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INTRODUCT ION 


The National Marine Fisheries Serv ice (NMFS) under contract to the u.s. 

Army Corps of Engineers (CofE) began studies in 1983 to evaluate the 

fingerling collection and bypass system at the Bonneville Dam Second 
I 

Powerhouse. These studies have concentrated primarily on improving the fish 

guiding efficiency (FGE) of the submersible traveling screens (STS). Studies 

in 1983, showed very lowFGES of less than 30% for the STS (Krcma et ale 1984). 

Vertical distribution tests conducted during the same period ind icated two 

problem areas: (1) a large percentage of the juvenile salmonids were passing 

through the turbine intake below the STS and (2) avoidance and/or deflection 

was also occurring because FGE was approximately half of the theoretical 

potential FGE (based on vertical distribution tests). An extensive model 

study was then initiated to determine potential methods of increasing FGE. 

Stud ies during the 1984 field season implemented several of the 

recommended modifications/additions to the STS am trashracks (Gessel et ale 

1985). FGE, however, remained at an unacceptable level, plus fish condition 

d eteriora ted as ind icated by increased descaling and mortality. Vertical 

distribution tests reinforced the indication of an avoidance/deflection 

problem since potential FGEs greater than 70% were indicated, but FGEs of only 

30-50% were attained. Several possible reasons were suspected for the 

av oid ance/d eflection problem: (1) a flow restriction causing a "zone of 

resistance" that fish detect and avoid, (2) increasing velocity below the STS 

that attracts smolts, (3) a flow deflection that diverts a percentage of the 

intercepted fish below the STS, and (4) a combination of all three. 
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During the 1985 smolt migration, NMFS evaluated various methods 

intended to imprcwe the fingerling collection and bypass system efficiency at 

the Bonnev ille Dam Second Powerhouse. Studies were also comucted to evaluate 

the fingerling bypass and sampling facilities at the First Powerhouse. 

Research for 1985 had the following primary objectives: 

1. ENaluate modifications to improve FGE at the Second Powerhouse. 

2. Continue monitoring the Second Powerhouse downstream migrant system 

(DSM) sampling facilities. 

3. Evaluate the First Powerhouse juvenile bypass and sampling system. 

4. Determine fish quality and stress through the First Powerhouse 

juvenile bypass and imexing system. 

5. Continue orifice passage efficiency (OPE) studies at the First 

Powerhouse. 

6. Determine diel passage of juvenile migrants at the First Powerhouse. 

7. Continue temporal smolt passage studies at Bonneville Dam. 

This report prov id es pertinent find ings of the research cond uc ted in 

1985. 

OBJECTIVE I -- E.V ALUATION OF MODIFICATIONS TO IMPR(NE 

FGE AT THE SECOND POWERHOUSE 


Task 1 - STS FGE Tests 


Methods and Procedures 

FGE tests were conducted using the same procedures developed in previous 

years. A net frame attached to the traveling screen supported nets to collect 

unguided fish (Fig. 1). A standard replicate began by closing the orifice, 

lowering the STS and net frame into the intake, setting the STS at the 
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required operating angle, dipnetting the gatewell to remove all residual fish, 

and starting the turbine. The gatewell was then dipnetted periodically until 

sufficient numbers of fish had entered the unit. Each test was ended by 

lowering the dipnet and leaving it open, shutting the unit off, closing the 

d ipnet and making a final clean-out dip, raising the STS and net frame, and 

emptying the catch from each net into marked containers. Species 

identification and number were determined for all fish. Testing occurred from 

2000 to 2400 h each test day. During the spring, FGE tests with yearling fish 

were conducted with a unit load of 18,000 cfs. During the summer tests with 

subyearlings, high forebay levels combined with low tailwater elevations 

reduced the unit discharge to .15,000 -16,000 cfs. 

Fish quality was monitored by examining fish captured in the gatewell for 

descaling. Descaling was determined by dividing the fish into five equal 

areas per side; if any two areas on a side were 50% or more descaled, the fish 

was classified as d escaled. Target species for the FGE tests were yearling 

and subyearling chinook salmon; information on other species was collected as 

available. 

The FGE is the percentage of fish (by species) entering the turbine intake 

that are guided by the STS out of the intake and into the gatewell for a 

specific test condition. This is represented by the following formula: 

GW 
FGE = x 100 

GW + GN + F N + eN 

GW = gatewell catch 
GN = gap net catch 
FN = fyke net catchl! 
eN closure net catch 

JlFyke net catches at levels with only a center net are expanded (x3). 
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A minimum of three to five replicates of a specific test condition are 

usually required for statistical analysis. This replication was not always 

attained, nor necessary, because of the variety of possible test conditions, 

continued low FGE, and the relatively short time available for testing. 

Therefore, much of the effort was spent searching for solutions, often with 

very little replication. The data for these unreplicated tests are presented 

as possible trend indicators, not for statistical analysis. Each condition 

compared requires about 500 fish per replicate to be able to identify a 

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

with a power of tests of 1- "beta" = 0.80. In the repeated trials, the 

number of replicates is determined using the formulas in Appendix A as based 

on an FGE standard error of 0.0314. 

Each test would be run until adequate numbers of guided fish for 

statistical analysis were collected in the gatewell. This would vary 

depending on FGE. If FGE was anticipated to be about 30%, then testingwould 

stop after about 150 fish (of the target species) were guided into the 

gatewell. For 40% FGE, testing would stop when 200 fish were guided into the 

gatewell. For most tests in 1985, the target number was 200 guided fish. 

One of the major problems observed in 1984 was a serious deflection under 

or avoidance of the STS. To determine if a flow restriction in the throat 

area was a cause of the avoidance/deflectio_n, an STS was modified so it could 

be lowered an add itional 2 to 4 feet into the turbine intake (Fig. 2). This 

enabled us to increase the throat opening and subsequently increase flow 

through this area. A false gap device was fabricated and available for 

testing if we needed to try and minimize escapement of fish through the 

enlarged gap that resulted when the STS was lowered. In addition, to reduce 

turbulence immediately downstream from the trashrack, three specially designed 

streamlined trashracks (Fig. 2) were positioned in the upper half of Intake 
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12B. To aid in defining the general areas of the avoidance/deflection, 

hyd roacoustic gear monitored the movement of fish as they passed through the 

trashracks and approached the STS and throat area. Monitoring was also done 

immediately upstream from the trashracks as the fish approached the intakes. 

Tests were also conducted during the 1985 field season using an internal 

trashrack deflector as an extension of the STS to try an:i prevent deflection. 

This deflector had a porosity of 50% as opposed to the 33% porosity of the 

deflectors used in FY84. 

Most tests were con:iucted in Unit 12B where the streamlined trashracks 

were installed. FGE tests consisted of two phases. During the first phase (3 

May to 6 June), the target species was yearling chinook salmon. The primary 

test emphasis was measuring benefits to FGE, if any, of a lowered STS, 

streamlined trashrack, an:i an internal trashrack deflector. The second phase 

(16 July to 1 August) used subyearling chinook salmon as the target species. 

This phase compared FGEs of a stan:i ard versus a lowered STS am streamlined 

versus normal trashracks. Tests were also coooucted with a raised operating 

gate am with the false gap device used in conjunction with a lowered STS. 

Initial research plans also included testing a bar screen guiding device 

(50% porosity) in lieu of the STS (33% porosity) and an external trashrack 

deflector. Neither of these items were tested in 1985; the first, because 

of an insufficient number of test days and the second, because it was not 

constructed. 

Results 

Table 1 lists the various comitions tested during each phase along with 

the correspom iog FGE am descaling percentages. Figures 3 (yearlings) and 4 

(subyearlings) show percentage FGE, gap loss, closure net catch, am fyke net 
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Tabla '--Traveling sa-een fish guiding efficiency (FtiE) tests on yecrllng and subyQYllng chinook salmon and coho salmon at Iblneville u'm Socond PowErhOuse du-Ing the 

FY H5 field season. 

Test 

ID. G!ltewell 

LOte(s) 

ot 
testes) 

STS 
Nlyle 

(lklg"ee) 
STS 

position 

Stream lliit 
dis

lined cbarge
trashrack (cfs) 

Oat I acta

and 

length 

false 

gap 
device 

~atlng 

gap 
position 

Yca- ling pErcentages 

FGE Dasca led 

Subyea-Ilng pe-ceotages 

FGE Oesca Iad 

1 12H ~y }-7 05 std. Yes lH,OOO I'b I'b 1'b"m:l1 3j.4 6.3 
2 1~ May ~10, Id 65 -27" Yes Its, 000 I-b f'b 1'b"m:l1 41.1 0.5 
j 13:J ~y 11-13 65 -39" Yes 18,000 f'b f'b 1'b"m:l1 39.3 7.9 
4 1~ May 14-17 oS -48" Yes 18,000 f'b I'b 1'b",IIiSI 28.6 9.3 
5 13:J M3y 22-24 54 -27" Yes 18,000 f'b I'b 1'b"m:l1 42.4 ij.O 
6 1:d:i M3y 25-26 54 -33" Yes lti,OOO I'b I'b 1'b"m:l1 41.9 10.0 
7 13:J M3y 2~29 65 -27" Yes Its, 000 Yes, Sha-t I'b itrmal 34.3 9.0 
8 12H May 30 65 -33" Yes Its, QUO Yes, Shcrt f'b 1'b"m:l1 32.4 10.2 
9 13:J ~y 31 65 -39" Yes lij,ooo Yes, Sha-t f'b 1'b"m:l1 26.6 12.3 

co 10 12H Jun 1-3 65 -48" Yes 18,000 Yes, Shcrt No 1'b"m:l1 34.9 12.0 
1~ I~ Jun 4-6 05 -48" Yes lH,OOO Yes, Long No 1'b"m:l1 42.5 0.9 

12 12A Jul 16-19 65 std~ I-b 10,OOU I'b f'b 1'b"m:l1 9.9 4.6 

. , 13 
14 

1~ 

12A 
Jul 

Jul 

16-19 
20-2.3. 

05 
65 

-27" 
-27" 

Yes 
I-b 

16,000 
10,000 

I'b 

f'b 

No 
No 

1'b"m:l1 

1'b"m:l1 

23.7 
15.5 

4.1 

4.9 

15 1~ Jul 20-23 65 std. Yes 10,000 f'b f'b /t::rllllli 13.6 2.3 
16 13:J Jul 27-29 65 -27" Yes 16,000 f'b Ih ~ 26.5' 17.8 3.6 
17 1:.:ti Jul 30 65 -48" Yes 10,000 f'b Yes Up 26.5' 18.0 4.5 
18 1~ Jul 31 65 -48" Yes 16,000 I'b I'b tb-1IIlI1 12.ij 1.8 
19 I~ Aug 1 54 -48" Yes 16,000 I'b f'b Up 26.5' 21.7 0.9 

8/ The lTedanlnant species fa- this test was coho sa I non. 
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Figure 3.--Results of STS tests for yearling chinook and coho salmon showing FGE and 
per~entage fish captured at various net levels, Bonneville Dam Second 
Powerhouse, 1985. Test numbers :correspond to tests as listed in Table 1 
(refer to this table for complete test details). 
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Figure 4.--Results of STS tests for subyearling chinook salmon showing FGE and 
percentage fish captured at the various net levels, Bonneville Dam 
Second Powerhouse, 1985. Test numbers correspond to tests as listed 
in Table 1 (refer to this table for complete test details). 
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catches at the various net levels for each test condition (a numerical listing 

of the target species for each individual test is shown in Appendix Table 

Bl). 

A primary goal of the 1985 FGE tests was to determine the general area 

where avoidance/deflection was occurring. Several observations from the 1985 

tests indicate this probably occurs because of: (1) the restriction in the 

throat area of the STS and (2) turbulence and/or strong lateral flow upstream 

from the trashrack, which tends to push fish deeper in the intake below the 

area where they could be intercepted by an STS. 

Total fish intercepted (TFI) (FGE plus percent gap net catch) data in 

Tests 1 through 6 (Table 2) indicate restriction in the throat area was part 

of the cause for low FGE at the Second Powerhouse. As shown in Table 2, there 

was significant increase in TFI when comparing lowered STS (Tests 2 through 6) 

to standard STS (Test 1) (see Figure 3 for FGE and percent gap net catch). 

This indicates that the increase in TFI resulted from either the increased 

throat opening or greater percentage of fish being intercepted by the lowered 

STS. The lack of a difference in TFI between the 27- or 48-inch lowered STS, 

though, would seem to rule against the latter. 

Data from Tests 7 through 10 (Fig. 3) provide a strong indication that 

another major problem with FGE at the Second Powerhouse is that conditions 

upstream from the trashrack are causing many fish to be deeper in the intake 

and below the effective interception point of the STS. In this series of 

tests, an internal trashrack deflector was attached to the trashrack and 

positioned to overlap the leading edge of the STS. This addition should have 

intercepted and effectively guided the fish that were potentially guidable but 

were being diverted under the STS by flow deflection or were actually sounding 

to avoid the STS. The TFls, however, with the STS lowered 27, 33, and 39 

inches were only, 34, 33, and 32%, respectively (about the same as measured 
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Table 2.--G-statistic comparison of the total fish intercepted (TFI) and 
unguided yearling chinook salmon for a standard vs lowered STS, 
Bonneville Dam Second Powerhouse, 1985. 

Item Test l al Test 2 Test 3 Test 4 Test 5 Test 6 

STS position Std. -27" -39" -48" -27" -33" 

Intercepted 
fish 821 730 539 1,150 316 381 

Unguided 
fish 1,611 1,032 753 1,718 423 476 

TFI (%) 33 41 41 41 42 45 

G-test 
values 25.724* 22.886* 22.707* 19.645* 30.793* 

~I Test numbers correspond to those in Table 1. 

* = P < 0.01. 
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with a standard STS in Test 1). In Test 10 (48-inch lowered STS), though, the 

TFI increased to 44%. This information suggests the following: (1) the added 

water flow, towards the throat area, that is produced by the deflector 

recreated the original restriction problem until the STS was lowered 48 

inches and (2) the lack of a significant increase in TFI with a deflector (41 

vs 44%) indicates there was not a large difference in the numbers of fish 

available for guidance by the STS between the two test conditions. Instead, 

what appears to be happening is that factors upstream from the trashrack 

(possibly turbulence and/or strong lateral flows across the powerhouse) are 

causing potentially guidable smolts to enter the intakes below the effective 

interception point of the guiding device. Data from hydroacoustic studies 

seems to substantiate this conclusio~ ~I 

Figure 5 is a bar graph showing FGE and gap net percentages and also 

gives an estimate of the potential FGE (based on vertical distribution 

tests) for each condition tested in Phase 1.~/Dividing actual FGE by potential 

FGE gives an indication of the effectiveness of the various test conditions. 

This comparison indicates that, although several of the tests showed greater 

than 50% effectiveness, Tests 2, 5, and 6 (57, 56, and 56%, respectively) 

appeared to be the most effective• 

.1! Nagy, Bill am R.A. Magne; unpublished CofE Report. Hyd roacoustic Study at 
the Bonneville Dam Second Powerhouse in 1985, August 1985. 

~/ Duri ng prev ious FGE stud ies (Krcma et ale 1984; Gessel et ale 1985) the 
theoretical interception point of a standard elevation STS was estimated to be 
at the bottom of the second net on the vertical distribution net frame. 
Additional field am model studies indicate that this point is probably nearer 
the mid-line of the third net row. This revised estimate is used to determine 
potential FGE percentages for this report. 
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Figure 5.--Graph showing FGE and gap net percentages with an estimate of the 
potential FGE for tests conducted with yearling chinook salmon (except 
for Test II-predominantly coho salmon) at Bonneville Dam Second 
Powerhouse, 1985. Test numbers correspond to those in Table 1. 
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Replicated test conditions were conducted during Phase 2 to determine the 

effectiveness of the streamlined trashracks and to determine the effect of 

raising the operating gate. Test 12, 13, 14, and 15 (Table 1, Fig. 4) compare 

the streamlined trashracks in Unit 12B to standard trashracks in Unit 12A. 

Because there was a limited number of test days available, we also included in 

these tests a comparison of a 27-inch lowered STS with and without the 

streamlined trashrack. In evaluating these tests, it was necessary to make 

the assumption that there was a minimal difference in fish passage between the 

two gatewells (results from the vertical distribution tests suggest this is a 

valid assumption). These tests indicated that whereas both the 27-inch 

lowered STS and the streamlined trashrack improved FGE, the combination of 

both (Test 13) gave the highest FGE (23.7%) for subyearling chinook salmon. 

Appendix Table B2 gives a description and analysis of these data. 

Tests to determine the effect of raising the operating gate in 

conjunction with a lowered STS and streamlined trashracks (Test 16) did not 

indicate an improved FGE. The average FGE for the three replicates was only 

18% (range: 13 to 25%). 

None of the remaining conditions in Phase 2 were replica ted, but a 

comparison of Tests 17 and 18 indicated the false gap device may effectively 

reduce gap loss by diverting these fish into the gatewell (Test 17 with false 

gap, FGE = 18% and gap net = 3%; Test 18 without false gap, FGE = 13% and gap 

net = 8%). 

The much lower FGEs in all tests for subyearlings as compared to FGEs for 

yearling fish were not due to the lower unit discharge during Phase 2 testing 

(Table 1). With a lower uni t discharge, approach velocities would be less, 

resulting in less deflection under the STS and, if anything, higher FGEs. 

Instead the low FGE was probably the result of deeper running fish because of 

near record high water temperatures in the river in July. The FGEs for 
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subyearlings were also much lower than expected at other projects on the lower 

Columbia River during the 1985 field season. 

Task 2 - Vertical Distribution Tests 

Methods and Procedures 

Vertical distribution data were obtained by using a single column of fyke 

nets attached to a frame installed in the turbine intake (Fig. 6). All nets 

were 6.0 x 6.5 ft at the mouth and approximately 15 ft long. The nets tapered 

to an 8-inch diameter metal ring to which a 3-ft long cod-end bag was 

attached. A stand ard replicate was cond uc ted in the same manner as the FGE 

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

gatewell, etc. As in the FGE tests, the turbine was run only during the hours 

when tests were conducted. Testing occurred from 2000 to 2400 h with the same 

turbine load as the FGE tests. At the end of each test, ind iv id ual 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 single column of fyke nets fished the middle third of the intake, each net 

catch was multiplied by three to estimate the number of fish in that net level 

(Appendix Table B3 provides fyke net data that validate the assumption that 

the middle net collects approximately one-third of the fish for a given net 

level). The sum of these estimates plus the gatewell catch gives an estimate 

of the total number of fish entering the intakes during the test. The 

percentage of fish for each net level (vertical distribution) was determined 

by dividing the computed figure for each net level by the total intake 

estimate. A total of three tests (Unit 12A, yearlings, stan:lard trashracks; 

Unit 12B, yearlings, streamlined trashracks; and Unit 12B, subyearlings, 
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streamlined trashracks) each with three replicates were conducted. Data from 

these tests were used to determine the effectiveness of the FGE tests, and 

also as a possible indicator of any differences in vertical distribution 

between the two gatewells or between the two types of trashracks. 

Results 

Figure 7 shows the percentage of fish caught at the various net levels in 

Unit 12B (streamlined trashracks) for yearling and subyearling chinook 

salmon. Similar distribution was noted for tests in Unit 12A (standard 

trashracks). Additional details including data, number of fish per net, etc. 

for each test are contained in Appendix Table B4. 

Approximately 69% of the yearling chinook salmon were captured in the 

gatewell and upper two and one-half fyke nets in 1985, as compared to 56% in 

1983 (Krcma et al. 1984). This would seem to indicate that the fish were 

higher in the intake and more fish were available for interception by the 

STS. This higher distribution pattern possibly contributed to the increase in 

FGE from 19% in 1983 to 33% in 1985, since there was no measurable difference 

in vertical distribution related to the standard (l2A) or streamlined (12B) 

trashracks. Another possible influencing factor was the fact that only Units 

11, 12, and 18 were operating during 1985, compared to a more complete 

powerhouse operation during 1983. 

In 1985, only 48% of the subyearling chinook salmon were captured in the 

gatewell and upper two and one-half nets; about the same as in 1983. A 

possible reason for the subyearlings not being higher in the intakes in 1985 

like the yearlings could be the low river flows and correspondingly higher 

than normal water temperatures present during the 1985 tests. 
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OBJECTIVE II - CONTINUED MONITORING 

OF THE SECOND POWERHOUSE SAMPLING FACILITY 


The random sampler in the Second Powerhouse provides the means to examine 

the cond ition of salmonid s passing through the downstream migrant bypass 

system (DSM) and to monitor smolt migrations passing this powerhouse. The DSM 

consists of a smolt sampler designed to randomly collect a portion of the 

juvenile migrants passing through the DSM, a dry separator for removing adult 

fish and debris, a wet separator in the migrant observation room for 

separating juveniles by size, and four raceways to hold fish graded by the wet 

separator. 

In our monitoring of the DSM sampling facility, we did the following: (1) 

enumerated fish collected by species, measured descaling, and recorded marks 

daily throughout the smolt migration; (2) evaluated improvements made to 

correct deficiencies in the DSM and made adjustments and recommendations as 

needed; and (3) compared the data collected at the Second Powerhouse with data 

collected at the First Powerhouse. 

Task 1 - Smolt Indexing 

Methods and Procedures 

Fish passing through the Second Powerhouse bypass system were collected 

by the random sampler and examined to monitor their quality. At least twice a 

day fish were crowded to the downstream end of the raceways and dipnetted into 

an anesthetic bath (MS 222). The fish were enumerated by species or race and 

examined for descaling and marks. The fish were classified as descaled using 

the same criteria mentioned under Objective I. When large numbers of fish were 

captured, subsamples of 200 fish per species or race were examined, and the 

remainder enumerated and released. During most weeks, the random sampler 
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operated Monday through Friday, 24 h a day. Estimates of total weekly passage 

(by species) were determined by multiplying the catch per unit of effort times 

10 [;random sampler efficiency is 10% (McConnell and Muir 1982)J andexpanding 

to a 7-day week. 

Results 

Between 6 March and 27 November, the random sampler operated for 3,052 h 

for an average of about 87 h per week. During this time, a total of 26,993 

juvenile salmonids were captured, of which 15,536 were examined for descaling 

and injury (Appendix Table B5). These numbers represent a passage rate for a 

lower level of powerhouse operation than in 1984, when usually three or four 

of the existing eight turbines were operated during the nightly peak periods 

of fish movement. In 1985, however, the nighttime operation was restricted 

to only the hours of FGE testing (3 May to 6 June and 16 July to 1 August), 

d uri ng which time no more than three uni ts were operated. Because of these 

limited operations, measures of timing and/or peak migrations of smolts shown' 

in Figure 8 may not be representative of the actual smolt migration. Figure 

8 illustrates a weekly estimate of the number of fish by species that were 

bypassed at the Second Powerhouse from 6 March to 27 November, except 3 August 

- 2 September when no sampling was done because the observation room was 

flooded by a back-surge in the downwell. The CofE personnel were advised of 

this problem and visited the site, but could not determine a cause for the 

back-surge. Sampling was then continued for the remainder of the field season. 

(Note: The problem still exists; periodically, the downwell back-surges and 

floods the the observation room. This problem must be resolved prior to the 

1986 field season.) 

Periods of peak migration and the total estimated Second Powerhouse DSM 

passage by species (excluding August) were: (1) yearling chinook salmon - 17 
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Figure 8.--Weekly estimated passage of salmonids at Bonneville Dam Second Powerhouse, 
6 March to 26 November 1985. 
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April, 290,501; (2) subyearling chinook salmon - 29 May, 120,246; (3) 

steelhead - 22 May, 29,777; (4) coho salmon - 5 June, 48,289; and (5) sockeye 

salmon - 15 May, 28,644. Appendix Table B6 gives the weekly passage numbers 

for these fish. The number of smolts passing through the Second Powerhouse in 

1985 was approximately one third of 1983 and 1984 passage; this was largely 

due to the limited turbine operation and the reduction in numbers of 

subyearling chinook and coho salmon released from local hatcheries during th~ 

sampling year. 

The amount of descaling varied among species. Sockeye salmon had the 

highest descaling (20.7%) and subyearling chinook salmon had the lowest 

(1.1%). Yearling chinook salmon, coho salmon, and steelhead had descaling 

of 4.1, 1.8, and 3.0%, respectively. Compared to 1984 data (Gessel et al. 

1985), d escaling was lower for all species. 

Mortality during 1985 was highest for sockeye salmon (6.1%) followed by 

subyearling chinook salmon (3.2%). Mortality for other species was low. In 

general, survival was improved over 1984 (Gessel et al. 1985), especially for 

sockeye salmon. 

Task 2 - DSM Lmprovements 

Improvements to the DSM at the Second Powerhouse mad e prior to the 1985 

field season included the modification of the automatic water level controls 

and lowering the energy dissipator in the downwell in the observation room. 

Modifications of the DSM water level controls did not adequately 

stabilize water levels in the dry (El. 65) and wet (El. 45) separators. For 

this reason, salmonid s were grad ed for only a short time during 1985. For 

most of the year the grading bars were removed from the wet separator, and all 

salmonid s were collected in one raceway. 
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Lowering the energy dissipator in the observation room visibly reduced 

the turbulence in the downwell am improved the drainage from the raceways. 

There were, however, some problems with the automatic water level control 

systems. 

Task 3 - Powerhouse Collection Comparisons 

Methods and Procedures 

During the 1983 evaluation of the juvenile collection am bypass systems 

at Bonneville Dam (Krcma et ale 1984) major differences in species composition 

and size were found between salmonids collected at the First and Second 

Powerhouses. This was prior to the completion of the First Powerhouse 

collection system, therefore, data for the First Powerhouse was collected by 

dipnetting gatewells. During the 1985 evaluation, both collection systems were 

operating, so species composition am length frequencies were again compared. 

Data on species composition am length frequencies were collected daily 

at each powerhouse am combined weekly for analysis. Comparisons of species 

composition were made using the G-statistic (Sokal and Rohlf 1981). Length 

frequencies were compared by using mean lengths plus or minus two times the 

standard errors. 

Results 

A relative comparison of the species compositions between the two 

powerhouses imicated the Second Powerhouse collected a higher proportion of 

yearling and subyearling chinook salmon and lower proportions of coho and 

sockeye salmon and steelhead during most weeks (Table 3). In contrast, in 

1983, the Second Powerhouse collected a higher proportion of coho and sockeye 

salmon am a lower proportion of subyearling chinook salmon. Proportions of 
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Tab Ie 3.--G-Test canparlsons of species canpostlon beTween The FirsT and Second Powerhouse at Bonnevl lie Dam In 1985. 

Year I I n9 Ch Inook Sub)::earl I nl;l chInook 
Percent ca2ture Percent ca2ture 

Date 1 P.H. 2 P.H. G 1 P.H. 2 P.H. G 

1-4 Apr 86.1 89.2 0.3 5.5 10.0 0.8 

8-11 Apr 91.5 95.2 5.5* 4.2 2.8 1.5 

15-18 Apr 93.2 92.4 1.2 0.3 2.5 47.9** 

22-25 Apr 84.2 90.4 54.5 0.5 2.6 46.1

29 Apr-2 May 80.2 89.7 67.9** 0.5 1.2 5.5* 

5-9 May 66.3 73.3 40.6 2.1 0.5 33.0** 

13-16 May 71.4 71 .1 0.1 2.5 2.9 0.9 

I',) 
VI 20-23 May 49.4 52.4 12.5** 2.5 1.4 18.6

.. 28-30 May 46.3 23.1 454.8** 16.7 53.0 1270.5** 

3-5 Jun 31.9 18.2 154.0** 2.9 12.9 285.3** 

11 Jun 15.0 31.5 20.5** 13.0 42.0 59.2** 

17-18 Jun 19.0 15.4 0.5 62.1 44.2 6.7

. * = P<0.05 
** = P<O.OI 

Steel head 
Percent caeture 

. 1 P .H. 2 P.H. 

2.8 0.8 

3.2 2.0 

5.6 4.9 

9.8 6.4 

12.0 5.8 

15.3 10.6 

10.4 7.7 

9.5 11.4 

6.6 6.1 

9.5 5.9 

8.6 1.8 

1.6 1.9 

G 

0.8 

1.5 

1.0 

24.2

45.1 ** 

33.4** 

19.9** 

12.8** 

0.8 

26.6** 

11.3** 

0.0 

Coho 
Percent caeture 
1 P .H. 2 P.H. 

2.8 0.0 

0.7 0.0 

0.9 0.2 

5.3 0.6 

3.1 0.7 

3.6 1.5 

4.0 2.0 

26.6 26.7 

12.2 7.6 

38.0 53.7 

48.4 17.9 

12.7 38.5 

G 

0.8 

3.2 

10.9** 

144.2** 

31.0** 

28.6** 

28.9** 

0.0 

43.8** 

159.3** 

52.0** 

21.4** 

Socke)::e 
Perce nt caeture 

1 P.H. 2 P.H. 

2.8 0.0 

0.4 0.0 

0.0 0.0 

0.1 0.0 

4.2 2.6 

12.7 14.1 

11.7 16.3 

12.0 8.1 

18.2 10.2 

17.7 9.3 

15.0 6.8 

4.6 0.0 

G 

0.8 

0.9 

0.0 

2.2 

6.5* 

2.9 

43.7** 

54.2** 

100.1 ** 

91.1** 

8.4** 

1.1 

i 
i' 



yearling chinook salmon arxl steelhead in each powerhouse remained the same. 

Based on chi-square and g-test comparisons, there were significant week to 

week differences in proportions between the two powerhouse for all species in 

both 1983 (Table 9, Krcma et al. 1984) and 1985 (Table 3). 

In addition to the differences in species composition, there were also 

differences in length frequencies between the two collection systems, 

especially for subyearling chinook salmon (Table 4). As in 1983, fish 

collected at the First Powerhouse were generally longer (fork length) than the 

same species collected at the Second Powerhouse. 

Variation in spill and power generation can influence the horizontal 

distribution of salmonids as they approach the dam by altering the amount of 

flow through either of the two powerhouses or over the spillway. Also, the 

previously noted limited turbine operation at the Second Powerhouse, could 

influence the data collected at this powerhouse. 

Based on the above observations, it would appear that without additional 

powerhouse distribution studies, little potential exists for Bonneville Dam as 

a lower river index site. This could change in future years if the variances 

noted are minimized once FGE improves and there is full-time powerhouse 

operation at the Second Powerhouse. 

OBJECTNE III - TN ALUATION OF THE FIRST POWERHOUSE 

JUVENILE BYPASS AND SAMPLING SYSTEM 


Evaluation of the juvenile salmonid bypass and sampling facility (Fig. 9) 

at the First Powerhouse began in 1984. Tests were conducted to determine the 

utility and efficiency of the bypass system and sampling gear. Several 

problems were encountered and changes were made to resolve them prior to the 
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Table 4--Mean fork length (mm) (x) comparisons between sal monlds collected at the First and Second Powerhouses at Bonneville Dam, 198~ Sot. = standard 
error, N = number of t Ish measured. 

Year II ng ell Inook Subyear I Jng ell Inook Steel head Coho Sockeye 

DJtes P.1io N x (am) 2 S.E. N X (am) 2 S.E. N x (am) 2 S.E. N X (am) 2 S.E. N X (am) 2 S.E. 

4/8 - 4/11 1 

2 
97 

223 

179.1 
158.1 

7.2 
3.8* 

5 
23 

202.0 
aJ6.8 

26.0 
13.0 

4/15 - 4/19 1 
2 

503 
591 

155.8 
158.9 

2.0 
2.0 

5 
76 

73.0 
45.0 

24.6 
2.6* 

161 
140 

191.7 
192.8 

4.6 
5.4 

a4 
8 

149.5 
149.5 

7.4 
4.6 

4/22 - 4/25 1 
2 

416 
712 

156.4 
143.1 

2.0 
1.6* 

7 
76 

63.4 
46.1 

12.8 
2.8* 

114 
198 

180.6 
186.1 

5.4 
3.4 

32 
19 

148.6 
148.1 

5.6 
9.0 

N 
'-I 

4/29 - 5/2 
2 

303 
626 

146.1 
142.4 

2.2 
1.6 

al 
71 

187.7 
193.5 

5.2 
7.0 

13 
8 

152.0 
145. 1 

5.8 
10.8 

24 
31 

119.7 
118.1 

3.4 
3.0 

~8- ~9 

2 

203 
224 

145.2 
143.2 

2.4 
2.2 

129 
130 

1136.8 
191.9 

5.2 
4.6 

36 
21 

150.3 
156.3 

5.0 
6.2 

93 
145 

114.0 
114.8 

1.6 
1.4 

~13 - ~15 

2 
303 
421 

143.0 
140.5 

2.2 
1.6 

64 
14 

88.3 
69.5 

2.6 
11.2* 

219 
133 

195.3 
201.8 

3.8 
5.6 

231 

58 
154.9 
16().4 

2.0 
4.2 

257 
182 

107.2 
112.0 

1.2 
1.4* 

5/20 - ~23 

2 
301 
339 

148.2 
145.4 

2.0 
1.6* 

47 
19 

92.0 
82.0 

3.4 
9.4 

266 
263 

188.8 
196. 7 

2.6 
3.6* 

304 
299 

157.6 
157.6 

1.4 
1.2 

246 
179 

105.3 
107.5 

0.8 
1.2* 

5/28 - ~30 
2 

297 
309 

147.2 
142.9 

2.0 
1.6* 

198 
313 

79.1 
76.3 

1.4 
1.0* 

96 
137 

188.3 
195.6 

5.2 
4.4 

247 
175 

159.1 
156.0 

1.6 
2.0 

234 
219 

118.0 
114.7 

1.4 
1.4* 

6/3 - 6/5 1 
2 

360 

2B3 
137.3 
140.6 

1.8 
2.0 

142 
229 

94.2 
85.8 

1.6 
1.8* 

214 
106 

194.0 
198.9 

3.6 
4.8 

309 
378 

149.9 
145.3 

1.4 
1.2* 

307 
164 

117.5 
116.2 

1.2 
1.6 

Q/ll - 6/12 
2 

59 
37 

149.4 
149.8 

3.4 
5.6 

100 
81 

105.9 
102.6 

2.4 
2.6 

100 
29 

141.7 
147.7 

2.2 
6.0 

84 
10 

121.9 
116.0 

2.2 
6.0 

6/17 - 6/18 
2 

149 
9 

149.0 
143.1 

2.4 
6.8 

295 
50 

110.0 
99.9 

1.2 
5.4* 

198 

26 

146.9 

144.3 

2.4 

6.4 



Table 4.--Continued. 

Ye;r lIng chInook Subye;r IIn9 ch Inook Steel head Coho 	 Sockeye 

UlItes P.H. N X (nm) 2 S.E. N X (mo) 2 S.E. N X (nm) 2 S.E. N X (mn) 2 S.E. N X (mo) 2 S.E. 

W24 - 6(l7 	 I 399 109.2 1.0•
2 274 103.1 1.2 


7/1 - 7/3 	 1 357 112.1 1.6 

2 70 99.0 3.0* 


7/8-7/9 243 112.1 1.8 

2 96 101.6 2.6* 


7/15 - 7/17 	 280 118.8 1.6•2 	 199 100.3 1.8 

N 7/23 - 7/24 321 114.0 1.2. 
ex> 2 	 213 100.3 1.4 

7/30 - ij/I HtI 107.7 2.8 
, ; 

'J. 103 104.9 1.1:1 

* .. P<0.05 	 I·
I.' 
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Figure 9.--Cross-section of the juvenile bypass (downstream end) system at Bonneville Dam First 
Powerhouse, 1985. The inclined screen, emergency relief conduit, add-in gate, and 
pumps are all designed to operate under automatic control. 



1985 field season. Testing continued during the 1985 smolt migration to: (1) 

determine the effectiveness of these changes and recommend add itional 

modifications if necessary and (2) evaluate the sampler efficiency for the two 

modes of operation-- free-flowing (all the water going to the tailrace) and 

pump-back (excess water pumped back to the forebay). 

Task 1 - Modifications to Sample Gear 

During the 1984 studies, considerable difficulty was experienced handling 

the sample tank and flume, specifically during placement into the fishing 

posi tion and transferri ng the catch to a hold ing tank. Prior to the 1985 

field season, guid es were installed on the sample tank (Fig. 10) in an attempt 

to keep it from wracking as it was raised or lowered. Also, the sample tank 

floor was sloped to facilitate unloading. These modifications improved 

operations in 1985, but additional changes are needed. The two electric 

hoists used to raise and lower the sample tank continue to create problems of 

wracking. A four-point hoist mechanism is needed to eliminate this problem. 

A new hoist arrangement could add approximately 12 inches in height to the 

sample tank, which would help reduce the turbulent water conditions that 

presently develop in the sub-sample tank. The sample tank floor also needs to 

be both sloped ani tapered to the outlet to prevent fish from accumulating in 

the corners during transfer to the handling facility. 

Task 2 - Sampler Efficiency 

Tests to evaluate sampler efficiency in 1985 were to be conducted under 

the two modes of bypass operation (free-flowing and pump-back). However, no 

sampling was d one in the pump-back mode for two reasons: (1) 
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Figure 10.--0verhead (top) and side view of the fish collection site in the 
juvenile bypass channel at Bonneville Dam First Powerhouse, 1985. 
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v ibration/ cav itation problems developed when the pumps were test operated by 

CofE personnel and (2) the automatic water level control system for the DSM 

was not completely functional. Therefore, all sampling in 1985 was conducted 

with these controls set for manual adjustment. 

Method s am Proced ures 

During the 1984 field season, evaluation of sampler efficiency was 

attempted with marked fish releases at various points in the bypass channel. 

This method was not successful because the sampler could not be operated for 

long enough intervals to ensure that all marked fish had exited the system 

prior to eming the sample. Modifications made in 1985 allowed a different 

technique and enabled us to use natural migrants in place of marked fish to 

evaluate sampler efficiency. A small compartment was built within the sample 

tank, and the sample flume was widened to fish the entire width of the bypass 

channel (Fig. 10). These changes allowed sampling that gave a sub-sample 

within the total sample. The sampler could be fished for a selected interval, 

and the two groups compared for consistency. 

Two sampling regimes were used to collect fish passage data during 1985. 

The first, or intermittent method, consisted of collecting several 20-minute 

samples each week throughout the field season (31 March - 16 November). During 

sampling, only the main sample tank was used to collect the fish. These 

1nd iv id ual samples could then be expand ed into hourly passage estimates for 

each species or race collected. For example, if 100 steelhead were collected 

in a 20-minute sample, then the total steelhead passage for that hour would be 

100 x 3 = 300 steelhead. Generally, samples were taken twice a day (mid

morning, 1000 h and mid-day, 1400 h) 3 days a week. During some weeks, 

mechanical problems with the sampler or other equipment failures did not allow 

3 days of sampling. 
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The second sampling regime, or intensive sampling method, consisted of 

sampling every hour during a 24-h period. We attempted to sample for 20 

minutes each hour, but large numbers of migrants often made it necessary to 

shorten the sample intervals. Intensive sampling occurred from 8 to 23 May 

and collected passage data for yearling chinook, coho, and sockeye salmon and 

steelhead. Subyearling chinook salmon data were collected from 22 to 25 July. 

In these samples, both the sub-sampler and sample tank were used to collect 

fish. The sub-sampler was placed in the center of the channel for each sample 

am intercepted approximately 17% of the total channel wid th (sub-sampler is 

16 inches wide; channel width is 96 inches). Theoretically, if the smolts were 

randomly distributed across the width of the channel, approximately 17% would 

be collected by the sub-sampler. 

Determining sub-sampler consistency was done by computing the average 

collection percentage for each group of fish and comparing it to the 

theoretical 17%. Only individual samples with )100 fish of the target species 

were used to compute these averages. 

The intensive sampling data were also used to determine average hourly 

passage percentages for each species or race for a standard 24-h period, 

beginning at 0000 and ending at 2400 h. Confidence Intervals (CI) at the 95% 

level for the hourly percentages were defined using the formula: 

S-<. 
P ± t(l- ---, K - 1) 


2 


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

The hourly percentages in conjunction with the imividual samples collected 

throughout the field season were then used to estimate weekly passage for 
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all salmonids. The formula for computing a weekly passage estimate for one 

species from one sample period is: 

p = ( Ax B) 
D, R = P x 7 

C 

Where: A = number of target fish in a given sample 
B 60 (number of minutes in 1 hour) 
C = number of minutes in the given sample interval 
D average hourly passage percentage for the target 

species 
P = estimated 24-h passage 
R estimated weekly passage 

For example: if 125 steelhead were captured during a 5-minute sample 

collected at 0600 h, when 3.1% of the steelhead passage occurs, then the 

estimated weekly passage for this species would be; 

125X60)
( 0.031 = 48,387 = 24-h passage 

5 
x 7 = 338,709 estimated weekly passage 

Generally, only samples collected during hours with CIs of + 1% were used 

to estimate weekly passage for each species or race. All individual samples, 

collected during a given week, that met this CI criteria were expanded and 

averaged to yield a mean passage/day estimate which was multiplied by seven 

to give a mean passage/week total. During weeks when less than two samples 

_were collected that met the CI criteria, all the samples, regardless of their 

time of collection were expanded and averaged to obtain the weekly passage 

estimate. 

Results 

Table 5, gives the average collection data by species for the sub-

sampler. The target of 17% collection was not achieved for any species, and 

there was considerable variation between species. Either the fish were not 
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Table S.--Summary of sub-sampler collection data for the two intensive 
sampling periods conducted at Bonneville Dam First Powerhouse 
juvenile collection facUity, 1985. (refer to Appendix Tables B7 and 
B8 for individual sample details). 

Species Subyearlings Yearlings Steelhead Coho Sockeye 

II of..i 
samples 116 182 17 40 15 

# fish 
collected in 
sub-sample 9,383 6,981 314 873 998 

II fish 
collected in 
sample tank 29,044 37.943 2,494 5,682 3,740 

Totals 38,427 44,924 2,808 6,555 4,738 

% fish 
collected in 
sub-sample 24.4 15.5 11.2 13.3 21.1 

~/Only samples that collected over 100 fish of any species were used to 
determine the average percent collected by the sub-sampler. 
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randomly distributed across the channel, or they were able to avoid the 

sampling equipment--some smolts (particularly larger ones) were observed 

actively swimming away from the sample area. 

Figures 11-15 are graphs showing the hourly passage percentages for the 

migrants during the intensive sampling periods with 95% CIs for each data 

point. Table 6 provides the actual percentages depicted by these graphs, and 

Table 7 gives an estimate of salmonid passage through the First Powerhouse DSM 

based on these hourly percentage rates. Appendix Tables B7 and B8 give the 

data for the individual samples collected. 

The intermittent sampling periods (mid-morning and mid-day) selected to 

monitor fish passage throughout the field season were generally insufficient 

to provide meaningful estimates of daily and weekly passage because of wide 

CIs about the hourly estimates during peak migration periods at night. 

However, during the intensive sampling period (8-23 May) a sufficient number 

of samples was collected to allow relatively good passage estimates for 

yearling chinook, coho, and sockeye salmon and steelhead. Most data collected 

for subyearling chinook salmon occurred during hours with fairly wide CIs and 

consequently give a relatively poor passage estimate for these fish. 

The variability in the sub-sampler collection percentages indicates some 

sampling problems may exist. The possibility of a sampling bias occurring 

with the different species must be addressed. If a bias exists, it must be 

eliminated or measured so that the appropriate adjustments can be made with 

the collection data. Also, the differences in passage rates and timing for 

the various species indicate the number of samples taken must be increased so 

that representative samples for all species are collected throughout the 

migration period. Of special concern is the wide CIs observed during peak 

migration periods at night for yearling fish. These have to be reduced before 

meaningful estimates of total passage can be made. 
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Figure 11.--Graph depicting the hourly passage for juvenile yearling chinook 
salmon with 95% C.l. for each data point at Bonneville First Powerhouse 
DSM, 1985. 
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Figure 12.--Graph depicting the hourly passage for steelhead with 95% C.l. for 
each data point at Bonneville Dam First Powerhouse DSM, 1985. 
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Figure 13.--Graph depicting the hourly passage for coho salmon with 95% C.!. for 
each data point at Bonneville Dam First Powerhouse DSM, 1985. 
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Figure 14.--Graph depicting the hourly passage for sockeye salmon with 95% C.l. 
for each data point at Bonneville Dam First Powerhouse DSM, 1985. 

4,0 




---'---.. -'_..,,-

+:i
c: 
Q) 

~ 
Q) 

oS 
"'C 
~ 
::::J... 
Co 
nJ 
U 

.c: 

.!!! 
u. 

4 

Time of day 

Figure 15.-- Graph depicting the hourly passage for subyearling chinook salmon with 
95% 'C.l. for each data point at Bonneville Dam First PowerhouseDSM, 
1985. 
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Table 6.--Average hourly passage percentages for salmonids collected during 
intensive sampling periods at Bonneville Dam First Powerhouse 
collection facility, 1985 (based on seven replicates except for 
subyearling chinook salmon which had only four replicates). 

Subyearling Yearling 
Time chinook chinook Steelhead Coho Sockeye 

0000 2.8 3.8 7.4 4.9 4.1 

0100 1.8 2.7 3.9 2.5 3.2 

0200 1.9 2.4 3.0 2.3 3.0 

0300 2.1 2.4 2.5 2.0 2.7 

0400 2.5 2.5 2.0 1.8 2.5 

0500 3.3 3.5 2.1 2.3 2.0 

0600 3.6 5.9 3.1 3.3 1.8 

0700 3.6 6.8 3.5 4.5 1.3 

0800 3.1 6.8 3.8 5.1 1.3 

0900 3.4 5.1 3.4 4.9 1.2 

1000 3.7 4.8 3.5 4.5 1.5 

1100 3.7 4.6 3.3 4.2 1.7 

1200 5.0 4.9 3.3 4.3 2.0 

1300 7.9 5.2 3.3 4.1 2.3 

1400 10.2 5.0 2.8 3.6 2.4 

1500 9.3 4.6 2.3 3.6 2.4 

1600 6.6 3.6 1.8 3.0 2.2 

1700 4.1 2.7 1.7 2.9 2.0 

1800 2.8 1.8 1.4 2.2 2.4 

1900 1.5 1.6 1.7 2.1 4.1 

2000 1.5 3.4 7.1 5.2 15.1 

2100 4.2 4.9 10.7 8.8 16.8 

2200 5.8 5.8 12.6 10.3 16.0 

2300 6.0 5.2 9.9 7.8 6.3 
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Table 7.--EsTlmated salmonld passage through the first powerhouse DSM at Bonnevll Ie Dam during 1985. n ~ number of samples used In l~Tlmate. * less than two samples 
met the CI criteria, therefore. all samples were used to determine The weekly passage eSTimate. 

Sub~earllnQ chinOok Yearlln2 chinook Steel head Coho Sockeye All species 
ESTrrilated Estimated Estimated Estimated Estimated Estimated 

Date n passage n passage n passage n passage n passage passage 

31 Mllr-06 Apr 2* 42 2* 3.416 2* 49 2* 98 2* 28 3.633 
07-13 Apr 10* 231 9 4.816 4 77 10* 78 10 28 5,1 SO 
14-20 Apr 8* 182 3 30.401 5 4,844 6 1,358 8 35 36.820 
21-27 Apr 15* 602 9 90,874 7 23,163 4 4.900 11 266 119,805 
28 Apr-04 May 9 1.792 15 63,966 12 12.768 13 1,771 20 7,119 87.416 
05-11 May 20 12,498 28 107.116 31 20.804 27 6.797 51 20.867 168.082 
12-18 May 21 18,370 26 108.948 28 21.301 24 8.190 43 29.762 186.571 
19-25 May 40 15.052 44 139;545 50 29.146 45 79.352 77 32.725 295,820 
26 May-Ol Jun 22 62.720 36 123.011 27 27,811 . 26 31,269 42 99.015 343,826 
02-08 Jun 13* 7.147 9 104.524 9 49,210 10 241,304 13 134.001 536,186 
09-15 Jun 7* 10,017 5 16.017 5 5,145 6 21,028 7 13,062 65,269 
16-22 Jun 14* 131,733 8 15,582 5 2,065 7 10,171 14 10,700 170.331 
23-29 Jun 12* 258.370 9 4,060 12* 679 5 6,335 12 3,871 273,315 
30 Jun-07 Ju lal 9* 217,910 3 3,066 9* 539 9* 3,885 9 882 226,282 
07-13 Jul 4* 70.763 3 5.187 4 189 4 8.813 4 2,863 87,815 
14-20 Ju I 3* 1.586.263 2 54.074 2 15.232 3 9,772 1,665,342 
21-27 Jul 40 787,916 9 16.197 3 8,819 46 16.718 31 10.418 840,068 
2a iu 1-03 Aug 5* 6.356 5· 115 6,471 
04-10 Aug 2* 22.337 2* 385 2 210 22.932 

, 11-17 Aug 2* 4,168 2· 511 4.679 
18-24 Aug 3* 4,627 4.627 
25-31 Aug 3* 5,376 5,376 
01-07 Sap 3* 5.215 5,215 
09-14 Sap 8 18.697 18,697 
15-21 Sap 3* 931 3 231 1.162 
22-28 Sep 4* 644 4 42 686 
29 Sep-05 Oct 6* 1,218 2.218 . 
06-12 Oct 6* 5,859 3 56 5,915 
13-19 Oct 8 9,576 9.576 
20-16 ~t 3* 2.079 2,079 
27 Oct-02 Nov 6* 2.457 3 182 3 196 2,835 
03-09 Nov 3* 10.430 - 10,430 
10-16 Nov 6* 10.220 3 644 10,864 

Total 3,291.798 890,800 206.906 459,364 375.704 5.224.572 

al End of spill at Bonneville 7/4. 
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OBJECT N E N - F ISH QUALITY 

AND STRESS AT THE FIRST POWERHOUSE 


Methods and Procedures 


Delayed mortality was used as the primary indicator of relative stress 

for yearling chinook salmon collected at the fish collection facility and 

Gatewell lOA at the First Powerhouse and the DSM at the Second Powerhouse. 

Also, descaling and delayed mortality tests were conducted for subyearling 

chinook salmon collected from gatewells at the First Powerhouse equipped with 

either a standard or a balanced flow vertical barrier screen (SVBS or BFVBS). 

Three to four replicate samples of yearling chinook salmon were collected 

at each sample point at various times during the o~tmigration. Smolt samples 

were taken from the sample tank (First Powerhouse) or the raceway (Second 

Powerhouse). Smolts were collected from Gatewell lOA with a standard gatewell 

dipnet; samples were then taken with a small dipnet equipped with a sanctuary 

bag to allow water-to-water transfer. Fish were then transferred in 30-gallon 

plastic containers to net-pens in a raceway at the Second Powerhouse 

observation room. These raceways had a continuous supply of river water. 

Delayed mortality tests were 5 days in duration, with daily mortality checks. 

Live fish were checked for descaling after termination of the test. The G-

statistic was used to test for significant differences in mortality and 

descaling (Sokal and Rohlf 1981). 

Results 

Delayed mortality tests were cond ucted between 29 April and 22 May for 

yearling chinook salmon. Delayed mortality was significantly higher for 

yearling chinook salmon collected from the First Powerhouse DSM than from 

Gatewell lOA, 1.7 v s 0.3% (Table 8). Differences between the Second 
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Table 8.--Descaling and delayed mortality comparisons for yearling chinook salmon captured in Gatewell lOA, the 
First Powerhouse DSM,and the Second Powerhouse DSM, Bonneville Dam, 1985. All delayed mortality tests 
were 5 days in duration. 

Descaling' 	 Delayed Mortality 

1st PH GW lOA 1st PH DSM 2nd PH DSM 1st PH lOA 1st PH DSM 2nd PH DSM 

Sam'ple % Sample % Sample % Sample % Sample % sample % 
Date size des. size des. size des. size mort.• size mort. size mort. 

29 Apr 194 0.5 204 3.9 251 4.4 194 0.0 204 1.5 251 0.8 

2 May 75 1.3 157 7.6 206 3.4 76 1.3 160 1.9 207 0.5 

10 May 102 4.9 108 2.8 127 3.1 102 0.0 111 2.7 129 1.6 

.po 22 May 215 ,8.8 207 11.1 	 215 1.4 207 1.9 
VI 

, TOTALS 371 1.9 684 6.1 791 5.7 372 0.3 690 1.7 794 1.1. 

G-va1ues 	 lOA vs 1st PH 11.3** G-values lOA VB 1st PH 5.4** 
lOA vs 2nd PH 9.9** lOA VB 2nd PH 2.7 
1st PH vs 2nd PH 0.1 1st PH vs 2nd PH 1.0 

** = p < 0.01 



, . 

Powerhouse DSM and Gatewell lOA were not significant (1.1 v s 0.3%) nor were 

there significant differences between the two collection facilities (1.1 vs 

1.7%). The d escaling rates for yearling chinook salmon used in these tests 

were significantly higher for both collection facilities than for fish 

collected from Gatewell lOA (Table 8). There was little difference in 

descaling rates between the two collection facilities. Comparison of delayed 

mortality and descaling for yearling chinook salmon (Fig. 16) indicates a 

close relationship exists between the two --areas with higher descaling had 

correspondingly higher delayed mortality. 

Descaling rates for subyearling chinook salmon indicate little difference 

between fish collected from gatewells equipped with the &VBS or BFVBS (1.5 vs 

0.8%), respectively. Delayed mortality tests with· subyearling chinook salmon 

were inconclusive due to high water temperatures (>700 F.) during their 

migration. Very little mortality occurred during the first 48-h period for 

either group. Mortality generally increased with the length of the test and 

was probably stress related. 

OBJECTlVE V ORIFICE PASSAGE EFFICIENCY 

TESTS AX THE FIRST POWERHOUSE 


Orifice passage efficiency tests (OPE) were to be conducted at both 

powerhouses during the 1985 field season, but no tests were conducted at the 

Second Powerhouse because of continued low FGEs and solving the FGE problems 

took priority over OPE tests. Tests were, however, conducted at the First 

Powerhouse to complete the stud ies began in 1984. Tests in 1985 compared: 

(1) SVBS and BFVBS, (2) the addition of solid closure plates to the upper panel 

sections of both types .of~arrier ·sc.reens,and (3) .12~ .and .14-inch diametel;' 

orifices. 
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Figure 16.--Comparison of descaling and delayed mortality tests conducted 
with yearling chinook salmon collected from various points at 
Bonneville Dam in 1985. The bars show the 95% C.l. for each test. 

47 




Methods and Procedures 

An adjustable inclined plane trap attached to the orifice in Gatewell 9C 

was used to capture the fish as they exited the gatewell. Because there was 

room for only one trap, tests were run consecutively rather rather than as the 

more desirable paired replicates. All tests were 24 h in duration, beginning 

and ending during periods of low fish movement (typically 1000 - 1400 h). 

Target species were yearling and subyearling chinook salmon, with data 

gathered on other species as available. OPE was determined by a direct 

comparison of the number of fish that were collected in the orifice trap with 

the number of fish that remained in the gatewell after 24 h of orifice 

operation. A minimum of three replicates with at least 200 fish of the target 

species were required for statistical analysis utilizing the G-statistic 

(Sokal and Rohlf 1981). An OPE approaching 75% in a 24-h period was 

considered acceptable. 

A typical test seq,uence involved the following steps: (1) dipnet the 

gatewe11 to remove all residual fish and open the orifice to begin the test, 

(2) at set intervals (usually each hour) adjust (if needed) the head on the 

orifice to maintain a 2.5-foot head (this was done by raising or lowering the 

adj ustable inclined plane), (3) remove and count all fish that collected in 

the trap, and (4) end the test by closing the orifice and dipnetting the 

gatewell to capture all remaining fish. 

Results 

A total of 9 test conditions with 28 individual replicates were conducted 

from 22 April to 1 August. Appendix Table B9 gives the collection data for 

these replicates. Test results for yearling chinook salmon (Table 9) indicate 

that the present orifice (14-inch) with a minimum orifice head of 2.5 feet and 

a SVBS is adequate for achieving acceptable OPE. The BFVBS did not show any 

improvement in OPE over a SVBS for tests with 14-inch diameter orifices. 
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Table 9.--orifice passage efficiency (OPE) test data and C~t~~t vdue~ for tests conducted at Bonneville Dam 
First Powerhouse, 1985. All tests were 24 h in duration with approximately 2.6 feet of head on the 
orifice. Only individual replicates with 200 fish of a given species or race were used for statistical 
evaluation. 

------------------------~-----------------------~-----------------------~----------------------~----------------------

Test condition Yearling chinook Stee1head Coho Sockeye 

IF 
Orifice Screen Closure of % G-test gf % G-test gf % G-test gf % G-test 
size type plate rep. OPE value rep. OPE value rep. OPE value rep. OPE value 

14" BFVBS w/ cp 5 80.3 5.3* 

14" BFVBS w/o cp 5 82.4 


14" SVBS w/ cp 4 92.9 3 96.1 3 95.0 3 93.618.4-1<* 1.3 13.5** 13.2** .p. 

\.0 14" SVBS w/o cp 3 95.2 3 96.8 3 92.4 3 96.5 


.. 
14" BFVBS w/cp 5 80.3 293.2** 

14" SVBS w/cp 4 92.9 


14" BFVBS w/cp 5 82.4 296.7** 

14" SVBS w/o cp 3 95.2 


* = P < 0.05 
** = P< 0.01 



Also, the addition of closure plates to the top sections of the barrier 

screens did not significantly improve OPE. The data also indicate the 14-inch 

orifice system is adequate for other yearling species. However, acceptable 

levels of OPE were also measured for the 12-inch diameter orifices in 1984 

(Gessel et al. 1985). 

OPE for subyearling chinook salmon varied considerably between replicates 

late in the season similar to 1984 (Gessel et a1. 1985). Tests conducted in 

May resulted in very high OPE () 85%), whereas tests conducted during July and 

August gave much lower results. However, OPEs for three of four replicates of 

a test with a 12-inch orifice during this later part of the season were) 75%, 

but the range for the four replicates was 39 to 85% with a weighted average of 

64%. 

OBJECTIVE VI - DIEL PASSAGE 
AT THE FIRST POWERHOUSE 

Methods and Procedures 

To monitor diel fish movement, gatewells at the First Powerhouse were 

sampled every 2 h for a 24-h period using a standard gatewe1l dipnet. Prior 

to each test, the gatewell was dipnetted to remove all residual fish and the 

orifice closed. After collection, the fish were anesthetized, enumerated by 

species or race, allowed to recover in fresh water, and released. Only 

species represented by at least 200 fish per test were included in the 

analysis. 

Results 

Die1 fish passage sampling was conducted from 25 April to 12 June. The 

results are shown graphically in Figures 17-21. Peak fish movements for all 
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Figure 17.--Graphs showing diel passage of salmonids 

Dam First Powerhouse, 1985. 
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Figure 19.--Graphs showing diel passage of sockeye salmon, dipnetted from a 
gatewell at Bonneville Dam First Powerhouse, 1985. 
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54 




COHO SALMON 


~ 
c: 
Q) 

f:! 
Q) 
a. ... 


.c: 
C) 
::I 
co 
0 

.c: en 
u. 

25 Sunrise Sunset 
0534 2050 

I 
20 I 

I 
I 
I 
I 
I 
I 

10 I 
I 
I 

5 

0 

June 10·12 

Sunrise 
0532 

Time of day Time of day 

.SUBYEARLING CHINOOK SALMON 

30 
June 10·12 

~ 
c: 
Q)

f:! 
Q) 
a.-... 

.c: 
C1 
::I 
ctII 
o 

.c: 

.~ 
u. 

25 

20 Sunrise 
0532 

Time of day 

Figure 21.--Graphs showing diel passage of subyearling chinook salmon and coho 
salmon and coho salmon, dipnetted from a gatewell at Bonneville 
Dam First Powerhouse, 1985. 

55. 




species combined were shortly after dawn and dusk, with the evening peak being 

typically much higher (Fig. 17) • The size of these peaks changed over the 

course of the season, with an even more pronounced evening peak later in the 

year. 

Yearling chinook salmon and steelhead (Figs. 18 and 19) generally 

followed these same patterns; sockeye salmon had the lowest daytime passage 

overall (Fig. 20) and coho the highest (Fig. 21). Local hatchery releases of 

large numbers of coho salmon may have influenced their diel pattern of 

movement. The diel passage of subyearling chinook salmon was similar to other 

species (Fig. 21); however, sufficient numbers -for analysis were only captured 

during one sampling period (10 to 12 June). Because of relatively low numbers 

of sockeye, coho, and subyearling chinook salmon available during these tests, 

no significant conclusions should be made on their diel passage in 1985. 

OBJECTIVE VII - TEMPORAL DISTRIBUTION 

The optimum operation of the fingerling bypass facilities at Bonneville 

Dam requires a certain amount of downtime for necessary maintenance and 

repair. At the present time, all such activities are scheduled between 

15 December and 1 March each year. The extensive repair and maintenance of 

the STS and other parts of the bypass systems has made it difficult to 

complete all the required work during this limited time. These impacts also 

affect other projects operations by restricting scheduling flexibility. 

Such difficulties could be resolved if certain maintenance and repair 

activities could be scheduled outside the time period presently allotted. The 
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objective of this portion of the Bonneville Dam bypass studies was to define 

the temporal smolt passage distribution to ensure that rescheduled activities 

would not significantly impact smolt passage. 

Methods and Procedures 

The DSM sampler systems at both powerhouses were normally operated from 

about mid-April to mid-August to determine their affect on fish quality, 

develop sampler protocol and efficiency, obtain species information, etc. The 

temporal studies required increasing this operating period by beginning the 

weekly sampling about mid-March and continuing through mid-December. 

The temporal distribution of the migration is represented in terms of a 

monthly percentage of the estimated DSM passage for both powerhouses. An 

accurate measure of temporal passage depends upon a reliable estimate of the 

number of fish passing through each powerhouse and / or over the spill. This 

can only be accomplished by a mark and release project designed to determine 

the proportion of smolts that pass each powerhouse under varying spill and 

powerhouse operating modes. This has not yet been achieved. 

Estimates of the number of fish (by species) that passed through the 

individual powerhouse collection systems on a weekly basis, however,were made 

(see Objectives II and III, this report). This information was used as a 

relative indicator of smolt passage for making a gross determination of 

percent smolt passage on a monthly basis. 

Results 

Normal downstream smolt migration by Bonneville Dam generally begins in 

April, however, upstream hatchery releases of pre-smolts can occur in February 

or March. During 1985, salmonid fingerlings migrated at various levels of 

magnitude throughout the temporal study period. 
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Table 10 shows monthly estimated passage rates compiled from the data 

reported in Appendix Table B6 and Table 9. Passage rates were highest during 

May, June, and July; approximately 90% of the annual smolt migration occurred 

during these 3 months. September through November was the period of lowest 

passage and accounted for 1.5% of the estimated annual bypass total, about 

90,000 fish (27,500; 25,200; and 37,300 fish per month, respectively). 

Subyearling chinook salmon was the predominant (95%) species during the 

September to November period, with 80% passage through the Firs t Powerhouse 

DSM and 20% through the Second Powerhouse DSM. As noted previously, the First 

Powerhouse estimates are not very exact due to design and operational 

deficiencies that are still being worked on. This problem becomes even more 

magnified for periods of low fish numbers. However, we feel the Second 

Powerhouse sampler is accurate and provides a more consistent measure of 

fingerling passage through the DSM. The sudden drop off in numbers, as shown 

in Table 10 for the Second Powerhouse, during late summer may have been 

atypical due to the higher than normal water temperatures in 1985. This may 

have caused fish to hold up and could have contributed to a larger number than 

normal migrating in late October and November as water temperatures began to 

drop. 

Even with the noted sampling problems, it appears that over 98% of the 

outmigration has passed Bonneville Dam by the end of August. However, if the 

problems with the First Powerhouse sampler can be resolved, it would probably 

be advisable to continue the temporal studies through 1986, so a more accurate 

evaluation can be made for both powerhouses. 
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· CONCLUSIONS 


1. Lowering the STS to reduce the flow restriction at the throat opening 

significantly increased FGE from 33 to about 42%; still far below the 

acceptable () 70%) FGE. 

2. Streamlined trashracks in conjunction with a 27-inch lowered STS gave 

the highest FGE for both yearling and subyearling chinook salmon, 42 and 24%, 

respectively. 

3. Factors upstream from the trashracks are causing the fingerlings to 

enter the intakes too deep for the STS to achieve acceptable FGE. 

4. Descaling and mortality at the Second Powerhouse DSM were lower than 

in 1984 for all species. 

5. Modifications of the DSM water level controls at the Second 

Powerhouse did not adequately stabilize water levels. 

6. Lowering the energy dissipator in the observation room reduced 

turbulence in the downwell and improved drainage from the raceways. 

7. The automatic water level controls at the First Powerhouse are not 

completely functional. 

8. Additional modifications are required to the sampling equipment to 

achieve more efficient and accurate sampling at the First Powerhouse. 

9. Under existing operating conditions, there is little potential for 

use of Bonneville Dam as a lower river index site. 

10. Stress, indicated by delayed mortality, is higher for yearling 

chinook salmon collected in the DSM than for those collected from a gatewell 

at the First Powerhouse. 

11. Descaling is higher for yearling chinook salmon collected at either 

DSM when compared to those captured from a gatewell at the First Powerhouse. 
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12. There is a close relationship between descaling and delayed mortality 

for yearling chinook salmon. 

13. Descaling rates for subyearling chinook salmon appear to be the same 

for fish captured in gatewells equipped with either an SVBS or a BFVBS. 

14. The present orifice/SVBS system at the First Powerhouse provides 

adequate OPE for yearling and subyearling chinook salmon when the orifice is 

operated with approximately 2.5 feet of head. 

15. Diel passage for juvenile salmonids at the First Powerhouse peaks at 

dawn and dusk, with the evening peak typically higher. 

16. Of the portion of juvenile salmonids that pass Bonnev ille Dam through 

the DSMs at the two powerhouses throughout the salI!plingperiod;apPl:'Qxima.tely-

90% pass froni'MRyto.]uly'andapproximately-l.5% f~om September to Nove1ilber. 

RECOMMENDATIONS 

First Powerhouse 

1. Continue evaluation of the modifications at the fish collection site 

in the DSM. 

2. Continue temporal stud ies to determine smolt passage at Bonneville 

Dam. 

Second Powerhouse 

1. Continue FGE studies to improve FGE through the use of a lower STS, 

more porous guiding device(s), and improved flow conditions near the intakes. 

2. Repair or modify the automatic water level controls to eliminate 

fluctuation in the water level of the wet and dry separators in the DSM. 
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3. Dete~mine the cause of the back-surge in the downwell and the 

subsequent flooding in the observation room and resolve the problem. 

4. Mod ify the rand om sampler in the DSM to allow it to be inserted or 

removed from the flow automatically. 
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APPENDIX A 

Sample Sizes Needed for Comparative Trials 

In these experiments we are mainly concerned with comparing different 

treatment groups to determine the best condition. In some cases a comparison 

is made against a standard value or an estimate of an average value is 

desired. In the design of these studies, it is necessary to determine the 

sample sizes required to assure acceptable results. 

Typically, the information needed to determine sample sizes and number of 

replicates required is the experimental error variance, s2; the size of the 

effect to be detected, ~ the number of means being compared. k; and 
, 

the ex and S levels (the probability of a Type I error, ex , and the probability 

of a Type II error, S.) desired from the statistical test. It is usual to 

specify a., Sand 0 to satisfy research objectives. For the studies 

considered here we use a. = 0.05, e = 0.20 and IS = 0.10. We estimate a value 

for the standard error, s, based on compilation of data \rom past fish 

guidance efficiency (FGE) studies. From these data we obtained a value of 

0.0314 for chinook salmon and a value of 0.0272 for steelhead. Linited data 

from other species show slightly lower standard errors. We have used the 
I 

value obtained from chinook salmon in our sample size computations. 

The data are collected in the form of fish counts and will often be used 

directly in .contingency table analysis. For this analysis, sa~ple size 

formulas will be used which apply to categorical data. In some tests, the FGE 

is expressed as a percentage and an average value is also estimated. Standard 

randomized block procedures apply to these situations. 

In these studies we are dealing with research on fish in their natural 

environment. It is not anticipated that our experiments will contain the 



, , 

uniformity of laboratory studies. When conditions provide the opportunity, we 

plan additional repeated measurements as assurance against the lack of 

uniformity in field ·conditions. These may not be stipulated by a formal 

experimental design. They have several uses in subsequent data analysis • 

. Replicated measurements should steadily decrease the error associated with the 

comparisons among treatment groups, and they can also be used to make an 

assess~ent of measurement accuracy, e.g., the closeness among comparable 

measurements (Tsao and Wright 1983). This assessment is especially useful to 

identify problem areas in the data collection system which may require special 

investigation. For a more lucid and comprehensive discussion see Cochran and 

Cox (1957) and Mosteller and Tukey (1977). 

In these experiments, we compare experimental units by means of a test of 

signi ficance • We will be attempting to establish that one procedure is 

superior or different than another by at least some stated amount. 

Consequently, the experiments must be large enough to reasonably ensure that 

if the true difference is equal to or greater than the specifted amount, we 

have a high probability of detecting it, or obtaining a statistically 

significant result. The procedures used as follows provide an approximation 

that is adequate for design purposes. The notation for the formulas is given 

below. 

1. TWo group comparison case : This case is concerned with determining 

whether one condition is better than another condition (a one-way comparison), 

or with determining whether two conditions differ (a two-way comparison). The 

formula used is: 

NT ... (ZA + ZB)2 I 2 (arcsin {Pi - arcsin fP'2)2. 

This formula is given by Paulson and Wallis (1947), it is also used by 

Cochran and Cox (1957), sample size graphs calculated by Feigl (1978) 'and 
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Lemeshowet al. (1981) showed that it provided the closest approximation to an 

exact method when the underlying proportions are small. This formula may be 

expressed in different forms, depending on the definition of ZA and ZB. We 

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

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

obtaining confidence intervals and sample sizes follow methods given by Angers 

(1984), Bailey (1980), Goodman (1965), and Miller (1966). The formula used 

is: 

NM = [(B) (Pi (l-pi)] I 2D • 

3. For determining the number of replicates, the procedures follow those 

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

The 	 formula used is: 

R 22 (T l + T2)2 (S2) I 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 associated with Tl and T~ 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 probability A. Where 

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

one-sided case. 

ZB 	 - standardized normal deviate exceeded with probability B. Where 

B is 1 - 8, for the one-sided case. This corresponds to the 

probability of obtaining a significant result. Note that ZB 

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

(ZA - ZB') without altering the value of NT. 
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P1 - proportion in the control group. 


P2 - proportion in the test group. 


NM - smalles"t sample size" such that the statistical precision levels 


for the multinomial parameters, Pi are simultaneously satisfied. 

B - tabular value for the upper percentile of the chi-squared 

distribution at the 1- a/k statistical precision level with one 

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

compared. 

Pi - expected proportion in each multinomial category, i ... 1, 2, 

••• , k. 

D - level of difference it is desirable to be able to detect, this 
. 

can be different for each treatment (or multinomial) category. 

R  the number of replicates per treatment • 

T1 
• 

t-distribution value associated with type I error, 

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

tabulated t for probability 2(1-Q) where Q is the ,power of the 

test, 1- B. 

S2 - estimated experimental error, this is usually obtained from 

previous experiments. 

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

is the number pf treatment groups, and R the number of replicates. Successive 

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

the number of degrees of freedom assoicated with tabulated probability 

distribution value; depends on sample size. 
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Appendix B 

Catch data for fish guiding efficiency, 
vertical distribution, First and Second Powerhouse 

smolt sampling facilities, and orifice passage efficiency 
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Append ix Table Bl.--Numbers of fish collected in the individual replicates of STS FGE tests at 
Bonnev ille Dam Second Powerhouse, 1985 (tests conducted in July and August 
captured only subyearling chinook salmon). 

Date ani (test number)!Y 

3 May (1) 4 May (1) 5 May (1). 
Location SC YC sr CO SO SC YC ST CO SO SC YC ST CO SO 

Gatewell 174 17 15 186 20 18 149 11 6 
Gap Net 2 1 1 
Closure Net 97 9 10 85 13 21 58 3 4 
1st Level 34 1 37 5 4 38 3 6 
2nd Level 1 98 3 1 113 15 18 69 2 7 
3rd Level 1 57 6 1 49 13 20 36 3 6 
4th Leveili 1 57 3 33 9 9 12 3 3 
5th Lev elE! 2 9 6 6 3 3 

Totals .5 528 39 28 509 74 96 365 26 35 

6 May (1) 7 May (1) 8 May (2) 
SC YC ST CO SO SC YC Sf CO SO SC YC ST CO SO 

Gatewell 85 24 15 219 119 63 129 37 102 
Gap Net 2 1 4 4 
Closure Net 35 9 13 158 53 46 48 21 93 
1st Level' 22 4 5 63 15 16 29 13 46 
2nd Level 50 15 12 160 53 45 44 7 65 
3rd Level 36 9 12 88 46 29 22 6 46 
4th I..eveili 15 3 12 78 3 24 21 33 
5th LeveJY 15 12 3 

Totals 245 65 69 785 289 296 84 385 

9 May (2) 10 May (2) 11 Mal (3) 
SC YC ST co SO SC YC sr CO so SC YC ST CO SO 

Gatewell 201 30 58 2 158 31 82 133 33 71 
Gap Net 2 2 9 
Closure Net 1 77 13 41 1 68 12 46 3 63 16 60 
1st Level 38 6 16 1 30 8 26 1 32 15 36 
2m Level 1 85 9 30 2 62 10 39 2 60 11 55 
3rd Level 2 51 11 37 1 43 5 30 28 17 27 
4th u:vel!!! 24 36 27 3 9 3 24 6 18 
5th Levelbl 3 3 6 

Totals 4 481 69 221 7 394 69 232 9 342 98 276 
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AppenUx Table Bl.-Cont. 

Date am (test number ~ 

Location SC 
12 May (3) 

YC ST CO SO SC 
13 May (3) 

YC sr CO SO SC 
14 Mai: 

YC sr 
(4) 

CO SO 

Gatewell 
Gap Net 
Closure Net 
1st Level 
2m Level 
3rd Level 
4th Level!li 
5th LeveJJY 

3 
4 

1 

221 
18 
93 
39 
64 
63 
33 
15 

35 
4 

12 
8 

18 
9 

46 
4 

38 
15 
38 
29 
12 

8 

4 
1 
1 
1 

154 
11 
56 
45 
51 
51 
36 

38 

15 
4 
9 

11 

78 
14 
46 
33 
55 
37 
18 

1 

1 
3 
3 

175 
72 
94 
57 
92 
94 
39 

28 
10 
18 
12 
17 
20 

84 
52 
89 
57 

110 
110 
39 

Totals 9 546 86 192 15 404 77 281 8 623 105 521 

SC 
15 May (4) 

YC ST CO SO SC 
16 May (4) 

YC sr CO SO SC 
17 Mai: (4) 

YC sr CO SO 

Gatewell 
Gap Net 
Closure Net 
1st Level 
2m Level 
3rd Level 
4th LeveJY 
5th Levelld 

5 

2 
1 
1 
2 
3 

252 
86 

126 
99 

154 
125 

45 

46 
2 

16 
9 
9 

11 
3 

52 
33 
73 
39 
62 
52 
12 

8 
5 
4 
3 
4 
6 

166 
67 
61 
36 
69 
56 
33 

19 

9 

6 
6 

24 
8 

18 
5 

20 
15 
9 

2 
1 
1 
1 
1 
1 

226 
106 
145 
78 

138 
117 

57 

69 
10 
43 
28 
41 
38 
6 

40 
29 
50 
26 
59 
56 
12 

Totals 14 887 96 323 30 488 40 99 7 867 235 272 

SC 
18 Mai: (2) 

YC sr CO SO SC 
22 May (5) 

YC sr co SO SC 
24 Mai: 

YC sr 
(5) 

CO SO 

Gatewell 
Gap Net 
Closure Net 
1st Level 
2m Level 
3rd Level 
4th Levelb/ 
5th Lev eJ.£I 

5 
1 
1 
2 
4 
3 

237 
3 

103 
62 
76 
68 
42 

30 

21 
10 
23 
20 
3 

77 

65 
22 
70 
71 
21 

3 

2 
5 
5 
4 
6 

194 
3 

33 
36 
68 
53 
30 

63 

18 
22 
30 
32 
12 

38 
1 
6 
5 
8 
8 

51 
1 

26 
23 
67 
57 
27 

7 

2 
6 
6 
9 

119 

33 
26 
73 
47 
24 

67 

14 
22 
38 
35 

9 

26 

13 
2 
8 
4 

43 
3 

26 
28 
64 
64 
27 

Totals 16 591 107 326 25 417 177 66 252 30 322 185 53 255 
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Appem ix Table B1.-COnt. 

Date am (test number~ 

25 Mal (6) 26 May (6) 28 May (7) 
Location SC YC ST CO so SC YC ST CO so SC YC ST 00 SO 

Gatewell 14 240 50 35 40 53 119 67 39 111 108 33 9 23 
Gap Net 4 16 4 3 4 9 6 7 11 1 
Closure Net 6 46 10 3 23 23 36 14 27 35 38 19 4 15 
1st Level 11 33 18 4 20 11 28 24 23 20 30 18 2 12 
2m Level 25 79 15 3 55 63 59 17 55 33 59 20 3 35 
3rd Level 
4th lJ!veJ.!d 

36 
33 

82 
30 

15 
9 

6 
6 

45 
21 

50 
36 

59 
24 

32 
3 

82 
45 

37\ 31 
21 24 

17 
6 3 

34 
15 

5th Level2i 

Totals 129 526 121 60 208 244 331 157 268 268 290 113 21 135 

29 May (7) 30 May (8) 31 May (9) 
SC YC ST CO so SC YC ST CO SO Sc YC ST CO SO 

Gatewell 40 91 44 14 21 30 88 34 12 18 17 73 30 5 20 
Gap Net 4 2 4 4 1 3 11 15 2 3 
Closure Net 15 20 18 2 20 14 30 28 1 14 8 32 28 36 
1st Level 14 26 11 3 15 5 27 19 1 13 4 29 20 16 
2m Level 18 62 24 3 46 13 45 39 2 34 21 47 17 1 48 
3rd Level 28 58 20 2 41 22 42 22 1 42 4 62 23 3 50 
4th Level bl 
5th Level!!! 

3 33 12 18 9 36 9 21 3 12 15 

Totals 122 290 129 24 163 98 272 152 17 145 68 274 120 9 188 

1 June (10) 2 June (10) 3 June (10) 
SC YC ST CO SO SC YC Sf 00 so SC YC ST CO SO 

Gatewell 13 90 25 6 24 25 80 29 11 12 48 18 14 
Gap Net 7 18 6 12 7 23 4 3 5 17 1 5 
Closure Net 7 31 12 20 10 39 34 12 14 22 6 10 
1st Level 3 18 10 3 14 5 17 10 10 2 17 6 5 
2m Level 9 33 18 1 21 19 45 17 26 8 16 5 4 
3rd Level 10 26 10 21 10 40 18 23 8 11 3 11 
4th Level!d 
5th LeveJ2.1 

15 3 9 6 9 3 3 6 3 3 

Totals 49 235 82 10 121 82 253 112 88 52 137 42 52 
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B1.-Cont.!\pperxiix Table 

Date and (test number~ 

4 June (ll) 5 June (ll) 6 June (ll) 
Location SC YC ST CO SO SC YC ST CO SO SC YC ST CO SO 

Gate'Nell 21 151 24 123 9 31 125 18 88 10 56 48 18 34 1 
Gap Net 3 52 1 47 2 II 33 5 26 1 23 20 1 14 2 
Closure Net 15 42 22 29 9 13 24 6 18 4 20 8 7 7 
1st level 7 35 7 19 5 8 18 5 9 4 10 16 1 8 2 
2rxi Level 8 50 14 27 14 11 23 11 13 12 25 19 10 8 1 
3rd level 17 35 25 23 12 5 25 8 18 8 20 12 1 5 
4th levelP! 3 15 9 9 9 3 12 3 
5th leve12! 

Totals 74 380 96 277 60 79 257 53 172 43 166 126 38 76 6 

16 July (12) 16 July (13) 17 July (12) 
SC YC ST CO SO SC YC ST CO SO SC YC ST CO SO 

Gate'Nell 95 261 99 
Gap Net 2 8 1 
::losure Net 240 242 224 
1st Level 57 90 lOS!!! 
2m Level 249 240 26tJY 
3rd Level 288 207 24OE! 
~th Leve12! 315 105 19i!i 
5th LeveJ.!! 69 57-bl 

Totals 1315 1153 1182 

17 July (13) 18 July (12) 18 July (13) 
SC YC ST CO SO SC YC ST CO SO SC YC ST CO SO 

:atewell 168 83 232 
:ap Net 4 7 
:I.osure Ne, 150 104 176 
.st I.ev~ 99 27 57 
:rxi leve0! 273 87 123 
,rd Lev eJ!!! 213 90 84 
Ith levelbl 141 69 39 
ith levelP! 18 

Totals 1048 478 718 
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a,ppeniix Table B1.--Cont. 

.--

Date ani (test number~ 

19 July (12) 19 JulZ (13) 20 JulZ (14) 
Location SC YC ST CO SO SC YC -ST CO SO SC YC Sf CO SO 

~tewell 74 216 216 
;ap Net 6 6 4 
:losure Ne, 166 188 308 
1st Level2!/ 30 90 99 
2m Levelb 114 138 270 
3rd Levelb/ 105 114 201 
4th I.eve~ 51 36 198 
5th Leve])!! 15 

Totals 561 788 1356 

20 July (15) 21 July (14) 21 JulZ (15) 
SC YC ST CO SO SC YC ST CO SO SC YC ST CO SO 

:;atewell 195 173 141 
:;ap Net 5 3 10 
::I.osure Ne, 378 202 274 
lst I.evelb / 81 87 108 
~m Lev~ 459 202 354 
3rd LeveJ1Y 189 246 204 
+th I.eveJ!! 156 165 126 
>th LeveJJj 51 42 

Totals 1514 1098 1259 

22 JulZ (14) 22 July (15) 23 JulZ (14) 
SC YC ST co SO SC YC ST co SO SC YC ST co so 

atewell 126 164 92 

ap Net 7 2 3 

losure Net 144 222 104 

st Level 57 18 48 

m Level 192 258 159 

rd I.evel 171 174 174 

th LeveJ!! 102 120 87 

th I.eveJ1Y 24 


Totals 799 982 667 
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'Pperrlix Table Bl.--COnt. 

Date am (test rrum.ber~ 

.l)cation SC 
23 July (15) 

YC ST CO SO SC 
27 JulI (16) 

YC ST CO SO SC 
28 July (16) 

YC ST CO SO 

iatewell 
iap Net 
;].osure Net 
lst Level 
~m Level 
~rd Level 
+th LevelE! 
>th LevellY 

101 
3 

104 
33 

120 
III 
126 

54 

78 
5 

114 
36 

162 
123 
102 

209 
12 

224 
135 
291 
261 
150 

Totals 652 620 1282 

SC 
29 July (16) 

YC ST CO SO SC 
30 JulI (17) 

YC ST CO SO SC 
31 Julx: (18) 

YC ST CO SO 

iatewell 
iap Net 
:losure Net 
lst Level 
~m Level 
Ird Level / 
fth Leve~ 
ith Leve~ 

179 
18 

106 
51 

168 
114 

75 

157 
22 

106 
66 

198 
201 
120 

57 
36 
64 
33 

117 
81 
57 

Totals 711 870 445 

SC 
1 August (19) 
YC ST CO SO SC YC Sf CO SO SC YC Sf CO SO 

atewell 
ap Net 
losure Net 
st Level 
rrl Level 
cd Level 
th LevellY 
th Leve~ 

214 
97 

118 
69 

222 
177 
90 

Totals 987 

I Test numbers ocrrespond to those in Table 1, this report. 

I Only the middle net was fished at these levels. 
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Append ix Table B2.--Bonnev HIe Dam Second Powerhouse STS and streamlined trash 
racks comparison tests, July 1985. 

Test il Unit 

1 12A 

1 12B 

2 12A 

2 12B 

TESTS 111 I2A 8&S 

Replicate Gatewell 

1 95 
2 99 
3 83 
4 74 

Totals/averages 351 

TEST III 12B L&M 

Replicate Gatewell 
-------- -------

1 261 
2 168 
3 232 
4 216 

Totals/average 877 

BASIC TEST CONFIGURATION 

STS Elevation Trashrack Symbols 

Standard (S) Standard (8) S&S 

Lowered (L) Streamlined (M) 1&M 

Lowered (L) Standard (S) 1&S 

Standard (S) Streamlined (M) S&M 

ACTUAL TEST DATA 

Nets Total FGE 

220 1315 0.072 
1083 1182 0.084 

395 478 0.174 
487 561 0.132 

2185 3536 0.099 

Nets Total FGE 

892 1153 0.226 
880 1048 0.160 
486 718 0.323 
572 788 0.274 

2830 3707 0.237 
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Appendix Table B2.--Continued. 

TEST 112 12A 1.&S 

Replicate Gatewe11 Nets Total FGE 

1 216 1140 1356 0.159 

2 173 925 1098 0.158 

3 126 673 799 0.158 

4 92 575 667 0.138 


Totals/average 607 3313 3920 0.155 

TEST In 12B S&M 

Replicate Gatewe11 Nets Total FGE 

1 195 1319 1514 0.129 

2 141 1118 1259 0.112 

3 164 818 982 0.167 

4 101 551 652 0.155 


Totals/average 601 3806 4407 0.136 

DATA ANALYSIS 

The following comparisons should show whether or not the Lowered (L) condition 
for the STS is effective for all trashrack conditions: 

L&M vs S&M 

L&S vs S&S 


For which we have, 

L&M vs S&M 0.237 vs 0.136 

1.&S vs S&S 0.155 vs 0.099 


These comparisons show that the lowered (L) STS corXIition is more effective 
for all trashrack conditions, but it is much more so with the streamlined 
trashracks. 
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Appendix Table B2.--Continued. 

The following comparisons show whether or not the streamlined (M) 
trashrack condition is effective for both STS elevations. 

LlirM v s LlirS 

S&M vs S&S 


For which we have, 

LlirM vs 1.&S 0.237 vs 0.155 

S&M vs S&S 0.136 vs 0.099 


These comparisons show that the streamlined trashrack condition (M) is much 
better with the lowered (L) STS, but it is almost the same or slightly worse 
for the Standard (S) STS. 

The main effects studied by these tests were run in tandem. We can only 

access the relative improvement of a combination of conditions. Let Pl be 

the proportion of fish quiding under one condition and P2 the proportion 

guiding under the other cond ition. Let R denote the proportion of fish 

failing to guide under one condition which would guide under the other 

condition. Then, if we arbitrairily take P2 to be the best condition 

This expresses the guidance under one condition as being a sum of the guidance 

under the other condition plus an added guidance which applies to those fish 

that fail to guide under the other condition. 

The solution for R is, 

R ". 

which is a measure of the relative difference between the conditions. 
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AppenHx Table B2.--Continued. 

Because sample proportions PI and P2 are estimates of the population 

proportions PI and P2 an estimate of the relative difference, R1, would be, 

r = 

The standard error of this estimate is approximately; 

1 
s.e. (r)=

nl and n2 represent the total populations for the different test 

cond i tions. 

Using these data, estimates of R can be made for the following cases: 

Lowered & Streamlined vs Standard & Stamard 


L&M vs S&M 


0.237 - 0.136 
=- 0.117 

1- 0.136 

The lowered am streamline condition results in a 11.7% improvement over the 


standard and streamlined com ition. 


Calculation of the s.e. for this comparison is: 


0.237 (1-0.237) 0.136 (1-0.136)1 
+ (1-0.117)2s.e. (r) =--------

1 - 0.136 3707 4407 

s.e. (r) = 0.902 



Appendix 	Table B2.--Continued. 

II Lowered & Streamlined vs Stamard and Standard 

1&S vs S&S 

0.155 -	 0.099 
0.062 

1 - 0.099 

The lowered am stamard condition has a relative efficiency of 6.2% over the 
standard and standard com ition. 

1 0.155 (1-0.155) 2 0.099 (1-0.099) 
s.e. 	= (1-0.062) ------

1- 0.099 3920 3536 

s.e. = 0.977 

III Lowered and Streamlined vs Lowered and Standard 

1&M vs 1&S 

0.237 - 0.155 

= = 0.097 


1 - 0.155 


The lowered and streamlined cond i tion has a relative eff iciency of 9.7% 

over the lowered am standard condition 

1 o. 237( 1-0.237) 	 ··0.155(1-0.155) 
s.e. 	= + (1 - 0.097)2 ------

1 - 0.155 3707 3920 

s .e. = 0.965 
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AppenHx Table B2.--Continued. 

N Staniard 	ani Streamlined vs Staniard and Standard 

S&M vs S&S 

0.136 - 0.099 
= 0.041 

1 - 0.099 

The staniard and streamlined coniition has a relative efficiency of 4.1% with 

respect to the standard and standard cond ition. 

0.136 (1-0.136) 	 0.099 (1-0.099)1 
(1 - 0.041)2--------- s.e. = 

1 - 0.138 4407 	 2536 

s.e. =- 1.021 

In conclusion, the best condition would be the lowered STS and the streamlined 

trashrack. 

1.&M vs S&M 11.7% 


L&S vs S&S 6.2% 


L&M vs 1.&S 9.7% 


S&M vs S&S 4.1% 
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Appendfx Table B3.--Net catch data showfng the numbers of yearlfng chfnook salmon captured at varfous net 
levels durfng vertfcal dfstrfbutfon and STS FGE tests at BonnevIlle Dam second 
powerhouse durIng the 1983, 1984, and 1985 fIeld seasons. 

1983 1984 1985 
MIddle OutsIde MIddle Outs I de MIddle OutsIde 

Date net nets Date net nets Date net nets 

April 	 21 55 147 May 04 40 56 May 19 102 229 
22 70 99 05 21 59 20 79 198 
23 58 110 06 49 106 21 96 174 
24 27 47 Totals 277 601 = 31.5% 
25 10 20 Total s 110 221 = :33.2% April 23 116 230 

May 	 04 33 99 24 136 262 
05 48 108 May 04 26 52 25 126 248 
06 57 161 05 13 27 Totals 378 740 = 33.8% 
07 24 49 06 26 54 May 03 67 122 
24 51 106 04 76 123 
25 118 294 Total s 65 133 =32.8% 05 40 113 
26 29 54 06 42 66 

May 19 8 21 07 90 221 
Totals 580 1,294 = 30.9% 20 11 29 Totals 315 645 = 32.8% 

May 08 42 53 
May 	 09 46 92 Totals 19 50 = 27.5% 09 59 115 

10 63 152 10 47 88 
11 116 263 May 20 32 53 =37.6% 18 77 129 
12 150 292 Total s 225 385 =36.9% 
13 10 32 
16 79 195 May 11 44 76 
17 38 59 12 54 112 
18 122 303 13 58 89 
19 49 108 Totals 156 277 = 36.0% 

Total s 673 1,496 = 31.0% May 	 14 71 172 
15 128 250 
16 50 111 
17 115 213 
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Appendix Table B4.--Collectlon data of yearling and subyearllng chinook salmon for the Individual replicates of vertical distribution tests 
at Bonneville Dam Second Powerhouse. 1985. 

Test number and gatewell ( ). s~ecles. and condition tested 
Test 1 Test 2 Test 3 

Gai"ewel I 12A - year" ng ch Inook Gai"ewe I I 1 2B - year 11 ng ch Inook Ga i"ewe I I 1 2B - subyear II ng ch Inod<. 
standard trashrack streamlined trashracks streamlined trashracks 

Date 16 May 17 May 18 May Total % 19 May 20 May 21 May Total % 24 July 25 Ju I Y 26 Ju I y Total % 

Gai"ewell 106 137 94 337 17.6 272 231 228 731 18.5 103 89 55 247 9.1 

1st LeveltJl 165 228 126 519 27.1 388 347 302 1037 26.2 141 168 81 390 14.3 

2nd Levala/ 111 156 111 378 19.7 303 204 237 744 18.8 195 174 126 495 18.2 

3rd LeveltJl 18 105 78 201 10.5 198 126 156 480 12.1 162 138 81 381 14.0 

(Xl 
.p- 4i"h LeveltJl 39 84 45 168 8.8 183 108 96 387 9.8 180 159 96 435 16.0 

5th Levelal 42 87 36 165 8.6 135 57 108 300 7.6 183 81 105 369 13.6 

, , 
6i"h Levela/ 15 75 36 126 6.6 81 66 69 216 5.5 126 81 78 285 10.5 

7th Levelal 3 6 15 24 1.3 36 9 21 66 1.7 42 48 30 120 4.4 

Total s 499 878 541 1.918 1.596 1,148 1.217 3,961 1.132 938 652 2.722 



AppendIx Table 85.--Weekly and cumulatIve totels of fIsh captured by the random sampler In the Second Powerhouse DSM at Bonnevll Ie 
Dam, 1985. 

WEEKL Y TOTALS CUMULATIVE TOTALS 
"1 " "0" 1985 Hours "1" "0" Hours 

chIn. chIn •. Sthd. .CoIiO Sock• Total date fIshed chIn. chIn. Sthd. Coho Sock. Total ff shed 

No. ceptured 121 188 309 March 121 188 309 

No. examIned 120 154 274 6 120 154 274 

No. descaled 1 0 1 51 0 1 51 

No. mortalItIes 34 35 March 34 35 


%descaled 0.8 0.0 0.4 8 0.8 0.0 0.4 
% mortality 0.8 18.1 11.3 0.8 18.1 11.3 

No. captured 289 39 328 March 410 227 637 

No. examIned 289 30 319 11 409 184 593 

No. desceled 4 0 4 96 5 0 5 147 

No. mortalItIes 0 9 9 March 1 43 44 


%descaled 1.4 0.0 1.3 15 1.2 0.0 0.8 


00 % mortalIty 0.0 23.1 2.7 0.2 18.9 6.9 

VI 


No. captured 195 8 205 March 605 235 842 

No. exam Ined 194 5 201 18 603 189 1 794 
. , 
No. descaled 3 0 0 0 3 98 8 0 0 0 8 245 

No. mortalitIes 3 0 0 4 March 2 46 0 0 48 


% descaled 1.5 0.0 0.0 0.0 1.5 22 1.3 0.0 0.0 0.0 1.0 

% mortalIty 0.5 37.5 0.0 0.0 2.0 0.3 19.6 0.0 0.0 5.7 


No. captured 152 10 162 March 757 245 1,004 

No. exam Ined 151 10 161 25 754 199 955 

No. descaled 0 0 0 96 8 0 0 0 8 341 

No. mortalItIes 0 1 March 3 46 0 0 49 


% descaled 0.0 0.0 0.0 29 1.1 0.0 0.0 0.0 0.8 

% mortalliy 0.7 0.0 0.6 0.4 18.8 0.0 0.0 4.9 


l I. 

No. captured 116 13 130 AprIl 873 258 2 1,134 

No. examIned 115 13 129 1 869 212 2 1,084 

No. descaled 3 0 0 3 96 11 0 0 0 11 437 

No. mortelltles 1 0 0 1 Apr I I 4 46 0 0 50 


% descaled 2.6 0.0 0.0 2.3 5 1.3 0.0 0.0 0.0 1.0 
%mortellty 0.9 0.0 0.0 0.8 0.5 17.8 0.0 0.0 4.4 

_._----,--- ------. --~.-.---.,-.--. 



~ppenalx laDle ~~.--conT. 

WEEKL Y TOTALS CUMULATIVE TOTALS 

00 
(j\ 

. , 

"I" 
chIn. 

No. capTured 1,1 21 
No. examI ned 549 
No. descaled 7 

No. morT8/(Tres 4 
% descaled 1.3 
%morTalIty 0.4 

No. capTured 2,661 8 / 

No. examIned 1,122 
No. descaled 6 
No. mortalITies 15 

%descaled 0.5 
%mortalITy 0.6 

No. capTured 2,912 
No. exam I ned 693 
No. descaled 17 
No. morTalITIes 43 

% descaled 2.5 
%morTalITy 1.5 

No. captured 1,085 
No. examIned 699 
No. descaled 6 

No. morTalITIes 14 
% descaled 0.9 
%morTalIty 1.3 

No. captured 1,479 
No. exam I ned 752 
No. descaled 33 

No. morTalITIes 8 
% descaled 4.4 
%morTalITy 0.5 

"0" 
chIn. 

33 
29 
o 
4 

0.0 
12.1 

71 
69 
o 
2 

0.0 
2.8 

84 
83 
o 

0.0 
1.2 

14 
14 
o 
o 

0.0 
0.0 

10 
8 

o 
o 

0.0 
0.0 

SThd. 

23 
23 
o 
o 

0.0 
0.0 

142 
142 

2 
o 

1.4 
0.0 

206 
201 

3 
5 

1.5 
2.4 

70 
70 
1 
o 

1.4 
0.0 

215 
198 

4 

2.0 
0.5 

Coho 

7 
7 

o 
o 

0.0 
0.0 

18 
18 
o 
o 

0.0 
0.0 

8 
8 
o 
o 

0.0 
0.0 

31 
26 

1 
o 

3.8 
0.0 

Sock. 

o 
o 

0.0 
0.0 

32 
32 

2 

o 
6.3 
0.0 

284 
196 

40 
18 

20.4 
6.3 

TOTal 

1,177 
601 

7 
8 

1.2 
0.7 

2,881 
1,340 

8 
17 

0.6 
0.6 

3,221 
996 

20 
48 

2.0 
1.5 

1,209 
823 

9 

14 
1.1 

1.2 

2,019 
1,180 

78 
27 

6.6 
1.3 

1985 
daTe 

Hours 
fIshed 

"1" 
chIn. 

"0" 
chIn. SThd. Coho Sock. TOTal 

Hours 
fIshed 

AprIl 
8 

AprIl 
12 

84 

1,994 
1,418 

18 
8 

1.3 
0.4 

291 
241 

o 
50 

0.0 
17.2 

25 
25 
o 
o 

0.0 
0.0 

o 
o 

0.0 
0.0 

2,311 
1,685 

18 
58 

1 .1 
2.5 

521 

AprIl 
15 

April 
19 

69 

4,655 
2,540 

24 
23 

0.9 
0.5 

362 
310 

o 
52 

0.0 
14.4 

167 
167 

2 
o 

1.2 
0.0 

7 
7 
o 
o 

0.0 
0.0 

o 
o 

0.0 
0.0 

5,192 
3,025 

26 
75 

0.9 
1.4 

590 

April 
22 

AprIl 
26 

96 

7,567 
3,233 

41 
66 

1.3 
0.9 

446 
393 

0 
53 

0.0 
11.9 

373 
368 

5 
5 

1.4 
1.3 

25 
25 
o 
o 

0.0 
0.0 

2 

2 

o 
o 

0.0 
0.0 

8,413 
4,021 

46 
124 
1 .1 

1.5 

686 

AprIl 
29 

May 
3 

96 

8,652 
3,932 

47 
80 

1.2 
0.9 

460 
407 

o 
53 

0.0 

11.5 

443 
438 

6 

5 
1.4 
1.1 

33 
33 
o 
o 

0.0 

0.0 

34 
34 

2 
o 

5.9 
0.0 

9,622 
4,844 

55 

138 

1.1 

1.4 

782 

May 
6 

May 
10 

95 

10,131 
4,684 

80 
88 

1.7 
0.9 

470 
415 

o 
53 

0.0 
11.3 

658 
636 

10 
6 

1.6 
0.9 

64 

59 
1 
o 

1.7 
0.0 

318 
230 
42 
18 

18.3 
5.7 

11,641 
6,024 

133 
165 
2.2 
1.4 
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AppendIx Table B5.--cont. 

WEEKL Y TOTALS CUMULATIVE TOTALS 
"1" "0" 1985 Hours "1" "0" Hours 

chIn. chIn. Sthd. Coho Sock. Total date fIshed chIn. chIn. Sthd. Coho Sock. Total fIshed 

No. captured 1,921 77 209 55 441 2,703 May 12,052 547 867 119 759 14,344 
No. examIned 340 9 68 36 82 535 13 5,024 424 704 95 312 6,559 
No. descaled 22 o 3 o 9 34 93 102 o 13 1 51 167 970 
No. nortalltles 94 18 2 24 139 May 182 54 24 2 42 304 

% descaled 6.5 0.0 4.4 0.0 11.0 6.1 17 2.0 0.0 1.8 1 .1 16.3 2.5 
%nortallty 4.9 1.3 8.6 3.6 5.4 5.1 1.5 9.9 2.8 1.7 5.5 2.1 

No. captured 1,911 51 417 972 294 3,645 May 13,963 598 1,284 1,091 1,053 17,989 
No. examIned 800 47 414 770 269 2,300 20 5,824 471 1,118 865 581 8,859 
No. descaled 68 o 15 17 55 155 98 170 o 28 18 106 322 1,068 
No. mortalItIes 16 4 3 25 49 May 198 58 27 3 67 353 

% descaled 8.5 0.0 3.6 2.2 20.4 6.7 24 2.9 0.0 2.5 2.118.2 3.6 
% mortality 0.8 7.8 0.7 0.1 8.5 1.3 1.4 9.7 2.1 0.3 6.4 2.0 

00 
'-I 

No. captured 537 1,229 141 177 236 2,320 May 14, 500 1 , 82 7 1,425 1,268 1,289 20,309 
No. examIned 500 548 138 176 223 1,585 28 6,3241,019 1,256 1,041 804 10,444 

. , No. 
No. 

descaled 
nortalltles 

53 
5 

2 

22 
6 

3 
4 40 

13 
105 
44 May 

71 223 
203 

2 
80 

34 
30 

22 
4 

146 
EK> 

427 
397 

1,139 

%descaled 10.6 0.4 4.3 2.3 17.9 6.6 31 3.5 0.2 2.7 2.1 18.2 4.1 
%mortalIty 0.9 1.8 2.1 0.6 5.5 1.9 1.4 4.4 2.1 0.3 6.2 2.0 

No. captured 376 351 140 1,164 190 2,221 June 14,876 2,178 1,565 2,432 1,479 22,530 
No. examIned 331 349 139 454 183 1,456 3 6,655 1,368 1,395 1,495 987 11,900 
No. descaled 52 9 8 4 57 130 96 275 11 42 26 203 557 1,235 
No. mortalItIes 4 2 3 7 17 June 207 82 31 7 87 414 

%descaled 15.7 2.6 5.8 0.9 31.1 8.9 7 4.1 0.8 3.0 1.7 20.6 4.7 
%mortalIty 1.1 0.6 0.7 0.3 3.7 0.8 1.4 3.8 2.0 0.3 5.9 1.8 

No. captured 153 216 16 173 52 610 June 15,029 2,394 1,581 2,605 1,531 23,140 
No. examIned 148 215 14 172 45 594 10 6,803 1,583 1,409 1,667 1,032 12,494 
No. descaled 5 4 o 5 13 27 95 280 15 42 31 216 584 1,330 
No. mortalItIes 5 1 2 1 7 16 June ·212 83 33 8 94 430 

%descaled 3.4 1.9 0.0 2.9 28.9 4.5 14 4.1 0.9 3.0 1.9 20.9 4.7 
%nortallty 3.3 0.4 12.5 0.6 13.5 2.6 1.4 3.5 2.1 0.3 6.1 1.9 



WEEKL Y TOTALS CUMULATIVE TOTALS 

00 
00 

. , 

No. captured 
No. examined 
No. descaled 
No. roortalltles 

% desc81ed 
% roort a " ty 

No. captured 
No. eX8mlned 
No. desc81ed 
No. mort811tles 

%desc81ed 
%mortalIty 

No. captured 
No. eX8m I ned 
No. descaled 
No. roort811tles 

% descaled 
% roort811ty 

No. c8ptured 
No. examined 
No. desca Ied 
No. mort81'tles 

%descaled 
% mortalIty 

No. captured 
No. eX8mlned 
No. descaled 
No. roortelltles 

%desc81ed 
%roort811ty 

"1 " "0" 1985 Hours "1 " "0" Hours 
chin. chin. sthd. Coho Sock. Tot81 d8te fished chin. chin. Sthd. Coho Sock. Total fished 

16 101 1 37 4 159 June 15,045 2,495 1,582 2,642 1,535 23,299 
16 98 1 37 4 156 17 6,819 1,681 1,410 1,704 1,036 12,650 

2 o o o 3 96 281 17 42 31 216 587 1,426 
o 3 o o o 3 June 212 ·86 33 3 94 433 

6.3 2.0 0.0 0.0 0.0 1.9 21 4.1 1.0 3.0 1.8 20.8 4.6 
0.0 3.0 0.0 0.0 0.0 1.9 1.4 3.4 2.1 0.3 6.1 1.9 

318 8 3 330 June 15,046 2,813 1,582 2,650 1,538 23,629 
1 316 8 3 328 24 6,820 1,997 1,410 1,712 1,039 12,978 
o o o o o 96 281 17 42 31 216 587 1,522 
o 2 o o 2 June 212 88 33 8 94 435 

0.0 0.0 0.0 0.0 0.0 28 4.1 0.9 3.0 1.8 20.8 4.5 
0.0 0.6 0.0 0.0 0.6 1.4 3.1 2.1 0.3 6.1 1.8 

71 72 July 15,046 2,884 1,582 2,651 1,538 23,701 
70 71 1 6,820 2,067 1,410 1,713 1,039 13,049 

1 o 96 281 18 42 31 216 588 1,618 
o July 212 89 33 8 94 436 

1.4 0.0 1.4 5 4.1 0.9 3.0 1.8 20.8 4.5 
1.4 0.0 1.4 1.4 3.1 2.1 0.3 6.1 1.8 

201 13 215 July 15,046 3,085 1,583 2,664 1,538 23,916 
190 13 204 8 6,820 2,257 1,411 1,726 1,039 13,253 

2 o o 2 96 281 20 42 31 216 590 1,714 
11 o o 11 July 212 100 33 8 94 447 

1.1 0.0 0.0 1.0 12 4.1 0.9 3.0 1.8 20.8 4.5 
5.5 0.0 0.0 5.1 1.4 3.2 2.1 0.3 6.1 1.9 

16 748 15 700 July 15,062 3,833 1,583 2,679 1,539 24,696 
16 712 15 1 744 15 6,836 2,969 1,411 1,7411,04013,997 
o o o o o 96 281 20 42 31 216 590 1,810 
o 36 o o 36 July 212 136 33 8 94 483 

0.0 0.0 0.0 0.0 0.0 19 4.1 0.7 3.0 1.8 20.8 4.2 
0.0 4.8 0.0 0.0 4.6 1.4 3.5 2.1 0.3 6.1 2.0 



Append Ix Tab Ie B5.--cont. 

WEEKLY TOTALS CUMULATIVE TOTALS 
"1" "0" 1985 Hours "1" "0" Hours 

chIn. chIn. Sthd. Coho Sock. Total dtlte fIshed chIn. chIn. Sthd. Coho Sock. Total fIshed 

No. captured 11 1,069 10 1,090 Ju Iy 15,073 4,9:>2 1,583 2,689 1,539 25,786 
No. examIned 11 400 9 420 22 6,847 3,369 1,411 1,750 1,040 14,417 
No. descaled 5 0 6 98 282 25 42 31 216 576 1,908 
No. mortal (tIes 0 36 1 37 July 12 172 33 9 94 520 

%descaled 9.1 1.3 0.0 1.4 26 4.1 0.7 3.0 1.8 20.8 4.1 
% mortal (ty 0.0 3.4 10.0 3.4 1.4 3.5 2.1 0.3 6.1 2.0 

No. captured 356 11 367 July 15,073 5,258 1,583 2,700 1,539 26,153 
No. examIned 277 11 288 29 6,847 3,646 1,411 1,761 1,040 14,705 
No. desca I ed 8 0 8 101 282 33 42 31 216 604 2,009 
No. mortal (tIes 16 0 16 Aug. 212 188 33 9 94 536 

%descaled 2.9 0.0 2.8 2 4.1 0.9 3.0 1.8 20.8 4.1 
% mortalIty 4.5 0.0 4.4 1.4 3.6 2.1 0.3 6.1 2.0 

(l)' 
\.Q 

No. captured 
No. exam Ined 

27 
25 

27 
25 

Sept. 
3 

15,073 
6,847 

5,285 
3,671 

1,583 
1,411 

2,700 
1,761 

1,539 
1,040 

26,180 
14,730 

No. descaled 72 282 34 42 31 216 605 2,081 
. , No. mortalItIes 2 2 Sept • 212 19:> 33 9 94 538 

%descaled 4.0 4.0 6 4.1 0.9 3.0 1.8 20.8 4.1 
% mortalIty 7.4 7.4 1.4 3.6 2.1 0.3 6.1 2.1 

No. ctlptured 27 27 Sept. 15,073 5,312 1,583 2,700 1,539 26,207 
No. eXtlmlned 26 26 9 6,847 3,697 1 ,411 1,761 1,040 14,756 
No. descaled 0 0 96 282 34 42 31 216 605 2,177 
No. mortalItIes Sept. 212 191 33 9 94 539 

%descaled 0.0 0.0 13 4.1 0.9 3.0 1.8 20.8 4.1 
%mortalIty 3.7 3.7 1.4 3.6 2.1 0.3 6.1 2.1 

No. captured 14 14 Sept. 15,073 5,326 1,583 2,700 1,539 26,221 
No. examIned 13 13 16 6,847 3,710 1 ,411 1,761 1,040 14,769 
No. descaled 0 0 96 282 34 42 31 216 605 2,273 
No. mortalItIes 1 1 Sept. 212 192 33 9 94 540 

% descaled 0.0 0.0 20 4.1 0.9 3.0 1.8 20.8 4.1 
%mortality 7.1 7.1 1.4 3.6 2.1 0.3 6.1 2.1 



WEEKL Y TOTALS CUMULATIVE TOTALS 

"I" "0" 1985 Hours "I" "0" Hours 

chIn. chIn. SThd. Coho Sock. TOTal daTe fished chIn. chIn. SThd. Coho Sock. TOTal fIshed 

No. capTured 20 20 SepT. 15,073 5,346 1,583 2,700 1,539 26,241 
No. examIned 20 20 23 6,847 3,730 1,411 1,761 1,040 14,7B9 
No. descaled 1 1 96 282 35 42 31 216 606 2,369 
No. mortalITIes 0 ° SepT. 212 192 33 9 94 540 

%descaled 5.0 5.0 27 4.1 0.9 3.0 I.B 20.8 4.1 
%morTall'ty 0.0 0.0 1.4 3.6 2.1 0.3 6.1 2.1 

No. capTured 22 23 SepT. 15,073 5,36B 1,583 2,701 1,539 26,264 
No. exam Ined 22 23 30 6,B47 3,752 1,411 1,762 1,040 14,812 
No. descaled 0 1 79 282 36 42 31 216 607 2,448 
No. mortalITIes 0 0 0 OcT. 212 192 33 9 94 540 

% descaled 4.5 0.0 4.3 4 4.1 1.0 3.0 1.8 20.8 4.1 
% mortal l'ty 0.0 0.0 0.0 1.4 3.6 2.1 0.3 6.1 2.1 

No. capTured 78 80 OCT. 15,073 5,446 1,584 2,702 1,539 26,344 

\0 No. examIned 77 79 7 6,847 3,829 1,412 1,763 1,040 14,891 
0 No. descaled 2 0 0 2 96 282 38 42 31 216 609 2,544 

No. mortalITIes 1 0 ° Oct • 212 193 33 9 94 541 . \ %descaled 2.6 0.0 0.0 2.5 I 1 4.1 1.0 3.0 1.8 20.8 4.1 

% mort a " 'ty 1.3 0.0 0.0 1.3 1.3 3.5 2.1 0.3 6.1 2.1 

No. capTured 40 41 oct. 15,073 5,486 1,584 2, 703 1,539 26,385 
No. examIned 3B 39 15 6,847 3,B67 1,412 1,764 1,040 14,930 
No. descaled 1 0 1 72 282 39 42 31 216 610 2,616 
No. mortalITIes 2 0 2 OCT. 212 195 33 9 94 543 

% descaled 2.6 0.0 2.1 18 4.1 1.0 3.0 1.8 20.8 4.1 
% mortall'ty 5.0 0.0 4.9 1.4 3.6 2.1 0.3 6.1 2.1 

No. capTured 199 4 204 OcT. 15,073 5,6B5 1,584 2,707 1,540 26,589 
No. examIned 197 4 202 21 6,847 4,064 1,412 1,768 1,041 15,132 
No. descaled 5 0 0 5 96 282 44 42 31 216 615 2,712 
No. morTalItIes 2 0 0 2 OCT. 212 197 33 9 94 545 

% descaled 2.5 0.0 0.0 2.5 25 . 4.1 1.1 3.0 1.8 20.7 4.1 
%mortall'ty 1.0 0.0 0.0 1.0 1.4 3.5 2.1 0.3 6.1 2.0 
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~ppenalx laDle ~'.--cont. 

WEEKLY TOTALS CUMULATIVE TOTALS 
"1" 

ch'n. 
"0" 

ch'n. Sthd. Coho Sock. Total 
1985 
date 

Hours 
f'shed 

.. "1" 
ch'n. 

"0" 
ch'n. Sthd. Coho Sock. Total 

Hours 

f'shed 

No. captured 
No. exam'ned 
No. descaled 
No. mortel't'es 

% desceled 
%mortelfty 

108 
108 

4 

o 
'3.7 
0.0 

2 
2 
o 
o 

0.0 
0.0 

110 
110 

4 

o 
'3.6 
0.0 

Oct. 
28 

Nov. 
96 

15,07'3 
6,847 

282 
212 
4.1 
1.4 

5, 7f?J 

4,1 n 
48 

197 
1.2 
'3.4 

1,586 
1,414 

42 
'3'3 

'3.0 
2.1 

2,707 
1,768 

'31 
9 

1.8 
0.'3 

1,540 
1,041 

216 
94 

20.7 
6.1 

26,699 
15,242 

619 
545 
4.1 
2.0 

2,808 

No. captured 
No. examined 
No. desceled 
No. mortal't'es 

% descaled 
% mortal'ty 

102 
102 

2 

o 
2.0 
0.0 

o 
o 

0.0 
0.0 

o 
o 

0.0 
0.0 

104 
104 

2 

o 
1.9 
0.0 

Nov. 
4 

Nov. 
8 

96 

15,07'3 
6,847 

282 

212 
4.1 
1.4 

5,895 
4,274 

50 
197 
1.2 
'3.'3 

1,587 

1,4 '5 
42 
'3'3 

'3.0 
2.1 

2,707 1,541 
1,768 1,042 

'31 216 
9 94 

1.820.7 
0.'3 6.1 

26,803 
15,'346 

621 
545 
4.0 
2.0 

2,~4 

No. captured 
No. exem'ned 
No. desceled 
No. martel't'es 

% descaled 
%mortalfty 

124 
124 

o 
0.8 
0.0 

4 
4 
o 
o 

0.0 
0.0 

128 
128 

1 

o 
0.8 
0.0 

Nov. 
12 

Nov. 
15 

72 

15,07'3 
6,847 

282 
212 
4 •• 
1.4 

6,019 
4,398 

51 
197 
1.2 
3.3 

1,587 
1,415 

42 
'3'3 

'3.0 
2.1 

2,711 
1,772 

'31 
9 

1.8 
0.'3 

1,541 
1,042 

216 
94 

20.7 
6.1 

26,9'31 
15,474 

622 
545 
4.0 
2.0 

2,976 

No. ceptured 
No. exem 'ned 
No. desceled 
No. mortallt'es 

% descaled 
%martal'ty 

42 
42 
o 
o 

0.0 
0.0 

o 
o 

0.0 
0.0 

4'3 
4'3 
o 
o 

0.0 
0.0 

Nov. 
18 

Nov. 
19 

26 

15,07'3 
6,847 

282 
212 
4.1 
1.4 

6,061 
4,440 

51 
197 
1 .1 
'3.3 

1,588 
1,416 

42 
'3'3 

'3.0 
2.1 

2,711 
1,772 

'31 
9 

1.8 
0.'3 

1,541 
1,042 

216 
94 

20.7 
6.1 

26,974 
15,517 

622 
545 
4.0 
2.0 

'3,002 

No. captured 
No. exem'ned 
No. desceled 
No. mortel'tles 

% descaled 
%mortel'ty 

18 
18 
o 
o 

0.0 
0.0 

1 
o 
o 

0.0 
0.0 

19 
19 
o 
o 

0.0 
0.0 

Nov. 
25 

Nov. 
27 

50 

15,07'3 
6,847 

282 
212 
4.1 
1.4 

6,079 
4,458 

51 
197 
1 • 1 
'3.2 

1,589 
1,417 

42 
'33 

'3.0 
2.1 

2,711 
1,772 

'31 
9 

1.8 
0.'3 

1,541 
1,042 

216 
94 

20.7 
6.1 

26,99'3 
15,5'36 

622 
545 
4.0 
2.0 

'3,052 

al ~ampler removed +0 avoId large sprlnn r~'nodk salmon hatchery release. 
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Append ix Table B6.--Total salmonid passage estimates at Bonneville Dam Second 
Powerhouse DSH, 1985. 

Yearling Subyearling Total 
chinook chinook 'Coho Sockey~ all 

Week salmon salmon Steelhead salmon salmon s.pecies 

Uarch 6 3981 6185 0 0 0 10166 
11arch 13 5058 683 0 0 0 5741 
Harch 20 3335 137 17 0 17 3506 
Uarch 27 2660 175 0 0 0 2835 
April 3 2030 228 18 0 0 2276 
April 10 22420 660 460 0 0 23540 
April 17 64662 1725 3451 170 0 70008 
April 24 50960 1470 3605 315 18 56368 
May 1 18988 245 1225 140 560 21158 
t1ay 8 26178 177 3806 549 5027 35737 
Hay 15 34770 1394 3783 996 7982 48925 
May 22 32678 872 7131 16621 5027 62329 
Hay 29 12727 29127 3342 4195 5593 54984 
June 5 6580 6143 2450 20370 3325 38868 
June 12 2708 3823 283 3062 920 10796 
June 19 280 1768 18 648 70 2784 
June 26 18 5565 0 140 51 5774 
July 3 0 1243 0 18 0 1261 
July 10 0 3518 18 228 0 3764 
July 17 280 13090 0 263 18 13651 
July 24 188 18280 0 111 0 18639 
July 31 

Augus~ 
0 5910 0 183 0 6093 

Sept 4 0 629 0 0 0 629 
Sept 11 473 0 0 0 473 
Sept 18 0 245 0 0 0 245 
Sept 25 0 350 0 0 0 350 
Oct 2 0 469 0 21 0 490 
Oct 9 0 1365 18 18 0 1401 
Oct 16 0 932 0 18 0 950 
Oct 23 0 3483 0 70 18 3571 
Oct 30 0 1890 35 0 0 1925 
Nov 6 0 1785 18 0 18 1821 
Nov 13 0 2889 0 93 0 2982 
Nov 19 0 2713 65 0 0 2778 
Nov 26 0 605 34 0 0 639 

Totals 
290,501 120,246 29,777 48",289 28,644 517,457 

~ No samples were taken during month of August. 

92. 



~:Ix Table .B7.-sampl.irg data oollErtal duriIg tie first iri:emlve sanp1.iIg ~ at B:na1i11e DIn First ~ lR1, 1935. F!.slVmirute data for lun:s ~ m sample 
WlS t.alam \tHe det:ermiIB:l by a1~ tre preca:lirg anI ~irg luJrs. ESt:imatal fish ~ for ood:l sample ~ a:mpJtal by a1~irg tie fislv'lIlirut:e 
figures in b1.cx:i<s of tIuee anI IIIJldplyirg this a1~ by 00

ll!.t:e 8 Mly 1~5 
~-.-

Nl. 
Sa1p1e fish 

Saqll.e lergth aD
lwr (MLn.) sa1ple 

Ytmiirg Orlrr:x:k 

Total 
IllIiEr th. FBtJnataJ 
saJp1.e fislV fUh 
fish mirute ~ 

SteelllBi 

lb. Tocal 
fUh nurer Nl. Fat.:fImtal 
aD ID1p1e fi1:Jl/ fuh 

satple fish miruI:e Iassase 

am 

Nl. Total 
f:Uh IllliEr lb. Fstitmta:l 
aD saIple fish/ fish 

tBqlle fish mirute JRS&18e 

~ 

lb. Total 
fish nurer lb. FstinRtal 
aD saIple fll;hj fish 

SCl1ple fish miruI:e ~ 

lID 
lXXX> l) 31 
0100 l) 29 
om 12 22 
om l) 27 
Ota) l) 33 
om l) 16 
OOX) 13 l6 
om 

\0 
00l) l) 8 

w om l) 0 
.·urn l) 23 
lID ::n 12 

. , Ian l) 45 
rm l) 44 
Ita> l) m 
lilO l) 2B 
Ifill aJ ::n 
1m ::n ::n 
lim l) 9 
&D l) 22 
am l) 13 
2lOO 10 74
2m. ::n 23 
lID l) 43 
OlD 

12.9 
m 9.4 62B 
182 9.1 5~ 
111 9.3 m 
131 6.6 If)2 

173 8.7 If)8 

192 9.6 m 
255 6.7 It)8 

7.1 424 
Ita 7.4 If)4 

l)3 10.2 578 
225 11.3 624 
183 9.7 668 
2ltl 12.4 634 
192 9.6 6~ 
.B) 9.3 542 
164 8.2 476 
125 6.3 :ro 
99 5.0 lJ6 
(£) 3.0 2B2 

121 6.1 1>4 
82 4.1 954 

375 37.5 910 
rn 6.9 1114 
225 11.3 ~ 

10.8 

11.4 
12 1J7 5.4 ~ 

6 61 3.1 234 
8 l3 3.2 128 
3 l) 0.1 98 
4 31 1.6 62 
1 27 1.4 10 
2 l) 0.5 il 

0.6 36 
0 14 0.7 '*2 
0 15 0.8 .liJ 
1 16 0.8 44 
1 11 0.6 ~ 
0 22 1.1 72. 
1 37 1.9 78 
0 17 0.9 10 
1 13 0.7 54 
2 22 1.1 l() 

1 3 0.2 1) 

0 3 0.2 l() 

3 32 1.6 52 
2 17 0.8 lfJ2 

24 m 22.2 ~ 
2 lb 2.3 ~ 

11 93 4.7 186 
2.3 

1.3 
1 6 0.3 13 
1 5 0.3 ~ 
0 8 0.7 32 
1 12 0.6 34 
0 8 0.4 22 
0 1 0.1 18 
1 14 0.4 16 

0.3 16 
0 2 0.1 14 
0 6 0.3 12 
1 3 0.2 18 
2 8 0.4 l) 

0 18 0.9 to 
1 14 0.7 44 
0 11 0.6 1) 

0 4 0.2 l) 

2 14 0.7 1) 

1 12 0.6 34 
2 8 0.4 28 
2 11 0.6 24 
1 3 0.2 &> 
9 35 3.5 96 
5 22 1.1 112 
3 19 1.0 52 

0.5 

1.5 
6 l() 2.0 % 
6 ~ 1.3 82 
0 10 0.8 68 
2 25 1.3 ~ 
5 15 0.8 72. 
2 l) 1.5 (£) 

7 27 0.7 !B 
0.7 l() 

1 11 0.6 l6 
0 22 1.1 48 
3 14 0.7 ~ 
1 ::n 1.0 ~ 
5 23 1.2 72. 

10 28 1.4 aJ 
3 28 1.4 74 
6 17 0.9 74 
5 2J 1.4 ffi 
5 19· 1.0 78 
2 29 1.5 112 

16 61 3.1 172. 
13 79 4.0 516 
2J lB7 18.7 If)8 

12 43 2.2 I+XJ 
9 51 2.6 124 

1.4 

24-hour total 13,~ 3,462 002 3.al) 



1!pperdix Thble B7.--<brdn.a1. 

http:B7.--<brdn.a1


fWerdix Thble B7.--<lrtinB:1. 



~:ix Table B7.-<brdrurl. 



.iWenlix 'lBble B7.-Qrt:i.nul. 



~"l:Ix Thhle B7.-G:>rdn.al. 

lllt:e 22 Mly 1~5 
'iml.irg !hi.nxk _.__ . St:aillmi Cl:b:> &x:keJe 

lb. 'lbtal lb. Total N:>. Total lb. Total. 
&ltp1.e fish numr N:>. EStiIIBta:I fun n.J.liE" N:>. lSt::fnBta.J fiSl ~ N:>. Fst:inatai fun rud:er lb. FBtiImtal· 

Sarp1e lergth aD smple ftSl/ fish aD saIp1.e ftS:V fish aD smple ftSl/ fish aJb sa!ple fistV fish 
twr (MLn.) fXIlllle fish mirute PJSSEI&e salple fiS1 mirute JlISSCISe satple fiSl mirute Ims:Jge SCJ1Ple fiS1 mirute ~ 

zm 14.0 6.4 15.0 2.2 
am a:> ~ 199 ID.O ~ 5 iQ 3.5 228 24 184 9.2 534 8 00 3.0 148 
0100 a:> 11 10> 5.3 lfJ4 7 29 1.5 142 5 lfJ 2.5 :D2 0 43 2.2 154 
om a:> :D 187 9.4 544 6 42 2.1 110 7 67 3.4 1% 14 1> 2.5 m 
om a:> :}3 2lfJ 12.5 002 4 :J3 1.9 ~ 10 78 3.9 lffi 2 44 2.2 124 
Oloo a:> 33 163 8.2 ~ 5 17 0.9 78 7 41 2.1 182 1 29 1.5 102 
om a:> 15 154 7.7 ff)2 0 21 1.1 84 12 61 3.1 224 4 2B 1.4 68 
00l) a:> 29 374 18.7 l.laJ 2 43 2.2 1)4 11 119 6.0 (iJ8 0 10 0.5 00 
om ID :J3 1210 124.6 3196 3 119 11.9 3.al 29 243 24.3 1034 4 25 2.5 66 
(.ID) I) ID 165 16.5 3168 2 19 1.9 314 14 214 21.4 123) 0 3 0.3 68 

1.0 
00 

!IDJ 
1(00 ID 6 lBl 

17.3 
lB. 1 

l():J3 

~4 1 19 
1.9 
1.9 

114 
93 8 1)1 

15.8 
ID.l 

910 
75l. 0 8 

0.6 
0.8 

34 
ro 

1100 10 6 143 14.3 924 0 11 1.1 86 8 ID7 ID.7 618 1 a> 2.6 100 
1m 13.8 828 1.3 78 ID.l fa, 2.0 118 
rm 10 aJ 133 13.3 sa> 0 15 1.5 72 ID 95 9.5 :i>4 3 13 1.3 114 
llOO 10 14 rJJ 13.9 aD 1 8 0.8 74 11 86 8.6 lfJ6 2 24 2.4 lID 
1m 16.8 l<m 1.4 84 6.7 lD4 1.8 lOS 
](ffi 15 28 295 19.7 %4 3 :D 2.0 ro 3 T3 4.9 296 2 16 1.1 78 
lim a:> 32 234 11.7 8~ 2 11 0.6 74 6 63 3.2 2a) 8 a:> 1.0 $ 
lim aJ 1) 229 11.5 m 1 22 1.1 13 7 ~ 2.9 ltD 0 14 0.7 54 
&X) a> 6 :J3 1.9 :D2 0 3 0.2 fi) 6 17 0.9 92 2 a:> 1.0 74 
am aJ 5 33 1.7 232 1 14 0.7 194 0 16 0.8 ~ I) 1) 2.0 684 
,2100 a:> 19 1~ 8.0 754 21 175 8.8 :ro 31 224 11.2 1452 ID7 623 31.2 824 
2m 5 23 1l() ~.O ~ 6 ~ D.O l6) 35 m 00.6 1824 4 tD 8.0 824 
zm 5 8 ~ 12.0 ID16 2 26 5.2 lS2 15 97 19.4 1662 1 10 2.0 2lS 
oo:x> ID.B 2.9 3.1 1.8 

24-hour total 24,91> 3,942 14,0CJ8 4,4$ 

http:B7.-G:>rdn.al


~rd:lx Table B7.-<l:rt:in.al. 

http:B7.-<l:rt:in.al


A{:p:ml:Jx 'Iable IJ3.-6anp1irg data oollectal durirg tiE aemnl itterBtve sanpl.:f.rg p:rlal at 1inBJ1ll.e IBm First ~!EM, 1935. Fislv'min.t:e data fer luJ[S vten ro sample %as 

taken ~ det:enn:iml by a1~ t.te pnnrl~ am suxmUlg lu..lrs. FBt:imata:i fish ~ for €SCh sample le> c.c:IIlplt.Erl by a1~ f:l.slv'm:irute ~-in 
hl<xks of three ani IlUltiplyiIg this a7~ by fA 

~chin:xk ~ch1nxk 

IBte 22.lJly 1~5 IBte 23 July NJ5 
th. 1btal lb. 'lbtal 

Sllple fish IllliEr lb. ~ &nple fiEh ~ lb. Fstirmtai 
Saql1e 1.eq¢l SIb saqll.e f:iBtV fish 1ergt:h slD smp1.e fi9J/ fish 
lwr (Min.) fDIPle fish mfrute ~ (MLn.) saJp1e fish m1rute ~ 

2lXl (6.8 1.18.0 
am 10 84 l)3 36.3 161O 7 83 295 42.1 4174 
om 7 76 :m 45.7 2474 7 99 3lD !B.6 a)14 
am 7 71 292 41.7 2li6 7 n 2ID 1O.0 2712 
031) 10 n 3J) 1>.9 2578 10 135 475 47.5 ~2 

Otro 7 107 JJ4 ~.3 3292 7 151 4~ 65.5 3118 
O'D.> 5 94 'J37 77.4 lOll 8 ~ 342 42.8 lHJ2 
(XiX) 73.1 4136 3 66 374 124.7 4:m 

...... 0iU) 
"g. am 

<ro1 

5 
5 
5 

122 
la) 

241 

344 
364 
955 

68.8 
n.8 

191.0 

42!B 
(652 
9:m 

5 
15 
12 

42 
35 
89 

247 
2iU 
4a> 

18.4 
18.0 
35.0 

l342 
al48 
l!i8 .. 1W) 5 423 1011 :D2.2 %~ 5 115 522 110.4 63~ 

1100 1.5 !B 134 00.3 !B22 2 $ 345 172.5 n'52. 
lJll 2.5 118 374 149.6 1UXi8 3 n 314 104.7 10474 
llXl 2 225 52} l>4.5 12~ 2 117 183 2'6.5 lB44 
Ita) 3 135 647 215.7 12374 1 55 191 191.0 1J£ro 
I'D.> 2 78 2n m.5 9104 2 71 294 147.0 85~ 

lfm 4 143 l()4 101.0 iUl) 2 a) 179 89.5 ~ 
1m 2 105 227 ID.5 4]f£, 5 '52. 299 ~.8 ~ 
l8l) 9 68 229 25.4 3518 4 iU :&l 72.5 3W 
ro> 6 63 222 37.0 153) 13 52 :m 'l3.7 2142 
am :D 91 2B2 14.1 18~ :D 41 217 10.9 1794 
2100 5 84 :m 41.8 3)78 11 172 fa) 55.1 418) 
zm 2 78 2~ 128.0 )1$ 2 81 2a) 143.0 6222 
2l)) 2 66 2l) 118.0 5162 2 57 laS 113.0 7fa) 
QXX) 42.1 72.1 

24-hour total 137,541 125,016 

http:sanpl.:f.rg


~niix Thble ffi.-<bJ.1:irurl. 

9.byearlirg ch:inxk &.tJ:jmrlirg chinxk. 

IBte 24 July 1985 lBte 25 July 1985 
lb. 'lbtal N:>. Total 

Saqlle fish ~ N:>. EBtiuBtal SlJp1e fish IlIIiEr Nl. FBt:I:nBt.al 
Sa!p1e l.ergth Slb satple fisty' fish lergth Slb saIll1e fiJ# f.fSl 
ln1r (Ml.n.) &!Ipl.e fish mirute ~ (Min.) saqlle fish mf.n.t:e ~ 

zm 113.0 laS.O 
<XU) .72.1 4313 10 ~ Iil3 46.3 4100 
0100 7 68 218 31.1 1554 7 44 W 32.7 2282 
am 7 145 2JJ.7 1772 10 99 351 35.1 2££2 
om 10 75 :})8 :}j.8 :an 3 41 199 tn.3 2916 
()lOO 6 72 365 60.8 2928 5 63 222 44.4 35aS 
om 5 53 244 ta.8 3542 5 76 328 65.6 li!B) 

oo:D 4 41 270 67.5 :})82 3 111 m 133.0 ~n 

om 4 31 271 67.8 :m> 3 41 285 95.0 6348 
om 5 55 :m 00.0 3l6) 5 65 447 89.4 4142 .... 

0 croJ 5 lJ 2l) 45.2 25lO 6 17 l:}) 22.7 '062 ...... KID 5 44 100 21.8 1478 10 ~ 2fJJ 26.0 lOO4 
1100 17 D 117 6.9 872 4 19 184 l[).o l&l8 
laD 15 45 224 14.9 1512 8 16 171 21.4 35:E 
lJl) 13 1£1) iU) 53.8 9954 4 95 413 VJ.5 7lJl 
1lQ) 1 174 429 429.0 15316 1.5 75 :ill 2l{).7 12&34 
I'D) 1 133 :m m.o 1755) 1 61 294 294.0 laS14 
100) 2 87 331 165.5 1<ml 3 78 2m 96.0 J.01)4 
1M! 2 '57 D1 ID.5 6700 1.5 25 172 114.7 m2 
Jal) 3 00 216 72.0 JJ36 7 81 293 41.9 35~ 
&l) 9 71 219 24.3 Z!B 11 43 2l) D.9 16iD 
am D 64 282 14.1 D28 13 43 2~ 19.2 2182 
2100 
zm 

8 
1 

117 
iQ 

~ 
3a) 

63.0 
326.0 

00>2 
J.OlX) 

10 
2 

lfD 
85 

(JX) 

ll6 
(JJ.o 

l83.o 
5424 
7'HJ 

2D) 3 73 3/8 laS.O 9%6 2 43 232 116.0 7612 
UXD 46.3 81.6 

24-hour total m,995 122,634 



Appendix Table B9.--0rlflce passage efficiency (OPE) tests conducted at Bonneville Dam First Powerhouse, 1985. All tests were 24 h In 
duration with approximately 2.6 feet of head on the orifice. Individual replicates <200 fish of a given species or 
race 	were not used for statistical evaluation. 

Yearling chinook Subyearllng chinook Steel head Coho 	 Sockeye 

Trap Total % Trap Total % Trap Total % Trap Total % Trap Total % 
Date catch catch OPE catch catch OPE catch catch OPE catch catch OPE catch catch OPE 

Test 1.--14" diameter orifice, BFVBS, w/o closure plates 

22-23 Apr. 645 780 82.7 8 8 100.0 84 121 69.4 71 72 98.6 o o 
24-25 Apr. 789 948 1:33.2 13 13 100.0 105 161 65.2 35 38 92. I o o 
29-30 Apr. 493 632 78.0 8 8 100.0 160 192 83.3 26 29 89.7 11 12 91.7 
2-3 May 479 643 74.5 8 15 53.3 183 218 83.9 21 24 87.5 72 77 93.5 
5-6 May 506 530 95.5 12 14 85.7 226 252 89.7 49 ~ 100.0 --.il -21 82.5 

Totals 2,912 3,533 82.4 49 58 84.5 758 944 80.3 202 212 95.3 130 146 89.0 

...... 	 Test 11.--14" diameter orifice, BFBVS, w/closure plateso 
N , 

'21-22 Apr. 559 874 64.0 3 3 100.0 64 83 77.1 29 34 85.3 1 1 100.0 
23-24 Apr. 641 784 81.8 6 6 100.0 118 160 73.8 35 35 100.0 o o., 	 28-29 Apr. 571 674 84.7 1 1 II 100.0 161 207 77.8 28 30 93.3 21 23 91.3 
30 Apr.-I May 592 657 90.1 8 8 100.0 166 223 74.4 40 42 95.2 18 20 90.0 
1-2 May 430 490 87.8 16 16 100.0 112 145 77.2 25 26 96.2 47 --i2. 95.9 

Totals 2,793 3,479 80.3 44 44 100.0 621 818 75.9 157 167 94.0 87 93 93.5 

Test I I 1.--14" diameter orifice, BFVBS, w/o closure plates, orifice light off 

6-7 May 456 539 84.6 16 16 100.0 321 342 93.9 34 42 81.0 J!.! ~ 97.6 

Totals 456 539 84.6 16 16 100.0 321 342 93.9 34 42 81.0 81 83 97.6 

Test IV.--14" diameter orifice, BFVBS, wlo closure plates, orifice light on 

7-8 May 532 624 85.3 24 25 96.0 .331 .350 94.6 28 35 80.0 85 97 87.6 
12-13 May 824 964 85.5 47 53 88.7 373 399 93.5 55 60 91.7 219 239 91.6 

Totals 1,356 1,588 85.4 71 78 91.0 704 749 94.0 83 95 87.4 304 336 90.5 



• • • • • 

Appendix Table B9.--Cont. 

Yearling chinook Subyearllng chinook Steel head Coho Sockeye 

Trap Total Trap Total Trap Total Trap Total Trap Total 
Date catch catch OPE catch catch OPE catch catch OPE catch catch OPE catch catch OPE 

Test V.--14" diameter orifice, SVBS, w/o closure plates 

20-21 May 1,252 1,330 94.1 87 89 97.8 827 850 97.3 1,247 1,388 89.8 374 399 93.7 
28-29 May 1,163 1,195 97.3 225 239 94.1 643 666 96.5 436 446 97.8 508 518 98.1 
30-31 May 787 839 93.8 123 130 94.6 445 463 96.1 . ·319 . 332 96.1 421 433 97.2 

Totals 3,202 3,364 95.2 435 458 95.0 1,915 1,979 96.8 2,002 2,166 92.4 1,303 1,350 96.5 

Test VI.--14" diameter orifice, SVBS, w/closure plates 

19-20 May 1,438 1,561 92.1 58 63 92.1 997 1,046 95.3 710 747 95.0 363 397 91.4 
21-22 May 1,584 1,697 93.3 74 85 87.1 950 986 96.3 1.082 1,148 94.3 413 430 96.0 
29-30 May 1,176 1,227 95.8 150 173 86.7 417 427 97.7 597 619 96.4 688 737 93.4 
31 May-I Jun 275 330 83.3 108 122 88.5 119 127 93.7 78 80 97.5 109 109 100.0 

..... 
o Totals 4,473 4,815 92.9· 390 443 88.0 2,483 2,586 96.0 2,467 2.594 95.1 1,573 1.673 94.0 ~ 

Test· VII. --14" diameter or I f Ice. SVBS, w/c I osure plates, or If Ice "ghts off 

21-22 Jut 7 7 100.0 1,444 2,080 69.4 o o 26 35 74.3 7 7 100.0 
22-23 Jul o o 3,965 5,362 73.9 o o 1 11 9. 1 Q.. 0.0 

Tota Is 7 7 100.00 5,409 7,442 72.7 o o 27 46 58.7 7 8 87.5 

Test VIII.--14" diameter orifice, SVBS, w/closure plates, orifice lights on 

23-24 Ju I o o 2,719 3,714 73.2 o o o 10 0.0 o o 
24-25 Jul o o 2,123 3,567 59.5 o o o 16 0.0 o 0.0 

Totals o o 4.842 7,281 66.5 o o o 26 0.0 o 0.0 

Test IX.--12" diameter orifice, SVBS, w/closure plates 

28-29 Jul o o 153 390 39.2 o o o o o o 
29-30 Jul o o 219 268 81.7 1 100.0 8 9 88.9 3 3 100.0 
30-31 Ju I o o 137 174 78.7 o o o o o o 
31 Ju I -1 Aug o o 110 130 84.6 o o ..Q ...9 Q... .Q.. 

Totals o o 619 962 64.3 100.0 8 9 88.9 3 3 100.0 


