960, 1-on-16 slope--1956 and 1957). 



results s imilar  to those shown when the 
McNary-type cres t  was used. 

4. A minor change in  the original design of 
the weir baffles (squared corners  rather  than 
chamfered corners  on downstream face) im-  
proved the weir overfall condition. 

5. Observations on the effect of various 
flow conditions on passage of fish showed that 
both chinook salmon and steelhead trout made 
significantly faster  ascents under an  overfall 
and orifice flow condition when the head onthe 
weir was increased f rom 0.95 foot to 1.2Ofeet. 
With the orifices closed, both species made 
significantly slower as  cents when the head on 
the weirs was increased from 0.95 foot to 1.20 
feet. When only orifice flows were provided, 
steelhead ascended the fishway in  l e s s  time 
than under any of the other conditions tested. 
Chinook salmon appeared to accept quite 
readily the orifice-flow-only condition and 
ascended the fishway without apparent diffi- 
culty. 

6. The preference of various species of fish 
for  orifices o r  overfalls during ascent was 
examined at the uppermost weir of the fishway. 
Chinook salmon preferred orifice passage 
during the ear ly  part  of the season and r e -  
versed this preference a s  the season 
progressed. Early runs of s teelheadpreferred 
the overfall and la te r  runs the orifice. Gen- 
erally, preference ratios were about 60 to 40. 
Over 85 percent of sockeye salmon used the 
overfall pas sage during ascent. 

Among other fish observed were carp. 
shad, squawfish, and suckers. Eighty-three to 
one hundred percent of the carp, squawfish. 
and suckers  used the orifice passage. Shad 
favored the overfall. 

Results of performance of salmonids in  the 
new 1-on-10-slope Ice Harbor fishway were 
compared with s imilar  data from previous 
tes t s  in  a 1-on- 16-slope fishway. Comparisons 
indicate that a 1 -on- 10-slope fishway of the 
design tested i s  a s  suitable for passage of 

fish a s  conventional 1-on- 16-slope fishways 
now used on the Columbia River. 
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