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INTRODUCTION 

Lower Granite and Little Goose Dams are the two dams where fish are 

collected for the transportation of smolts from the Snake River (Fig. 1). 

Acceptable fish collection efficiency at these dams is necessary for program 

success. The U.S. Army Corps of Engineers (COE) and the National Marine 

Fisheries Service (NMFS) continue their efforts to improve fish collection at 

these dams. Submersible traveling screens (STS) that divert smolts from the 

turbine intakes into gatewells are a vital component of the collection system 

at these collector dams (Fig. 2). Turbine intakes at Lower Granite Dam are 

unique because there is a special fish screen slot (FSS) as well as the normal 

bulkhead slot (BHS) and operating gate slot (OGS) (Matthews et al. 1977). 

Earlier studies determined that the FSSs were not as efficient as the BHSs for 

STS operation and, therefore, are no longer used (Park et al. 1976, 1977). 

A fish guiding efficiency (FGE) of about 70% was deemed necessary for 

effective collection based on work conducted at other dams. Tests at McNary 

and Bonneville Dams (First Powerhouse) determined that the measured FGE 

approached this theoretical figure (Krcma et al. 19 80, 19 82). 

Studies conducted at Lower Granite Dam over the past 4 years provided 

valuable information for improving fish collection efficiency at the dam. 

Baseline data obtained in 1982 revealed that FGE for chinook salmon was only 

about 50%, considerably below acceptable levels (Swan et al. 1983). Flow 

patterns from model studies performed in fall 1982 suggested the problem might 

be fish diverting under the STS. Raising the operating gate in the model 

increased the flows up the gatewell and reduced the amount of flow deflecting 

under the STS. Prototype tests of this option were conducted at Lower Granite 

Dam in 1983. Results showed a positive improvement in FGE (to about 74%) by 

raising the operating gate 20 feet (Swan et al. 1984). 
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FGE testing in 1984 was designed to determine the benefit of the balanced 

flow vertical barrier screen (BFVBS) with a raised operating gate. Initial 

tests produced exceptionally low FGE for chinook salmon--about half that 

measured in 1983. Attempts to isolate the cause of the decline were 

inconclusive. There were two differences in test conditions between 1983 and 

1984: 

( 2) a 

( 1) perforated instead of solid plate on the lower end of the STS and 

new trash boom in the forebay (Fig. 3A). The limited testing in 1984 

comparing solid with perforated plate showed no appreciable differences. 

There was no time to isolate differences that might have resulted from the new 

trash boom. There was speculation, however, that the heavy spill throughout 

1984 may have diverted the more surface-oriented fish over the spill, and 

those entering the power house were the deeper-running, less guidable fish. 

Research objectives for 1985 included: 

1. Isolating the influence of the trash boom on FGE. 

2. Determining if there were significant differences in FGE between a 

20- and 62-foot raised operating gate. 

3. Measuring vertical distribution to estimate potential FGE and to 

provide calibration for the hydroacoustics test program conducted 

simultaneously with the NMFS work. 

This report provides analysis of pertinent findings of the research 

conducted in 1985. 

nets. 

METHODS AND MATERIALS 

Experimental Equipment 

The following equipment and services were needed to conduct the research: 

1. STSs 5 and 15 were equipped with a full complement of fyke and gap 
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2. Two gatewell dip nets (Swan et al. 1979). 

3. On-deck fish examining facilities. 

4. Two mobile cranes. 

5. BFVBS in Unit 4A and 4B and a standard vertical barrier screen (SVBS) 

in Unit 4C. (A BFVBS consists of a SVBS with a 30% porosity plate attached to 

the downstream side of the screened panels). 

6. One vertical distribution net-frame and fyke nets. 

7.  .. COE services. 

a. Provided gantry crane service for preparation and performance of 

STS FGE and vertical distribution tests. 

b. Provided installation of special plugs to seal off all of the 

Wagner Horns in Unit 4 to prevent fish entry into. the test units. 

c. Provided installation of special closure devices in each FSS of 

Unit 4. 

d. Made special provisions for temporarily raising the operating 

gates in Units 4A and 4B. 

e. Provided trash boom disconnecting, removal, and reconnecting 

services (Figs. 3A and 3B). 

tests. 

f. Provided unit outage required for vertical distribution and FGE 

Measurements and Procedures 

Testing began in early April when adequate numbers of downstream migrant 

spring chinook salmon began arriving at Lower Granite Dam. Most tests 

required simultaneous measures of FGE in Units 4A and 4B and vertical 

distribution in Unit 4C. Later in the season, to minimize impact on fish, 

some of the vertical distribution tests were not conducted. Units 4A and 4B 
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were equipped with BFVBS and with modifications that allowed the operating 

gates to be raised 20 and 62 feet from the standard stored condition. Unit 4C 

was equipped with a standard vertical barrier screen with no provision for 

raising the stored operating gate. 

STS Fish Guiding Efficiency 

Prior to the testing program, closure devices were installed in the FSS 

of Units 4A, 4B, and 4C to prevent the entry of fish so all the guided fish 

could be recovered by only having to dip the BHS. Also, a specially designed 

plug was installed to prevent similar entry in the Wagner Horns of Units 4A, 

4B, and 4C. 

To obtain numbers of unguided fish in each test, the STSs were equipped 

with a composite of five rows of nets attached to a net frame suspended below 

the STS. All of the fish were sampled from the upper three rows of the fyke 

nets where most of the unguided fish usually passed. A one-third sample was 

proyided in the lower two rows where few fish usually passed (Fig. 4). The 

uppermost fyke net (one-half fyke net) in each column was approximately 3. 5 by 

6. 5 feet, and the lower nets (full-size fyke nets) were approximately 6. 5 feet 

square. A gap net attached near the top of the STS captured fingerlings that 

passed through the space between the top of the STS and the concrete beam that 

divides the OGS and BHS. Two closure nets attached to the back of the STS 

captured fish passing below the STS but over the top of the fyke-net frame. 

Turbine Unit 4 was run only when FGE tests were conducted. Test STSs 

were operated in the standard screen cycling mode (4 min out of every 24 min) 

to be consistent with operations of the rest of the project STSs. Bypass 

orifices in Units 4A, 4B, and 4C remained closed throughout the testing 

season. 
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The following sequence of events was typical for conducting an STS FGE 

test: 

1. The STSs in Units 4A and 4B with attached fyke-net frames were 

lowered into the intake with the gantry crane, and the STSs were extended to 

the fish guiding angle of 55 °. 

2. The BHSs were dipped to remove all fish present at that time. 

3. The operating gates in Units 4A and 4B were set for the prescribed 

test condition. 

4. The test started as Unit 4 was brought to peak efficiency (135 MW)-­

the turbine load for all tests conducted in 1985. 

5. The numbers of fish entering the BHSs were monitored by periodic 

dipnetting, and the test was terminated when adequate numbers of fish for 

statistical needs were collected. 

6. The turbine wa� shut down, and final cleanout dips were made. 

7. The operating gates in Units 4A and 4B were returned to their normal 

or temporary stored position. 

8. The STSs were retracted from the 55 ° angle and brought to the 

surface. Fish captured in the nets were removed for identification and 

enumeration. 

After the initial test, the following additional steps became routine: 

9. The fyke nets were checked for condition, the STSs with attached 

fyke nets and frames were again lowered into the intake extended to the 

guiding angle. 

10. Just prior to starting the next STS FGE test, the operating gates in 

Units 4A and 4B were again set at the appropriate respective levels. 
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11. To begin the next test (about dusk the next evening), Unit 4 was 

brought on line to peak efficiency and the sequence was repeated. 

During a test, the operating gate in one unit was raised 62 feet, and the 

gate in the other unit was raised 20 feet. The gate levels were reversed 

during the next replicate series. After sufficient replicates had been 

conducted to determine if there were significant differences in FGE between 

the 20- and 62-foot gate conditions, the remainder of the testing compared a 

standard gate condition to the 62-foot condition. 

Seven tests were conducted (Table 1). During Tests 2 and 3, the trash 

boom was removed ("out"). The trash boom was in place during all other 

tests. Due to river flow conditions, only two tests were conducted with spill 

( 20 and 40%). The remainder of the tests were performed under a no-spill 

condition. 

NMFS researchers have long suspected that trash (driftwood) buildup in 

the forebay could affect juvenile salmonid behavior and possibly have some 

effect on FGE. During Test Series 3, an effort was made to simulate trash 

buildup in front of Unit 4. With the trash boom out, a COE fish 

transportation barge and the NMFS research barge were moored abeam of each 

other along the upstream face of the powerhouse directly over the entrance to 

the turbine intake of Unit 4. The barges remained in this position during two 

test replicates (23 and 24 April). 

For each test condition, the experimental design required about 500 fish 

per replicate and a minimum of three replicates to be able to identify a 

difference of 10% or greater in FGE at an " Cl" = 0.05 level of significance 

with a power of test of 1- f3" = 0.80. In the· repeated trials, the number of 

replicates was determined using the formulas in Appendix A, as based on FGE 
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Table 1.--Fish guiding efficiency (FGE) tests and simultaneous vertical 
distribution (VD) tests were conducted at 135-MW turbine loads with 
the following conditions in Turbine Unit 4 at Lower Granite Dam in 
1985. 

Test Condition 
Vertical 

Test FGE tests in distribution t
7
sts 

series Units 4A & 4� in Unit 4c.£; Trash Spill 
no. (ft) (ft) boom % 

1 20 vs 62 0 in 0 

2 20 vs 62 0 out 0 

3 0 vs 62 0 out 0 

4 0 vs 62 (two tests) 0 in 0 

5 0 vs 62 0 in 40 

6 0 vs 62 0 in 0 

7 0 vs 62 0 in 20 

No. of 
replicates 
FGE VD 

5 5 

4 4 

4 4 

4 4 

1 1 

3 1 

3 1 

2./ Position of the operating gate (raised 0, 20, or 62 feet). Conditions were reversed 
alternatively for each replicate • 

... _b/ All tests conducted with the operating gate in the standard stored position. 
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standard error of 0.0314 obtained from other FGE studies. Contingency table 

procedures applying the G-test (Sokal and Rohlf 1981) and a balanced 

cross-over analysis of variance.!/ were used in the statistical analysis. 

Each test started between 1800 and 1900 h and was conducted from 1 to 5 h 

until adequate numbers of guided fish were collected for statistical analysis, 

as determined by gatewell dipnetting. This would vary depending upon FGE. If 

FGE was anticipated to be about 60%, then testing would stop after about 300 

fish ( of the target species) were guided. For 70% FGE, testing would stop 

when 350 fish were guided. For most tests in 1985, the target number was 300 

guided fish. 

The procedures for determining FGE were similar to those used in previous 

experiments of this type (Swan et al. 1983, 1984, 1985). Gatewell dipnet 

catches provided the number of guided fish; catches from nets attached to the 

STS provided the estimates of the percentage of unguided fish. Guided fish 

included fish from the BHS only. FGE was calculated as guided fish divided by 

the total estimated number of fish passing through the intake during the test 

period: 

FGE = ____ G_W--:---:,-�-=- x 100 
GW+GN+FN +1. 5 (CN) 

GW = gatewell catch (BHS) 
GN = gapnet catch 
FN = fyke net catch (multiplied by 3 when fishing 

only the center one-third of the intake) 
CN = closure net; the closure net catch was expanded 

by 1. 5 because the closure nets only fished 
two-thirds of the area. 

Recommended by Dr. Lyle D. Calvin, Consulting statistician for the COE. 
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Vertical Distribution Tests 

Vertical distribution tests provided the means to determine: (1) how 

deep chinook salmon and steelhead were traveling in the turbine intake, and if 

this figure varied thr ough the migration; (2) theoretical FGE (TFGE) based on 

numbers of fish in the intake that potentially were in the area that could be 

intercepted by an STS; and (3) an estimate, that coul d be calibrated with 

concurrent hydroacoustic tests, of total passage through the intake over 

several hours. 

Tests were cond ucted in Unit 4C simultaneously with FGE tests in Units 4A 

and 4B. The operating gate in Unit 4C was in the standard stored position. 

The top three horizontal rows of the vertical distribution net frame were 

fully netted in an effort to balance the flows. To minimize fish mortality, 

only the center vertical column of nets, from ceiling to floor of the tur bine 

intake, had cod ends attached and caught fish (Fig. 5). An analysis by 

Ossiander.Y of over 200 rep licates of previo.us FGE and vertical distribution 

tests at several dams demonstrated that the center row of nets caught about 

the expected 33% of the total catch. A standard replicate for vertical 

distribution was conducted in a similar manner and length of time as the FGE 

tests, i.e., closing the orifice, lowering the net frame, dipnetting the 

gatewell, etc. At the end of each test, individual net catches were 

identified and enumerated by species. Vertical distribution was based on an 

estimate of the total number of fish entering the intake. Since the center 

column of fyke nets fished one-third of the intake, each net catch was 

JJ Memo 10 March 1986, F. Ossiander to Teri Barila, COE. "Com parisons of 
center and side net catches from FGE and vertical distribution tests". 
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multiplied by a factor of three to estimate the number of fish at that net 

level. The sum of these estimates plus the gatewell catch provided an 

estimate of the total number of fish and their distribution when entering the 

intakes. The percentage of fish for each net level (vertical distribution ) 

was determined by dividing the computed net level catch by the total intake 

estimate. The (TFGE) estimate was derived by dividing the number of fish 

caught in the upper two and one-half nets by the total intake estimate. 

Confidence intervals ( CI) for each net catch at the 95% level were defined 

using the expression: 

Fish Quality 

P± t(l-a/2, K-1) S/ 1K 

Where: K = number of replicates 
S = standard deviation among replicates 

a = probability of Type I error. 

Descaling of fish in the Bl:lS was monitored as a measure of fish quality 

for each FGE and vertical distribution test. Descaling was determined by 

dividing each side of the fish into five equal areas; if any two areas on a 

side were 50% or more descaled, the fish was classified as descaled. 

RESULTS 

STS Fish Guiding Efficiency 

A total of seven test series consisting of 25 individual tests were 

conducted between 11 April and 2 June. The test conducted on 16 April was not 

used in the statistical analysis of the data, as only one span of the trash 

boom had been removed at that time. Tables 2 and 3 list the test conditions 

and the corresponding FGE and TFGE percentages (a numerical listing by species 

in these �ai is showa in Appendix B). 
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Table 2.--Results of fish guiding efficiency (FGE) and vertical distribution tests on yearling 
chinook salmon at Lower Granite Dam in 1985. 

Test 
series 

no. 

7 

1 

2 

3 

4 

5 

6 

Dates 

11-15 Apr.bf 

17, 19-21 Apr 

22-25 Apr.cf 

29 Apr-2 Ma#-/ 

5 May 

15-17 May.di 

31  May-2 Jun::! 

No. 
reps. 

5 

4 

4 

4 

1 

3 

3 

Unit 4-C, 

No raised 

operating gate 

59.6 

53.5 

63.2 

85.2 

82.6 

75.8 (1 rep) 

82.3 (1  rep) 

Units 4-A & 4-B 
% FGE % FGE 

Operating gate raised 

20 feet 62 feet 

40.0 

35.6 

40.1 

36.6 

Operating gate raised 

0 feet 62 feet 

38.1 

59.9 

58.5 

60.1 

55.7 

42.2 

70.9 

50.3 

72  .1 

65.3 

a/ Based on results of vertical distribution studies. 

Trash Spill 
boom (%) 

in 

out 

out 

in 

in 

in 

in 

0 

0 

0 

0 

40 

0 

20 

�/ 

c/ 

The replicate of 16 April was not used in analysis due to partial trash boom configuration. 

23 and 24 April - Barges moored in front of Unit 4 to simulate trash buildup. 

ia. 2./ Test condition identical in Series 4 and 6. The combined results show that the 7 1 %  FGE 
measured with the operating gate raised 62 feet is significantly higher (G = 100.21, df = 1, 
P < 0.001) than the 60% FGE measured with the operating gate not raised (standard Lower 
Granite condition). 

!f Shows a significant benefit (G = 14.85), df = 1, P 0.001) for raised operating gate but 
a slightly lower percent than Tests 4 and 6. 
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Table 3.--Results of fish guiding efficiency (FGE) and vertical distribution tests on steelhead 

at Lower Granite Dam in 1985. 

Test 
series No. Unit 4-C 1 Units 4-A & 4-B Trash Spill 

no. Dates reps • % TFGE:W % FGE % FGE boom (%) 

No raised Operating gate raised 

operating gate 20 feet 62 feet 

1 11-15 Apr.bf 5 80.9 72.3 67.2 in 0 

2 17, 19-21 Apr 4 85.3 72 .1 74.1 out 0 

Operating gate raised 

0 feet 62 feet 

3 22-25 Apr.cf 4 86.3 74.1 73.3 out 0 

4 29 Apr-2 Ma#-/ 4 90.7 80.4 84.5 in 0 

5 5 May 1 68.6 6 9.1 68.4 in 40 

6 15-17 ·May.di 3 89.2 (1 rep) 80.4 85.4 in 0 

7 31 M�y-2 Jun 3 88.8 (1 rep) 82.7 87.2 in 20 

al Based on results of vertical distribution studies. 

b/ The replicate of 16 April was not used in analysis due to partial trash boom configuration. 

cl 23 and 24 April - Barges moored in front of Unit 4 to simulate trash buildup. 

d/ Test condition identical in Series 4 and 6. 
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Initial tests, as in 19 84, produced exceptionally low FGE (31 to 40%) for 

the target species, yearling chinook salmon. Also, as in 19 84, FGE improved 

later in the season and acceptable FGEs (70% or better) were attained about 1 

May. In contrast, FGEs for steelhead, as in previous years, generally 

remained high all season. The lack of change in FGE for s teelhead vs 

increasing FGE over time for yearling chinook salmon in both 1984 and 1985 

(Fig. 6) suggests that biological factors (e.g., level of smoltification) 

rather than mechanical factors may be affecting FGE of yearling chinook 

salmon. 

No significant difference in FGE was measured between the 20-foot vs 

62-foot raised gate during a no spill condition with either the boom in (40.0 

vs 40. 1% FGE) or with the boom out (35.6 vs 36.6% FGE) (Table 2). However, a 

significant difference was found between the standard stored gate vs 62-foot 

raised gate (38.1 vs 42.2% FGE) with the trash boom removed and no spill 

during Test 3 (G2 
= 19.54, df = 1, P < 0.001) (Table 4). As the season 

progressed and FGE improved to 70% or greater, we measured an even greater 

benefit for the 62-foot raised gate as shown in Tests 4 and 6. The average 

FGE with the gate raised 62 feet was 7 1.5% vs 60% with the standard stored 

2 gate (G = 100.2 1, df = 1, P < 0.001). 

A balanced cross-over analysis of variance was applied to the comparisons 

at the 20- vs 62-foot and 0- vs 62-foot gate, and the results were: 

1. 20- vs 62-foot gates 

Null hypothesis: FGE the same using 20- vs 62-foot heights 

Alternative hypothesis: FGE better with 62 -foot height 

t = -0/7,  4 df, P > 0.50 

We have no evidence for different FGEs with the two heights tested. 



� 

19 

100 
CHINOOK 

90 

+a" 80 
C: 
(I) 
(.J 

70 (I) 

E: 
> 
(.J 60 C: 
(I) 

·u 
:.;::: 50 -

(I) 

(I) 
(.J 
C: 40 ro 

""C 

::J 
Cl 

.J:: 
VI 

u.. 20 

10 

0 
15 1 15 31 

100 
STEELHEAD 

1985 

80 
+a" 
C: 
(I) 70 (.J ... 
(I) 

E: 
> 
(.J 
C: 
(I) 

·u 50 -
(I) 

(I) 40 (.J 
C: 
ro 

""C 

::J 30 
Cl 

.J:: 
VI 

u.. 20 

10 

0 15 1 15 .31 

I• April •I• May • I 

Figure 6.--Comparisons of fish guiding efficiency over time for yearling 
chinook salmon and steelhead at Lower Granite Dam in 1984 and 1985. 



20 

Table 4.--Statistical analysis of Lower Granite Dam FGE tests for yearling chinook salmon, 1985. 

For the 11 to 25 April data: 

0 no significant difference between 20-foot vs 62-foot raised operating gate for the boom 
in or out. (Tests 1 and 2 ) 

IN: G2 "'0.025, df .. 1, p .. 0.86 N.S. 

OUT: G2 • 0.001, df .. 1, p • 0.97 N.S. 

0 significant difference between 0-foot vs 62-foot raised operating gate for the boom. 
OUT. (Test 3) 

G2 • 19.54, df • 1, P < 0.001 * 

For the 2 9 April and later data: 

0 highly significant difference between standard stored gate vs 62-foot raised gate 
for the boom in an no spill. (Tests 4 and 6) 

G2 • 100.2 1, df • 1, P < 0.001 * 

G2 • 52.38, df a· 1, P ( 0.001 

0 significant difference between standard stored gate and 62-foot raised gate for the 
boom in and 20% spill. (Test 7) 

G2 - 14.85, df = 1, P ( 0.001 * 

0 no difference between O vs 20% spill with the standard stored gate with the 
boom in. (Test 6 vs 7) 

G2 - 4.43, df = 1, 
1

Padj. 0.017 N.S. 

0 no difference between O vs 20% spill with the 62-foot raised gate with the 
boom in. (Test 6 vs 7) 

G2 "'9.30, df • 1, Padj. < 0.05 N.S. 

0 no difference between O and 40% spill with the standard stored gate and 
the boom in. (Test 4 vs 5) 

G2 - 0.16, df • 1, Pa 0.69 N.S. 

0 significant difference between O and 40% spill with the 62-foot raised gate and 
the boom in. (Test 4 vs 5) 

G2 - 31.82 , df • 1, Padj. < 0.01 
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2. 0- vs 62-foot gates 

Null hypothesis: FGE the same using 0- and 62 -foot heights 

Alternative hypothesis: FGE better with 6 2 -foot height 

t = 5.4, 5 df, P < 0.05 

Conclude that the 62 -foot gate gives better FGE. 

No futher comparisons were made since conclusions were the same as those 

derived from use of the G-test. 

Constraints were placed on our research schedule by the Fish Passage 

Center, fisheries agencies, and the Columbia River Inter-Tribal Fish 

Commission that prevented us from fully testing the influence of the trash 

boom with and without spill. However, one test at the 40% spill condition was 

accomplished and served to demonstrate the impact that heavy spill (with the 

trash boom in place) had on FGE for both chinook salmon and steelhead. For 

chinook salmon, FGE dropped significantly from 70.9 to 50.3% [Test 4, compared 

to Test 5 (G2 = 31.82, df = 1, Padj. < 0.01)] with the raised operating 

gate. There was no difference, though, with the standard stored gate 

setting. For steelhead, FGE dropped substantially from over 80% (Test 4) to 

about 69% (Test 5) for both the raised and standard gate setting. The lack of 

difference at the standard gate setting for chinook salmon cannot be 

explained. 

With 20% spill (Test 7 - 3 replicates), FGEs for chinook salmon were 

65.3% (62-foot raised operating gate) and 55.7% (standard gate setting), less 

than the 72 .1  and 60.1%, respectively, in Test 6 (no spill). The difference, 

however, was not significant. There was no difference in FGE for steelhead 

between no spill and 20% spill conditions. 
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There ap peared to be no inf luence on F GE  as a result of mooring the 

barges in front of Unit 4 d uring Test Series 3. Perhaps the barges did not 

cover a large enough surface area of the forebay. Also, personnel working on 

the fish barge during the daytime may have created enough distur bance to 

discourage fingerlings from concentrating under the barges. In ad dition, the 

draft of the barges is about 4 to 6 feet compared to trash floating on the 

forebay surface. 

In 1983 , the FS Ss in the test units were closed near the intake 

ceiling. These ef forts were not successful, as fish continued to enter the 

F SSs. An underwater inspe ction by NMFS scuba divers revealed there were gaps 

between the Wagner Horn screens and the FSS  walls that allowed fish to swim 

freely to and from the Wagner Horn conduits and the F S Ss .  In 1984, the FSSs 

were again closed. In ad dition, the Wagner Horns were also plugged. These 

closures failed also, as fish continued to enter the F S Ss. In 1985, the COE 

made special plugs and closures and had them installed by commercial divers. 

Again, these s pecial plugs and closures were not successful, as a substantial 

number of fish (primarily s teelhead) were found to have entered the F SSs. 

Vertical Distribution Tests 

The extensive vertical distribution · testing at Lower Granite Dam between 

1 1  A pril and 25 · June in 1985 pr ovided the firs t opportunity to observe the 

seasonal changes in vertical distribution ip the intake as compared to 

concurrent F GE  measures . Testing began earlier in the season than in any 

previous year. The chinook salmon were much deeper in the intake between 1 1  

and 1 5  April (Fig. · 7) than between 29 A pril and 2 June (Fig. 8). Figures 9 

and 10  show the positive correlation between TFGE and actual FGE as the season 

progr essed. When initial FGE was unac ceptably low (about 40%) , TF GE estimates 
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Figure 7 .--Vertical distribution curve for early season (1 1-15 April) tests for 
yearling chinook salmon at Lower Granite Dam, 1985 .  The capped 
lines represent upper and lower 95% confidence limits about the 
individual points on the curve . 
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2 June) testing for yearling chinook salmon at Lower Granite Dam, 
19 85. The capped lines represent upper and lower 95% confidence 
limits about the individual points on the curve. 
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were al so  low ( le s s  than 60% ) . Later in the season ( 29 April and lat er ) , when 

actual FGE reached 7 1 % ,  TFGE measured about 85% .  The range of  differences 

between actual FGE and TFGE for early and lat e  in the tes t ing seas on was 

relatively cons tant . 

Fish  Quali ty 

Fi sh condi tion remained acceptable throughout the season. Des caling was 

monito red for al l t es t  cond i t ions thr oughout the t es t ing s eason , and seasonal 

averages did not exceed 1 . 4 % for chinook salmon or 1 . 9 %  for s tee lhead . in any 

tes t cond i t ion ( Tab le 5 ) .  

CONCLUSI ONS 

1 .  As in 1 9 84 , FGE of year l ing chinook s almon increased from about 3 5  to 

4 0% early in the season to about 7 0% by 1 May. FGE for s teelhead remained 

high throughout the season. Thi s would suggest that biological factors ( e . g . , 

level of smolt if ication)  rather than mechanical factors may be af fe ct ing 

FGE . The 1 4% di ff erence between TFGE and actual FGE ( as at other dams-­

Bonnevil le , The Dal les , etc . ) probab ly cont inued to be def le ct ion of f ish  

under t he STS . 

2 .  No s ignif icant di fference in FGE was found between the 20- v s  62-foot 

rai sed operating gate wi th the trash boom ins t alled or removed . 

3 .  The 62-foot raised ope rat ing gat e  condi t ion provided s igni f icant ly 

higher FGE than the s tandard s tored operat ing gate condition. 

4 .  There was a de cli ne in FGE with 2 0  and 40% s pi l l  wi th the tras h boom 

in place.  

5 .  There was a go od correlation be tween TFGE and FGE ; i . e . , the higher 

the TFGE , the higher the FGE .  
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Table 5.--Des caling for yearling chinook salmon and s teelhead sampled in FGE 
and vertical dis tribution testing at Lower Granite Darn, 1985. 

Fish guiding efficiency tes ts  Vertical Distribution 
with balanced flow with s tandard vertical 

Operating gate vertical barrier screen barrier screen in 
level (feet) Unit 4A Unit 4B Unit 4C 

Chinook salmon (% des caled) 

0 1.1 0.6 1.4 
20 0.8 0 .1 
62 1.2 0.9 

Grand average T:T 0.6 

S teel head (% descaled) 

0 1.0 1.5 1.5 
20 0.8 1.3 
62 1.5 1.9 

Grand average 1.3 TI 
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API'ENDIX A 

Sam,ple Siz.es Needed fer Compar�t:tve Tris.ls 
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In thes e expe riment s we are ma inly conce rned wi th compa ring dif ferent 

trea tment groups to de term ine the bes t  cond i tion . In some ca ses a compar i son 

i s  ma de aga ins t a s tanda rd value or an es tima te of an ave rage value is  

des i red . In the de s ign of the se s tud ie s ,  i t  is  nece s sary to de termine the 

s ample s i zes req ui red to as sure ac cep tab le res ul t s .  

Typ i ca lly , the inf orma tion needed to de term ine samp le s i zes and number o f  

rep li ca tes req uired i s  the expe rimental error vari ance , s 2 ; the s ize of  the 

e ffect to be de te c ted , o ; the number of means be ing compared , k ;  and a. the 

and S level s  ( the probabili ty of a Type I error , a. , and the probab i l i ty o f  a 

Type II  error ,  S ) de s ired from the s ta ti s tical te s t . I t  is u sual to 

s pecify a. , S and o to sa tis fy resear ch obj e c t ive s . For the s tudies 

cons idered here we use a. = 0 . 05 ,  S = 0 . 20 and o = 0 . 10 .  We es tima te a value for 

the s tandard e rror , s ,  ba sed on compi la tion of da ta from pas t f i s h  guidance 

e f f i c iency ( FGE) s tudie s .  From the se da ta we ob ta ined a value o f  0 . 03 1 4  for 

ch inook sa lmon and a value of  O .  0 27 2 for s teelhead . Limi ted da ta from o ther 

s pec ies show s l ightly lower s tandard errors . We have used the value ob ta ined 

from chinook salmon in our sample s i ze comput a t ions . 

The da ta are collec ted in the form of f i sh coun ts and wi ll of ten be used 

di r�c tly in �<:>nt:,ingency tab le analys is . For this 

formulas w i ll be used which apply to ca tegor ical da ta . 

analys is , sample s i ze 

Iri some te s ts ,  the FGE 

i s  expres sed as a pe rcentage and an average value is also es tima ted . S tandard 

randomized block procedures app ly to the se s i tua tions . 

In thes e s tud ies we ar e dealing w i th research on f i s h  in the ir na tura l 

environmen t .  I t  is  no t an tic ipa ted that our exper imen ts will con tain the 

uni formi ty of labora to ry s tud ies . When cond i tions provide the oppor tuni ty ,  we 

p lan a ddi tional repea ted mea surements as a s surance aga ins t  the lack o f  
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uniform! ty in f iel d cond i tions . These m,ay no t be s tip ula ted by a formal 

experimen tal design .  They have several uses in subsequent da ta analys i s . 

Rep l ica ted meas urement s should s teadily decrease the error as socia ted wi th the 

compar i sons among trea tment groups , and they can also be used to make an 

a s ses sment of meas urement accuracy , e . g . , the c losenes s among comparab le 

measuremen ts ( Tsao and Wright 1 9 83 ) .  This a s se s sment is especially useful to 

identify pr ob lem a reas in the da ta colle c t ion sys tem which may require special 

inves t iga tion . For a more luc id and comprehen s ive discussion see Cochran and 

Cox ( 19 5 7 )  and Mo s tel le r and Tukey ( 1 9 7 7 ) . 

In these expe riments ,  we compare expe rimental uni ts by means of  a tes t o f  

sign i f i cance . We will be a t temp ting to e s tabli sh that one procedure is  

superior or  dif fe rent than ano the r by at  leas t some s tated amount . 

Consequen tly , the.. expe rimen ts must be large enough to reasonably ensure tha t i f  

the true dif ference is  equa l  to o r  grea ter than the s pecif  led amoun t ,  we have a 

high probabil i ty  of de tec ting i t ,  or ob taining a s ta tis tically s igni f i can t 

res ul t .  The procedures use d a s  fo l lows provide an approxima tion tha t is  

adequa te for des i gn purpo ses . The no ta tion for the formulas is  given below . 

1 .  Two group comparison case : This ca se is concerned wi th de termining 

whe ther one condi tion is be tter than ano ther condi tion (a one-way comparison ) , 

or wi th de termining whe ther two cond i tions dif fer ( a  two-way compari son ) . The . 

formula used i s : 

NT = ( ZA + ZB) 2 / 2 (arcs in IP - arcs in iP2 ) 2 • 

This f ormula is  g iven by Paul son and Wallis  ( 1 9 47 ) , i t  is also u sed by 

Cochran and Cox ( 1 9 5 7 ) , sample s ize graphs ca lcula ted by Fe igl ( 19 78 )  and 

Leme show et a l . ( 1 98 1 ) showed tha t i t  provided the clo se s t  approxima tion to an 

exac t me thod when the underlying proport ions are smal l .  Th is formula may be 
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expressed in dif ferent forms, depending on the def ini tion of ZA and ZB . We 

follow the form used by Feigl . The formula applies to categor ical data . 

2 . More than two groups or multinomial case : The procedures used for 

obtaining confidence intervals and sample sizes follow me thods g iven by Angers 

( 1984), Ba iley (1980) , Goodman ( 1965) , and Miller  (1966) . The formula used is: 

NM = [ (B) ( Pi (1-Pi ) ] / n2 • 

3 .  For determining the number of replica tes, the procedures follow those 

given in Steel and Torrie ( 1960), Cochran and Cox ( 1957 ),  and Diamond ( 1981) . 

The formula used is: 

R � 2 (Tl + T 
2

) 2 ( S 2 ) / D2 • 

This formula is an approximation which depends on how well s2 

estimates the experimental error . Successive approximations must be used, since 

the number of degrees of freedom associa ted with T1 and T2 depends upon R .  

The following notation is used in the samples size formulas : 

NT - sample size in the two group comparison . 

ZA - standardized normal deviate exceeded with probabili ty A. Where 

A is 1 - a / 2 for the two-sided case and A is 1 - a for the 

one-sided case .  

ZB - standa rdi zed normal deviate exceeded with probabili ty B .  Where 

B is 1 - f3 ,  for the one-sided case . This corresponds to the 

probabili ty of obtaining a signif icant result. Note that ZJ3 -

-ZB '  where B ' equals f3 .  Hence, (ZA + ZB) could be written as 

(ZA - ZB ' )  without altering the value of NT . 

Pl - proportion in the control group . 

P2 - proportion in the tes t group . 

NM - smallest sample size such that the statistical precision levels 

for the multinomial parame ters, Pi are simultaneously satisf ied.  
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B - tabular value for the upper percentile of the chi-squared 

distri bu tion a t  the 1- a / k  sta tistical precision level wi th one 

degree of freedom . Where k is the number of proportions being 

compared . 

Pi - expected proport ion in each multinomial ca tegory , i = 1 ,  2 ,  

• • •  ' k .  

D - level of difference i t  is desirable 1;.o be able to de tec t ,  this 

can be d ifferent for each treatment (or multinomial) ca tegory . 

R - the number of replica tes per trea tment . 

T1 - t-distribution value associated wi th type I error , a .  

T2 - t-dis tribution value associated with type II error ; T2 is the 

tabula ted t for probabili ty 2 ( 1-Q) where Q is the power of the 

tes t ,  1- B • 

s2 - es timated experimental error , this is usually obtained from 

previous experiments. 

The degrees of freedom for T1 and T2 are the product (L- 1 )  ( R- 1 ) , where L 

is the number of treatment groups , and R the number of repli cates. Successive 

approximations are involved in the calculations for parts (2)  and (3) since the 

number of degrees of freedom assoicated wi th tabula ted probabili ty d istr ibution 

values depe nds on sample size . 
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APPENDIX B 

Ca tch Da ta for Fi sh Guiding Efficiency and Vertical 
Di s tribut ion Tes ts a t Lower Grani te Dam , 1 9 84 
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4-A FG: 4-B FG:: 

�IN::l ll-llND< SAUOl STEEI.H:K.l YfM...11'-G OilND< S4JJ.{N STEEl..ltN.> 

Test Trash % G:rte C33tar.91 I LhgJ I ded C33tar.91 I l.hgJ i ded G:rte Gmlwel l l.hg.llded C33tar.91 I l.hg.llded 
l'b. [ate BxJn �i i  I R:sitlai N..rrta- (Est. ) Total % N..rrta- (Est. ) Total % R:sitiai rtrrm- (Est. ) Total % rtrrm- (Est. ) Total % 

4/1 1 i n  0 20 ft Z/5 j59 814 33 67 29 96 70 62 ft m2 � 768 34 58 17  75 77 
4/12 in  0 62 ft !E3 sis 1428 41 !{) 3) 8J 63 :a) ft 6a) 1076 1696 37 45 21 c6 68 
4/13 i n  0 20 ft 1038 1939 '?JJ57 34 85 37 122 70 62 ft 9W 1 53'2  2522 37 58 38 9:> 60 
4/14 i n  0 62 ft 448 774 1222 37 5'2 13 65 8J :a) ft 517 710 1227 42 40 1 1  51 78 
$11 5 i n  0 20 ft 1 192 1 1 14  2306 52 55 14 69 8'.) 62 ft 1062 1216 2278 47 36 26 62 
4/1� spa, 1 0 62 ft 370 671 1041 .36 9:> 34 13) 74 62 ft 382 561 �3 4 1  <J1 26 123 79 

ran::Mld 
2 4/1 7  wt 0 a> ft 100 235 3i 1  31 88 .33 121 73 62 ft 89 ZZ1 316 28 55 31 ffi M 

4/18 N) test 
4/1 9  wt 0 62 ft 3f5l 7.34 1 121 35 .16 83 329 75 :a) ft 4 14 7}Jj 1 140 36 212 73 285 74 w 
4/Al wt 0 20 ft 314 670 � 32 :a)6 ai 250 71  62 ft � 675 939 32 2ffi 62 348 82 \,C) 

4/21 wt u 62 ft 536 678 1214 44 100 M 16'i 61 :a) ft 518 715 1233 42 101 40 141  72 
3 4/22 wt 0 62 ft 933 1326 � 4 1  1 99  74 Z/3 73 0 ft 838 1�5 2383 35 169 78 3l8 68 

4rzJ! wt 0 0 ft � 340 !DO Yi} 315 97 412 76 62 ft 281 Z/3 � 51 :a)Q 79 m 

4i/J!,?! wt 0 62 ft 7� 1 1 1 5  1869 40 172 89 261 66 O tt 719 1073 1792 40 23) 69 319 78 
4/25 wt 0 0 tt 334 472 8J6 4 1  143 62 a>5 70 62 ft 432 575 1007 43 177 3) 3)7 ffi 

4 4/29 in 0 62 ft 449 HB 638 70 219 .36 255 ffi O tt 28'.) 168 448 63 1 81 � 235 77 
4r.D i n  0 O tt  853 ID:! 1441 58 219 75 29:l .  74 62 tt 10:0 370 1400 74 217 62 m 78 
5/01 i n  0 62 ft Bi9 432 1281 66 �5 121 fl66 82 O tt  fl(() � 1 1� � � 131 671 8'.) 

5/02 in 0 0 ft 3i6 179 525 ffi 1037 2Z2 1� 82 62 tt 492 168 ff:O 75 1 125 166 1293 51 

5 5/05 i n  40 62 ft � 83 179 !i) :am 1 1 1 9  3536 68 0 ft 100 71 171  .56 28i5 lZ/1 4 1 16 69 
6 $115 in 0 62 ft 321 13i 455 71 1374 .11  161 5 85 0 ft 174 126 3).) .56 934 .10 1 174 8J 

$116 In 0 O tt  357 2)8 565 63 1 126 350 1386 88 62 ft 412 165 517 71 1006 218 1� 83 
$117 i n  0 6l ft :D5 179 $ 74 1091 146 1237 88 O ft .365 m2 6Zl .56 852 a>5 1037 8'.) 

7 $131 I n  a> 62 tt  143 76 219 65 � 139 10H 87 O ft  1 16 1 13 229 51 7M 161 925 83 
wo1 in a> O tt 1� 149 3i3 51 1 1 10 230 1340 83 62 ft  197 122 319 62 � 165 1 153 ffi 
&'02 In  2) 62 tt 171 73 314 70 gj3 1 10 1043 89 O tt 101 65 lffi 61 � 128 732 83 

a/ Th is repl ic:ate oot used i n  analysis cue fu pcrtial trash lxrm a:nf lgratiai. 
b/ B:rges m:xrect I n  frart of lhit 4. 
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Append i x  Tab l e  82.--<.:atches of year I I ng ch l nook sa l ncn  dur i ng vert i ca l  d i str i but i on  tests i n  l:!u l khead S l ot  4-C at Lower Gran i te Dam, 1 985. 

Test 1 Test 2 Test 3 Test 4 Test 5 Test 6 Test 7 

Apr i l May June 

Cl.M CLM ClM 

Leve � 1 1  1 2  13 14 1 5  .,, 1 7  1 9  20 2 1  % 22 zs!! 'll13! 25 % 29 30 1 2 % 5 % 1 5  .,, 2 .,, 

Gatewe l I 46 4 1 2 148 1 1 0 2 1 2  9 27 147 1 02 1 29 8 315 94 370 1 75 1 2 76 3 1 2  1 65 1 69 14 1 5  7 51 1 3  46 1 5  

1 7 1 555 582 396 666 3 1  93 3 1 5  282 .34 5  29 783 1 7 1  729 3 1 2  36 1 74 822 513 51 9 53 102 55 1 29 42 120 54 

2 1 80  5 1 3  594 252 6 1 5 51  60 26 1 2 1 9  285 46 690 138 5 13  234 55 105 504 408 3 1 8  79 48 7S 120 69 66 75 

3 1 56  432 459 216 396 67 63 243 2 1 6  1 92 61  ':JJ1 93 399 2 1 9  70 72 2 13  264 120 92 21  87 66 84 45 89 

4 1 29 291 435 180 240 79 5 1  2 1 9  222 258 76 462 69 29 1 1 59 82 4 5  84 1 14 4 2  97 1 5  94 54 96 1 8  95 

5 144 2 1 9  336 1 62 20 1  S9 14 1 2 1 0  2 16  17 1  9 1  399 81 168 1 26 92 2 1  36 36 9 99 6 97 12  98 12  . 99 0 

6 72 1 08 306 99 1 59 96 54 87 1 08 63 97 1 89  1 8  8 1  228 98 1 2  1 5  9 6 6 1 00  0 0 3 1 00 

7 18 72 126 51  81 100 1 8  4 2  42 18  100 93 0 36 1 5  100 3 0 3 0 100 0 9 100 0 

Tota l s  91 6 2602 2986 1466 2570 ':JJ7 1 524 1407 146 1 3498 664 2587 1468 ':JJ8 1 986 1 51 2  1 1 83 2 13  447 310 

� Leve l s  one through seven refer to the l eve l  of the water co l umn f i shed by the tyke nets used to determ i ne the verti ca l  d l str l butlon--1...evel Qie bei ng the top net and 
Leve l seven the battom net and the gatewe l I catch are actua l numbers whereas leve l s  one through seven ref l ect  numbers wh i ch  have been expanded by a factor of three to 
prov I de an est I mate. 

b/ 23 and 24 Apr l I - Barges moored i n  front of U, it 4 to s i mu l ate trash bu l  l dup. 
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Append i x  Tab l e  83. --catches of stee l head dur i ng vert i ca l  d i str i but i on  tests I n  Bu l khead S lot 4� at Lower Gran l t"e Dam, 1 985. 

Test 1 Test 2 Test 3 Test 4 Test 5 Test 6 Test 7 

Aprl I May June 

Cl.M CLM CLM Cl.M 
Leve � 1 1  1 2  1 3  14 1 5  j 1 7  1 9  20 2 1  % 22 is:! 2t!!! 25 % 29 30 2 j 5 % 1 5  j 2 % 

G:ltewe l I 27 42 26 28 28 28 22 68 32 1 6 1  36 1 1 7 1 03 2 1 9  1 28 3 1  34 1 08 305 762 32 1 272 1 7  6 1 7  30 1 06 14  

27 42 24 27 39 58 24 1 1 7 1 98 60 66 144 147 1 92 1 23 64 1 1 7  14 1 300 903 7 1  2 139 45 735 65 351 60 

2 1 2  1 5  24 9 2 1  73 1 5  78 75 39 81 84 81 1 02 66 82 69 93 1 29 279 86 1 3 1 1 62 4 14 85 1 7 1  82 

3 1 5  1 5  33 9 12  89 9 36 42 1 5  89 54 33 54 9 90 48 48 51 135 94 1 023 75 1 92 94 93 95 

4 9 6 3 0 9 94 27 1 5  24 24 96 27 2 1  39 2 1  96 30 24 42 39 98 720 85 93 98 33 

5 0 6 0 0 6 96 1 5  9 9 3 99 1 5  3 1 8  0 98 9 6 1 8  1 5  99 699 94 24 99 6 100 

6 0 0 3 3 6 98 3 3 0 1 2  1 00 9 1 5  3 3 3 3 6 9 381 99 1 2  1 00  0 

7 0 3 6 0 3 1 00 0 0 0 0 0 0 3 0 100 0 0 3 0 100 81 100 0 0 

Tota l s  90 1 29 1 1 9 76 1 24  1 1 5  326 669 2 14 4 50  403 630 350 3 1 0  423 854 2 142 7626 2087 760 

a/ Leve l s  one through seven refer to the l eve l  of the water oo l umn f i shed by the tyke nEJts used to dEJterm i ne the verti ca l  d i str i but i on-Leve l O,e bei ng the top net and 
Leve l seven the bottom nEJt and the gatewe l I catch are actua l numbers whereas l eve l s  one through seven ref lect numbers wh i ch  have been expanded by a factor of three to 
prov i de an est I mate. 

b/ 23 and 24 Apr I I - Barges moored i n  front of lil it 4 to s i mu l ate trash bu i l dup. 






