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Conversion Factors, Non-Sl to
S| Units of Measurement

Non-SI units of measurement used in this report can be converted to SI units
as follows:

Multiply By To Obtain
degrees (angle) 0.01745329 radians
feet 0.3048 meters

cubic feet / second (cfs) 0.0283 cubic meters / second




Summary

2000 Research

This study was one of many investigations of the U.S. Army Engineer
District, Portland (CENWP) to resolve critical uncertainties in the
implementation of surface-collector technologies at Bonneville Dam. The
program is described in detail in a comprehensive Monitoring and Evaluation
Plan developed by the District. Other research efforts in 2000 included a U.S.
Geological Survey (USGS) radio-telemetry study of yearling chinook and
steelhead passage. The Pacific Northwest National Laboratory (PNNL)
evaluated approach behavior and fish distributions using multi-beam and split-
beam sonar techniques in front of the Prototype Surface Collector (PSC) entrance
at Unit 5. A joint effort by PNNL and USGS investigated behavior of tagged
yearling chinook as they approached the project using three-dimensional sonic
tag technologies.

Based upon results from 1998 and 1999, the PSC slot configuration for 2000
consisted of a constant 20-ft wide slot width for all six PSC units. The primary
effects evaluated in 2000 were weekly changes throughout spring and summer in
a variety of fish passage measures, including numbers passing into and under the
PSC, efficiency, effectiveness, diel patterns, and horizontal and vertical patterns
of distribution.

Goals

The primary goal of this study was to resolve critical uncertainties in the
implementation of surface collection at Powerhouse 1 of Bonneville Dam by
testing the efficiency of a 6-unit version of the PSC. The secondary goal was to
resolve critical uncertainties in the implementation of extended-length
submersible bar screens (ESBSs) at Powerhouse 1.

Objectives

a. Estimate the number of fish entering the PSC above the floor elevation at
all six PSC slot entrances and the number passing through the PSC based
upon in-turbine sampling at all 18 intakes of Units 1-6.

b. Estimate the number of juvenile salmon passing under the PSC and into
the 18 intakes of Units 1-6.
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c. Test for significant changes in the number of fish entering and passing
under the PSC among weeks each season.

d. Estimate fish passage efficiency (FPE) for each of the PSC units and for
the entire PSC by season and week, where efficiency is the number of fish
passing into the PSC divided by the number entering and passing under
the PSC.

e. Estimate fish-passage effectiveness for each of the PSC units and for the
entire PSC by season and week, where effectiveness is the ratio of the
proportion of fish collected to the proportion of water collected.

/. Compare the number of fish collected by the PSC and prototype FPE with
hydroacoustic estimates of fish passage and guidance efficiency in Units
7,9, and 10 with submerged traveling screens and Unit 8 with an ESBS.

g. Compare estimates of collected fish based upon in-turbine sampling with
estimates based upon entrance sampling with split-beam transducers.

h. Describe diel patterns of fish passage, efficiency, and effectiveness for
each season and the horizontal distribution of passage among the six PSC
slots.

i. Continuously sample numbers of fish passing above and below an ESBS
at Unit 8 with fixed-aspect hydroacoustics and estimate fish passage and
fish guidance efficiency (FGE) for spring and summer.

Jj. Compare hydroacoustic and netting estimates of fish passage and FGE in
spring and summer.

k. Estimate the vertical distributions of salmon immediately downstream of
trash racks and upstream of the ESBS in spring and summer.

. Compare the vertical distributions and smolt numbers and trajectories
immediately downstream of trash racks with vertical distributions
sampled upstream of trash racks and FGE estimated by netting.

m. Integrate all findings in an attempt to explain decreasing FGE in late
spring and summer.

Materials and Methods

Equipment and calibrations

PSC Units 1-6 and Turbines 7-10 were sampled with nine hydroacoustic
systems. Each system consisted of an echosounder, cables, transducers, an
oscilloscope, and a computer system. The 420 kHz, circular, single- or split-
beam Precision Acoustic Systems (PAS) transducers were controlled by PAS 103
echosounders and Hydroacoustic Assessments’ HARP software running on
Pentium-class computers.



Before deployment, all hydroacoustic equipment was transported to Seattle,
WA, where PAS electronically checked the echosounders and transducers and
calibrated the transducers using a standard transducer from the U.S. Navy. After
calibration, receiver gains were calculated to equalize the output voltages among
transducers for on-axis targets ranging in hydroacoustic size from -56 to -36 dB ||
4zm” . Lengths of fish corresponding to that acoustic size range would be about
3.3 and 38.1 cm long, respectively, for fish insonified within 21° of dorsal aspect
(Love 1977).

Sampling the PSC

Two different approaches were used to sample smolt passage at the PSC
Units (1-6). The first was based upon in-turbine deployments and sampling with
single-beam transducers, and the second relied on split-beam deployments and
sampling in the forebay immediately upstream of PSC slot entrances.

In each of 18 intakes downstream of the PSC, one 7° single-beam transducer
was mounted at the top of Trash Rack 1 and aimed straight down 11° off the
plane of the trash racks. Fish passing through the beam above an elevation 0.5 m
below the top of the PSC floor were classified as collected by the PSC, and those
passing through the beam at greater ranges were classified as passing under the
PSC. The down-looking beams had a blanking distance of 1 m and limited
detectability in the first 3 m, and they also could not sample the shallow sluice
opening (mean depth = 0.61 m) inside the center slot of every PSC unit. All
single-beam transducers had a pulse repetition rate of 14 pings per second and
sampled 20 1-minute intervals per hour.

Slot entrances at center intakes of PSC Units 1, 2, 4, 5, and 6 were sampled
with 6° split-beam transducers. A team of PNNL researchers sampled the slot
entrance at Unit 3. Opposing split-beam transducers were mounted at the top and
bottom of a 45-ft tall frame. The lateral position of the transducer pair on the
frame was chosen at random so that the pair would sample the north, center, or
south third of the 20-ft slot entrance. The frames were deployed by crane and
rested on horizontal crossbeams that tied the front of the A and C modules of the
PSC together at several elevations. At each slot entrance, the deep transducer
was aimed upward 6° upstream off the plane of slot entrance to count fish near
the upper half of the slot. The shallow transducer was aimed downward 6°
upstream of the plane of the entrance to count fish entering the bottom half of the
slot. Fish passage estimates through every slot were based on counts of fish
traces with trajectories into the PSC and average displacements > 1 cm / ping.

Counts from the PSC slots were considered to be guided fish as an alternative
to the guided counts derived from the upper portion of the single-beam trans-
ducers within each PSC turbine intake. Thus, there were two competing estima-
tors of collection efficiency depending on the source of the estimate of guided
numbers. Unguided numbers were always obtained from counts of fish passing
through the deep portion of the in-turbine beams. Vertical distribution estimates
in the forebay were obtained by counting fish within 1-m strata in the upper
portion of the up-looking split-beam > 6.5 m from that transducer and in 1-m
strata in the down-looking split-beam from 6.5 to 25 m from the down-looking
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transducer. All split-beam transducers had a pulse repetition rate of 10 pings per
second and sampled 20 1-minute intervals per hour.

Sampling Units 7, 9, and 10

At turbine Units 7, 9, and 10, hydroacoustic sampling was performed within
one of three randomly selected intake slots per turbine. In Units 7 and 9,
7° single-beam transducers, one upward- and one downward-angled, were placed
in the selected slots to monitor guided and unguided passage, respectively. An
identical deployment was made in Unit 10, except that the transducers were
6° split-beams. Sampling was for 20 1-minute intervals per hour per transducer
location, and the pulse repetition rate was 14 pings per second for each
transducer.

Sampling Unit 8

At Unit 8, the center slot with an ESBS was sampled with an upward- and a
downward-angled, 6° split-beam transducer to estimate guided and unguided
numbers, respectively. Sampling was continuous, 60 minutes per hour, and the
pulse repetition rate was 16.7 pings per second for each transducer.

Fish tracking

Since the hydroacoustic sampling effort on Bonneville Dam was so extensive
and generated such a large volume of data (156 Gigabytes) in 2000, it was
impossible to manually track enough data to make reliable FPEs with available
staff. Therefore, autotracking software developed over the last 3 years by the
Fisheries Field Unit and the ERDC/EL was relied on to process raw data into
tracked fish observations. Although the autotracker was a very efficient analysis
tool, its performance had to be continually verified with respect to trained human
trackers. Five human trackers were employed. They received extensive training
on raw hydroacoustic data from previous years before the 2000 tracking season
began. The autotracker was evaluated by comparing its counts to those of several
human trackers who all processed the same sample data sets. This approach was
used because fish counts, even for the same files, can vary widely among human
trackers.

To evaluate inter-tracker differences, five technicians tracked the same daily
samples from every deployment for 3 days in spring and 2 in summer. Human
and autotracked counts were compared for each transducer (channel) because
there are important differences in passage characteristics, ranges of interest, trace
slopes and lengths, and noise conditions for each deployment.

Dam operations and fish passage

Powerhouse 1 operations data were entered into a data set and integrated
with fish passage data. Fish passage was set to zero when passage routes were
closed. Turbine discharge at Powerhouse 1 was estimated from megawatts
(MW) and head (the difference between the forebay and tailwater elevations)



using multiple regression equations. Data files were obtained that listed MW,
head, and other operations data by 5-minute intervals throughout the season.
Another equation was used to estimate discharge through the PSC slot from PSC
unit discharge and forebay elevation.

Missing data

All hydroacoustic systems were operated continuously (> 23 hours / day),
except for a 15-45 minute period every morning when data were copied from the
acquisition computers, or when equipment failed and data from the affected
routes were not collected. Short equipment failures lasting up to 45 minutes were
not a problem because fish counts and associated variances could still be
estimated from the remaining within-hour samples. Computer lock ups usually
were fixed within an hour because staff were on duty from 0800 to 1700 hours
and contractors monitored systems from 1700 to 0800 hours. Missing hourly
data that resulted from equipment outages > 45 minutes were estimated by
temporal linear interpolation for periods < 6 hours and by spatial interpolation or
linear regression for periods > 6 hours.

Detectability modeling and spatial expansions

The count of every fish was expanded based upon the ratio of the opening
width to beam diameter at the range of detection:

ow

[MID R x TAN(EziA) x 2]

EXP NUM = (S1)

where OW is opening width in meters, MID R is the mid-point range of a trace
in meters, TAN is the tangent, and EBA is effective beam angle in degrees.

EBA depends upon the detectability of fish of different sizes in the acoustic
beam and is a function of nominal beam width, ping rate, trace criteria, and fish
size, aspect, trajectory, velocity, and range. Detectability for every transducer
deployment was modeled to determine EBA as a function of range from a
transducer. Target-strength estimates were obtained from the average
backscattering cross section of fish detected by split-beam transducers and flow-
velocity data by 1-m depth strata from a physical or computational fluid design
(CFD) model. These data and other hydroacoustic-acquisition data were entered
into a stochastic detectability model. Model output consisted of effective beam
angle as a function of range from a transducer. Polynomials fitted to those data
were substituted for EBA in the equation above to correct for differences in
detectability by range among transducers and locations.
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Statistical estimators and comparisons

Detailed statistical methods are presented under Materials and Methods in
the body of the report.

Results and Discussion

Hydroacoustic detectability

In spring, most deployments had EBAs > 4° for the ranges that were
sampled. Exceptions included deployments where sampling had to begin at
relatively short ranges < 4 m (e.g., near transducers at Unit 8). In summer,
curves for EBA by range had similar shapes to those modeled in spring, although
angles at all ranges tended to be narrower because the average backscattering
cross section of summer-run juvenile fish was lower than that of spring-run fish.

The motivating force behind efforts to improve detectability modeling is the
desire to provide hydroacoustic estimates that are quantitative as well as reliable
relative indices to fish passage. Ratio estimators like the fish guidance efficiency
of the PSC, ESBSs, and submerged traveling screens (STSs) only require that
hydroacoustic beams sampling guided and unguided fish have equal detectability
so that ratios of counts, not necessarily the counts themselves, are accurate.
Similarly, combining counts from different locations such as powerhouses and a
spillway also requires equalization of detectability so that counts from different
locations are comparable, although the counts themselves may not be accurate.
Nevertheless, accurate counts estimated by proper expansion of detected fish
have the potential to provide estimates with inherent quantitative value as well as
providing acceptable relative estimates.

Quality control on automated fish tracking

The autotracker count for each transducer channel proved to be a reasonably
good predictor of the mean human count, with the autotracker count explaining
about 81 percent of the variation in the mean human tracker count in 222
samples. It was found that individuals tend to have characteristic biases that
manifest themselves in different counts of fish from the same hydroacoustic data
sets and that the mean of human counts from several people is what the
autotracker should approximate. Consequently, it is recommended that the data
be distributed in such a way that the bias-induced differences are averaged over
time.

Powerhouse 1 fish passage efficiency

Powerhouse 1 FPE declined by only about 6 percent from spring to summer,
and the PSC was a major contributor to Powerhouse 1 FPE in summer, when the
FGE of in-turbine screens at Units 7-10 declined significantly. If the entire
powerhouse had been as efficient as the PSC, Powerhouse 1 FPE in summer



would have been about 22 percent higher than a hypothetical FPE provided by
10 turbines with screen efficiencies comparable to that of the ESBS in Unit 8. A
full powerhouse PSC would have been about 42 percent more efficient than 10
turbines with STS efficiencies.

Adjustment of PSC efficiency in spring and summer to compensate for not
sampling center sluiceways in PSC units would increase mean PSC guidance
efficiency from 72 to 87 percent and raise the PSC’s contribution to Powerhouse
1 FPE significantly in summer. According to radio telemetry results, about 50
percent of tagged fish in the PSC passed through sluice gates in the center intakes
of PSC units (Scott Evans, USGS and Gary Johnson, BioAnalysts, Personal
Communication) where they could not be sampled with hydroacoustics. If that
50 percent estimate held for run-of-the-river (untagged) fish, in-turbine sampling
with hydroacoustics would have underestimated PSC efficiency by 15 percent.

Conservative estimates of PSC performance indicate that it was a highly used
route in 2000. The PSC guided an estimated 18 percent of the total Bonneville
Dam passage (guided, unguided, and spilled fish combined) in spring and 21 per-
cent of passage in summer.

Horizontal distribution

Horizontal passage patterns at Powerhouse 1 were consistent between
seasons, but the relative discharge through the primary passage routes was
generally a poor indicator of the relative proportion of fish passage among those
same routes. More fish passed through PSC units than through three of the four
units north of the pier between Units 6 and 7 despite a relatively even distribution
of flow.

Vertical distribution

The vertical distribution of fish in front of the PSC at Powerhouse 1 was
conducive for successful surface collection with a deep slot configuration.
Sample volumes 1-3 m upstream of the PSC detected 92 to 99 percent of fish in
spring and from 85 to 96 percent in summer above the elevation of the PSC floor.

Temporal trends in fish passage

The temporal correspondence of major peaks in the daily proportion of fish
passage as determined by physical capture methods and by hydroacoustics was
reassuring. Correspondence was found between hydroacoustic estimates of the
peak daily proportion of fish passing Powerhouse 1 and the daily proportion of
smolt sampled in the Powerhouse 2 JBS. Passage of juvenile salmon through the
Powerhouse 1 JBS could not be used for comparison because sampling there was
qualitative to determine descaling rates. Daily netting and hydroacoustic
estimates of passage at Unit 8 were correlated.

There are two reasons why Powerhouse 1 FPE did not decline precipitously
in summer as did the FGE of turbines with screens (Units 7-10). First, the
efficiency of the PSC did not decline in summer and contributed more to
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Powerhouse 1 FPE in late spring and summer than it did most of spring. Second,
the proportion of fish relative to the proportion of water passed was relatively
constant in spring and summer at the PSC.

Perhaps the most significant finding of this study was the summer decline in
FGE of turbines with screens while the efficiency of the PSC remained high and
stable. Even the efficiency of the ESBS in Unit 8 was as poor as that of STSs in
other turbines in summer. Two factors may contribute to the continued success
of the PSC in summer. First, the interception location of the PSC was upstream
of the powerhouse; second, the PSC was open to the sky and passed relatively
more fish during the day than at night. In contrast, most fish passage through
Powerhouse 1 turbines occurred at night. The success of the PSC also probably
has a lot to do with depth (45 ft), entrance velocities, and upstream hydraulics.
The diel pattern of smolt passage through Powerhouse 2 turbines was more
corpuscular in spring and summer than nocturnal.

Higher fish passage through the PSC than through Units 7, 8, and 10 in
spring and summer and higher nighttime densities upstream and downstream of
PSC slots suggest that fish may be accumulating at PSC units when daylight
conditions permit them to search for preferred passage routes. The loss of visual
position cues likely is responsible for increased fish passage into turbines just
after sunset because smolt passage at turbine units is not a function of increased
flow there. During the daytime when fish could orient by visual cues, densities
upstream of PSC slots and the proportion guided by the PSC were both
significantly higher than they were at night. The depth distribution of fish and
associated exposure to ambient light conditions apparently have a pronounced
effect on the diel distribution of fish passage through the PSC, through turbines
and on the number of fish detected upstream of PSC entrances. Whereas fish are
aware of changes in their body acceleration via their otolith, for relatively
continuous motions and gradual accelerations, visual orientation is important.
Fish rely on the migration of sensory cells and masking chemicals in the retina, a
process that takes much longer than mammalian adaptation.

Fish guidance efficiencies

In-turbine sampling shows that the PSC performed as well as the ESBS did
in spring and much better than the ESBS or STSs in summer. At Powerhouse 1,
the PSC and the ESBS performed equally well in spring with estimated FGEs of
72 percent. The two southernmost units of the PSC performed best with FGEs of
over 80 percent. In summer, the average FGE of STSs were 36 percent at
Powerhouse 1 and 35 percent at Powerhouse 2, and the FGE of the ESBS in
Unit 8 had dropped to 50 percent.

A large proportion of spring migrants and an even larger proportion of
summer migrants passed south of the wing wall that extends upstream between
Units 6 and 7, and most of those fish were guided by the PSC. Therefore, it is
important to consider the horizontal distribution of passage in addition to the
horizontal distribution of FGE among units.



Comparing FGE sampling methods for the PSC and Unit 8

No significant correlations were found between fish counts in turbine intakes
downstream of the PSC with fish counts upstream of 20-ft wide PSC slots, unlike
a significant correlation observed for the 5-ft wide slot in 1999. It is believed
that differences in the probability of detected fish passing into the PSC may
explain why significant correlations were found in 1999 but not in 2000. In
1999, the 5-ft wide slot had a linear flow velocity of 5 ft per second, which was
39 percent higher than the linear velocity at the 20-ft wide slots in 2000 (3.5 fps).
If fish were not entrained or committed to passing into the 20-ft wide slot, they
could be detected moving toward an entrance and still swim away after passing
through the hydroacoustic beam.

Although counts from split-beam sampling upstream from the PSC were not
correlated with the in-turbine single-beam counts, those data can still be used to
evaluate the availability of fish for collection. However, expanded counts
showed that there were twice as many fish above the level of the floor at night
and an even higher proportion above the floor during the daytime hours.

The correlation of hydroacoustic and netting estimates of FGE at Unit 8
(1’=0.65) was better than those for guided and unguided components of FGE.
The assumption of equal detectability of guided and unguided smolts must have
been reasonable most of the time given correlations between hydroacoustic and
netting estimates of FGE with a correlation slope approaching 1. A near 1:1 ratio
was found for numbers of guided fish netted in the gatewell to hydroacoustic
counts above the ESBS and of numbers of unguided, fyke-netted fish to
hydroacoustic counts below the ESBS. Paired t-tests indicated that mean
estimates of FGE by the two sampling methods did not differ significantly in
spring, and although differences were significant for both seasons combined,
means only differed by 3 percent and probably were biologically meaningless. In
summer, the mean hydroacoustic estimate was 6 percent higher than the mean
netting estimate.

PSC guidance efficiency by different methods

Average collection efficiency of the PSC was 83 percent in spring and
84 percent summer after it was adjusted by radio telemetry estimates of the
proportion of smolts in the PSC that passed into the center-slot sluiceways, and
the adjusted estimates agree favorably with estimates by other methods. Radio
telemetry data indicated that approximately half of all radio-tagged fish in the
PSC passed through the sluiceway. Therefore, in-turbine hydroacoustic
estimates of total passage at the PSC were at least 15 percent low in 2000.
Radio-telemetry and acoustic-telemetry estimates of PSC efficiency for all
species combined in spring 2000 were 83 percent and 92 percent, respectively,
and those estimates agree with an 83-84 percent hydroacoustic estimate corrected
for sluiceway passage. In 1998, hydroacoustic estimates of PSC collection
efficiency for 20-ft slot openings in Units 3 and 5 were 87.8 percent in spring and
92 percent in summer. A radio-telemetry estimate for 1998 was 97.5 percent for
the 20-ft slot treatment. In 1999, hydroacoustic estimates for a 20-ft slot entrance
at Unit 5 were 84.4 percent in spring and 75.2 percent in summer. Radio-

XiX



XX

telemetry studies in 1999 estimated the 20-ft slot efficiency at 65 percent, the
lowest estimate by any method.

The PSC was more efficient than a prototype ESBS based upon 1998 and
2000 studies using hydroacoustics and radio telemetry at the PSC, and
hydroacoustics and netting at Unit 8. The PSC was clearly more efficient than
existing STSs. In spring 1998, PSC collection efficiency for a 20-ft wide slot
was estimated as 87.8 percent by hydroacoustics and as 97.5 percent by radio
telemetry compared with estimates of about 72 percent FGE for the ESBS
according to NMFS netting and 80 percent FGE according to hydroacoustics. In
summer 1998, the hydroacoustic estimate of PSC FGE was 92 percent compared
with 40 and 50 percent for the ESBS by NMFS netting and hydroacoustic
sampling. In spring 2000, PSC collection efficiency was estimated to be 83 per-
cent by radio telemetry, 92 percent by acoustic telemetry, and 83-84 percent by
hydroacoustic sampling with a radio-telemetry adjustment for sluiceway passage
compared with an estimate of 69.6 percent and 72.0 percent for the ESBS by
NMFS netting and hydroacoustics, respectively. In summer 2000, NMFS netting
provided an average ESBS efficiency of 47.6 percent (which was close to the
hydroacoustic estimate of 50 percent) compared with a PSC efficiency of 72 per-
cent based upon unadjusted hydroacoustic sampling. Whether the summer
hydroacoustic estimate of FGE at the PSC in 2000 is adjusted or not, it was from
22 to 37 percent more efficient than the ESBS in Unit 8.



1 Introduction

Background

Giorgi and Stevenson (1995) indicated that available biological information
was inadequate to design and locate successful surface collector prototypes at
Bonneville Dam. They found that information on the vertical and lateral
distributions of smoltsin forebay areas of both powerhouses and spillway was
very limited. No mobile hydroacoustic sampling had been collected before 1996,
and the proportion of smolts approaching Powerhouse 1, the spillway, and
Powerhouse 2 had not been estimated.

Since Giorgi and Stevenson’ s literature review (1995), the Portland District
acquired mobile hydroacoustic data on fish distributionsin both forebaysin 1996
(Ploskey et al. 1998) and 1997 (BioSonics, Incorporated 1998). For Power-
house 1, these data indicated that higher average densities occurred upstream of
Units 4-6 in spring and upstream of Units 4-6, 8, and 9 in summer. For
Powerhouse 2, average fish densities were highest upstream of Units 11-13
adjacent to the south eddy and sluice chute in spring and in summer. Fish
densities also were high upstream of Unit 18 in 1996 but not in 1997. Vertical
distribution data showed that most fish were in the upper 15 m of the water. The
low fish guidance efficiency (FGE) of many submerged traveling screens (STSs)
at Bonneville Dam would not be expected from examining the vertical
distribution of fish these years. If fish did not alter their vertica distributions
from what was observed in forebay areas, datafrom 1996 and 1997 would suggest
that FGE usually would exceed 80 percent.

Diel patterns of smolt passage are not uniform for either sluiceways
(Uremovich et a. 1980; Willis and Uremaovich 1981) or the juvenile bypass
system (JBS; Hawkes et al. 1991; Wood et al. 1994). Diel passage through the
JBS often has abimodal distribution with a major peak occurring just after dark
and aminor peak after sunrise. In contrast, passage through the sluiceway usually
is higher during the day than at night (Willis and Uremovich 1981). However,
patterns apparently are influenced by the operation of duice gates, flow, unit
outages, and fish species (Willis and Uremovich 1981). Didl patterns of passage
have important implications for statistical designsto estimate fish passage
efficiency (FPE) for al three structures at Bonneville. Diel patterns of turbine
passage above and below screens were estimated in spring and summer 1996 for
intakes of Units 3 and 5 at Powerhouse 1 (Ploskey et a. 1998).
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Available data from gatewell sampling indicate that the horizontal distribution
of smolt passage among intakes at Powerhouse 1 is not uniform but apparently is
influenced by the number and location of operating units and sluice gates as well
as the species of juvenile salmon passing (Willis and Uremovich 1981).
Interactions among factors may account for alack of consistency in measures of
horizontal patterns. Uremovich et a. (1980) found concentrations of fish at
Units 6, 7, and 10, Willis and Uremovich (1981) found variable patterns
depending on operations, and Krcma et al. (1982) observed most passage at
Units 4-6.

A prototype surface collector (PSC) was installed at Powerhouse 1 and tested
in 1998. The 40.5-46.5-ft deep dotsin 3b and 5b were configured to have 5- or
20-ft wide openings that were changed according to a blocked experimental
design for evaluating effects of slot width on Prototype Fish Passage Efficiency
(PFPE). Two measures of efficiency used were within about 10 percent of one
another. Data from fixed-aspect hydroacoustic sampling in turbine intakes
downstream of the PSC indicated that the PSC had efficiencies of about 90
percent in spring and summer. Estimates based upon counts at the PSC entrance
averaged about 95 percent for the 20-ft slot and 85 percent for the 5-ft dot, but
estimates potentially were biased by multiple counts of circulating fish in the PSC.
Nevertheless, preliminary dataindicated that the PSC showed great promise for
meeting FPE goals at Powerhouse 1.

In-turbine data collected in spring 1999 with up- and down-looking
transducers suggested that our assumption of a uniform vertical distribution of
passage through the PSC in 1998 likely was incorrect. In 1998 the estimates of
PSC passage were increased by 1.33 to compensate for the inability of single
beam down-looking transducers to sample the upper 2.5 m of the intake. The
spring 1999 data indicated that a correction factor of 1.14 would have been more
appropriate, asonly 12.4 percent of the fish detected passing through the collector
in spring 1999 were within the upper 2.5 m. Thisis different than typica vertical
distributions, which usually are skewed toward the ceiling of the intake.
Readjusting the 1998 data would yield a PFPE of 77 percent in spring and
summer instead of 90 percent. These results show the benefits of multiple-year
evaluations and the risk in conducting single-year studies. Nevertheless, the
readjusted efficiency (77 percent) is an improvement relative to efficiencies of
traveling screens.

Researchers in the Columbia and Snake River Basin first began estimating the
FGE of STSsin the 1970s (Gessdl et al. 1991) and of extended-length
submersible bar screens (ESBSs) after 1991 (Bardy et al. 1991). Fish guidance
screens are located inside turbine intakes. There are three screens per turbine
intake, one in each of the three intake segments that make up a single turbine unit.
The screens are designed to divert juvenile salmon in the upper portion of a
turbine intake into a gatewell slot where they can pass through openingsin the
gatewell that lead to a bypass channel around the dam. The screens function by
modifying hydraulic characteristics of the flow they intercept and have an
appreciable effect on flow through the turbine intake (Nestler and Davidson
1995). The underlying premiseis that bypassed fish have a higher probahility for
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survival during dam passage than do fish passing through turbines. Physica
capture and enumeration of fish traditionally have been used to determine the
FGE of guidance screens. Large dip-nets (Swan et a. 1979) are used to capture
juvenile salmon from the gatewell slot above an intake to estimate numbers of
guided fish. Fyke netting is used to physically capture fish in the intake
downstream of the fish guidance screen. Fish captured by fyke netting are used to
estimate the number and species composition of “unguided” fish, i.e., those not
diverted into the gatewell ot by the screen (Gessdl et al. 1991). Efficiency is
estimated as the count of guided fish divided by the sum of counts of guided and
unguided fish.

Fixed-aspect hydroacoustics also has a history of use to estimate guided and
unguided fish and the FGE of guidance screens. Examplesinclude studies at
Rocky Reach (Steig et al. 1988), Little Goose (Johnson et al. 1987), McNary
(Johnson and Schadt 1986), and Bonneville dams (Thorne and Kuehl 1989;
Magne et a. 1989; Stansdll et al. 1990). Evauations of bar-screen efficiencies
have been conducted at Rock Island (Raemhild et al. 1988), Rocky Reach (Steig
and Ransom 1989; Steig 1993; Steig and Nealson 1994; Steig et a. 1995; and
Ransom et a. 1996), Lower Granite (Thorne and Kuehl 1990; Johnson et al.
1998), and Wanapum dams (Ransom et al. 1996). Hydroacoustic fish passage
and guidance estimates have been correlated with estimates based on net catches
(Thorne and Kuehl 1989; Magne et al. 1989; Ransom et al. 1996).

The STSs are ineffective at Bonneville Dam Powerhouse 1. FGE isless than
40 percent for yearling and less than 15 percent for sub-yearling chinook. ESBSs
have proven superior to STSs at The Dalles, McNary, Little Goose, and Lower
Granite dams. An ESBS was tested in Unit 8 at Bonneville in 1998 and will be
tested again in 2000. Both hydroacoustics and the traditional National Marine
Fisheries Service (NMFS) fyke net and gatewell dipping will be used. These two
studies will complement each other; fyke nets are limited in hours of sampling but
provide FGE estimates by species, whereas hydroacoustics can sample nearly full
time but cannot supply species-specific estimates.

Site Description

Quantification of any enhancement by a surface collector is difficult because
the Bonneville Project is among the most complex on the Columbia River (Fig-
ure 1). From the Oregon shore north toward Washington, the Bonneville Dam
Project is composed of a navigation lock, 10-unit Powerhouse 1, Bradford Island,
an 18-gate spillway, Cascades Idand, and 8-unit Powerhouse 2. In 2000, Units 1-
6 at Powerhouse 1 were modified to create a PSC.

Principal passage routes through the project include the spillway and two
powerhouses, but within each powerhouse, passage can be through ice/trash
sluiceways, turbines, or the JBS. Smolts enter the JBS after they encounter
traveling screens in the upper part of turbine intakes and are diverted to gatewell
slots and orifices opening to a bypass channel. In 2000, the PSC was not
designed to be a fish bypass structure. Fish entering the PSC passed through the
structure and into the turbine intake. The sole purpose was to alow testing of the
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efficiency and effectiveness of the PSC for collecting juvenile salmon before
building afull-scale collector.
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Figure 1. Plan-view of the Bonneville Project showing locations of Powerhouse
1 and the PSC at Units 1-6

2000 Research

This study was one of many investigations of the U.S. Army Engineer
Digtrict, Portland (CENWP) to resolve critical uncertainties in the implementation
of surface collector technologies at Bonneville Dam. The program is described in
detail in a comprehensive Monitoring and Evaluation Plan devel oped by the
Digtrict. Other research effortsin 2000 included a U.S. Geological Survey
(USGS) radio-telemetry study of yearling chinook and steelhead passage. The
Pacific Northwest National Laboratory (PNNL) evaluated approach behavior and
fish distributions using multi-beam and split-beam sonar techniquesin front of the
PSC entrance at Unit 5. A joint effort by PNNL and USGS investigated behavior
of tagged yearling chinook as they approached the project using three-dimensional
sonic tag technologies.

Based upon results from 1998 and 1999, the PSC dot configuration for 2000
consisted of a constant 20-ft wide dlot width for al six PSC units. The primary
effects evaluated in 2000 were weekly changes throughout spring and summer in
avariety of fish passage measures, including numbers passing into and under the
PSC, efficiency, effectiveness, didl patterns, and horizontal and vertical patterns
of distribution.
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Goals

The primary goal of this study was to resolve critical uncertaintiesin the
implementation of surface collection technologies at Powerhouse 1 of Bonneville
Dam by testing the efficiency of a6-unit version of the PSC. The secondary goal
was to resolve critical uncertainties in the implementation of ESBSs at Power-
house 1 at Bonneville Dam.

Objectives

a.

Chapter 1 Introduction

Estimate the number of fish entering the PSC above the floor elevation at
all six PSC dot entrances and the number passing through the PSC based
upon in-turbine sampling at all 18 intakes of Units 1-6.

Estimate the number of juvenile salmon passing under the PSC and into
the 18 intakes of Units 1-6.

Test for significant changes in the number of fish entering and passing
under the PSC among weeks each season.

Estimate FPE for each of the PSC units and for the entire PSC by season
and week, where efficiency is the number of fish passing into the PSC
divided by the number entering and passing under the PSC.

Estimate FPE for each of the PSC units and for the entire PSC by season
and week, where effectiveness is the ratio of the proportion of fish
collected to the proportion of water collected.

Compare the number of fish collected by the PSC and prototype FPE with
hydroacoustic estimates of fish passage and guidance efficiency in Units
7,9, and 10 with STSs and Unit 8 with an ESBS.

Compare estimates of collected fish based upon in-turbine sampling with
estimates based upon entrance sampling with split-beam transducers.

Describe didl patterns of fish passage, efficiency, and effectiveness for
each season and the horizontal distribution of passage among the six PSC
dots.

Continuously sample numbers of fish passing above and below an ESBS
at Unit 8 with fixed-aspect hydroacoustics and estimate fish passage and
FGE for spring and summer.

Compare hydroacoustic and netting estimates of fish passage and FGE in
spring and summer.

Estimate the vertical distributions of salmon immediately downstream of
trash racks and upstream of the ESBS in spring and summer.



Compare the vertical distributions and smolt numbers and trajectories
immediately downstream of trash racks with vertical distributions
sampled upstream of trash racks and FGE estimated by netting.

. Integrate all findingsin an attempt to explain decreasing FGE in late
spring and summer.
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2 Materials and Methods

Equipment

PSC Units 1-6 and Turbines 7-10 were sampled with nine hydroacoustic
systems. Each system consisted of an echosounder, cables, transducers, an
oscilloscope, and a computer system. Each echosounder and computer was
plugged into an uninterruptible power supply. An echosounder generates electric
signals of specific amplitude and at the required pulse repetition rates, and cables
conduct those transmit signals from the echosounder to transducers and return
data signals from transducers. Transducers convert voltages into sound on
transmission and sound into voltages after echoes return to the transducer. The
oscilloscopes were used to display echo voltages and calibration tones as a
function of time, and the computer system controlled echosounder activity and
recorded datato a hard disk. The 420 kHz, circular, single- or split-beam
Precision Acoustic Systems (PAS) transducers were controlled by PAS 103
echosounders and Hydroacoustic Assessments HARP software running on
Pentium-class computers.

Calibrations

Before deployment, all hydroacoustic equipment was transported to Seattle,
WA, where PAS dlectronically checked the echosounders and transducers and
calibrated the transducers using a standard transducer from the U.S. Navy. After
calibration, we calculated receiver gains to equalize the output voltages among
transducers for on-axis targets ranging in hydroacoustic size from -56 to -36 dB ||
4rm? (Tables1 and 2). Lengths of fish corresponding to that acoustic size range
would be about 1.3 and 15 inches, respectively, for fish insonified within 21° of
dorsal aspect (Love 1977). Inputs for receiver-gain calculations included
calibration data[i.e., echosounder source levels and 40 log (range) receiver
sensitivities for specific transducers and cable lengths] and acquisition equipment
data and settings (installed cable lengths, maximum output voltage, and on-axis
target strengths of the smallest and largest fish of interest). In most instances,
calibrated and installed cable lengths were identical. When those cable lengths
proved to be different because insufficient cable was available for a deployment,
an empirically derived correction factor was used to compensate for cable length
effects on source levels, receiver sensitivity, and receiver gain settings.
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Transducer Deployments and Sampling

This section describes hydroacoustic deployments and sampling schemes.
Table 3 provides details of transducer locations and aiming angles for sampling to
estimate guided and unguided numbers of fish passing the PSC, Units 7, 9, and 10
with STSs, and Unit 8 with an ESBS.

Table 3
Transducer Locations at Bonneville Powerhouse 1
Description of Elev- Aiming

Syz- Trans- Lateral Struc- Location ation Angle'’

temn ducer Unit Intake Position ture on Structure E-coord” H-coord (ft) Aim (Deg.)
3 1 1 F:) Worth Fark 1% 4.4 ftbelowtop, 8.5 ft S of W Side 16302511 7225051 637 Dowm  O(D)
3 2 1 E Center Fack ]l 4.4 ftbelowtop, 11 £t 5of M 5ide 16302805 72252768 637 Down  0(D)
3 3 1 C Center Fack ] 4.4 fibelowtop, 11 £t 5of M 5de 18302710 7225517 &37 Down  O(D)
3 4 2 ! South  Rack 1 4.4 ftbeloar top;, 132 ft S of M S1de 16302817 7225786 637 Dowm  0O(D)
3 5 2 B Morth Eack 1 4.4 fibeloar top, 88 ft Sof M 5ide 16302835 7226048 637 Dowm  0O(D)
3 G 2 C South  Rack 1 4.4 ftbelowtop, 1324t 5 of M 5ide 16303026 7228250 637 Down 0O(IN
4 9 3 F:) Horth Rack 1 4.4 fthelowtop, 88 ft Sof M 5ide 16303160 72285559 637 Down  0(D)
4 10 3 E Center Fack ]l 4.4 ftbelowtop, 11t 5of M 5ide 16303256 7228781 637 Down  0O(D)
4 11 3 C Horth  Rack ] 4.4 ftbelowtop, 88 ft 5 of M Side 18303365 7227044 837 Down  0O(D)
4 12 4 ! South  Rack 1 4.4 ftbeloar top;, 132 ft S of M S1de 16303468 7227271 637 Dowm  O(D)
4 13 4 B South  Rack 1 4.4 ftbeloar top; 132 ft S of M S1de 16303572 7227514 637 Dowm  O(D)
4 17 4 C Center FRack 1 4.4 fibelow top;, 11 £t Sof M 5ide 16300886 7227776 637 Down  0(D)
5 20 5 F:) Center FRack 1 4.4 ftbelow top; 11 £t 5of M 5ide 16303801 7228043 637 Down  0O(D)
5 21 5 E Horth  Fack 1 4.4 fthelowtop, 88 ft 5 of M 5ide 18303815 7228308 837 Down  0O(D)
5 22 5 C Center Fack ]l 4.4 fibelowtop, 11 £t 5of M 5de 18304011 7228525 &37 Down 0D
5 a3 & ! Morth Eack 1 4.4 fibeloartop, 88 ft Sof M 5ide 16304136 7558817 637 Dowm  0O(D)
5 26 & B South  Rack 1 4.4 ftbeloartop;, 132 ft S of M S1de 16304223 722%01%2 637 Dowm  O(D)
5 a7 & C South  Rack 1 4.4 ftbeloar top;, 132 ft S of M S1de 16304327 7228261 637 Dowm  0O(D)
& 31 7 ! Center Fack 5 4.4 fibelow top, 88 ft Sof M 5ide 16304540 7223511 110 Up  29(D)
& 32 7 & Center Fack 1 4.4 ftbelow top; 11 £t 5 of M 5ide 16304462 7223570 637 Down  20(I0
24 413 B B Center Fack 5 4.4 ft below top; 11 £t 5 of M 5ide 16304571 7230506 140 Up  28(IN
24 412 B B Center  ESBS 2 ft below pivot; 13 £t 5 of M 5ide 16304826 7230577 3818 Down 150N
& 30 9 C South  Rack 1 4.4 ftbelowtop;, 132t 5 of N 5ide 16305302 7231519 637 Dowm  S(IN
& 33 9 C Horth  Rack 5 4.4 ftbelowtop, 8.8 f S of M Side 18305405 7231520 110 Up  28(L)
1 53 10 B Morth Eack 1 4.4 fibelowr top, 88 ft Sof M 5ide 16305540 7232071 637 Dowm 2 (D)
1 105 10 B Morth ERack 5 4.4 fibelowr top, 88 ft Sof MW 5ide  1830563.0 7232032 110 Tp  29(D)
21 400 1 B Worth Frame® 3.5 ft 5 of M side of slot at EL 25' 16303015 7225178 250 Up 50D
21 401 1 B Horth  Frame 35ft5of Mside of'slot at EL 70° 16302931 7225214 700 Down 17(1)
21 4oz 2 E Center Frame 10ft5of N side of slot at EL 25 16303314 7225871 250 Up  5(IN
21 403 2 B Center Frame 10ft5of M side of'slot ot EL 70' 18305231 7225908 700 Down 17(
22 405 4 B Center Frame 10415 of ¥ side of slot at EL 25 16303%6.5 72279377 250 Tp (I
22 404 4 B Center Frame 104t 5 of ¥ side of slot at EL 70¢ 16303881 7227413 700 Dowem 17(10)
a3 408 5 B Horth Frame 3.5 ft5of M side of slot at EL 25' 16304318 7228129 250 Up (I
23 403 5 B Worth Frame 3.5ft5ofN side ofslot at EL 70' 16304232 7228226 700 Down 17()
23 411 & B South  Frame 35ft 5of M side of slot at EL 25' 16304541 7228842 230 Tp  5(IM
23 410 & B South  Frame 35ft5of Mside ofslot 2t EL 70' 18304557 7228978 700 Down 17(1)

"Meanred in degess off of a wertical plane separating upstream and dowmstream directions
* Geographical Coordinates were provided by Marshall Fichmond's team at PHHL
* Rark refers to a trash rack, six of which are stacked in an intake slot. Facks are mmher from tap to battom.
1 ESES refers to an extended length sathmerged har screen
# 41 transdncers on frames at PSC slot entrances were located 3.5 £t upstream of the slot entrance

10
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Sampling the prototype surface collector

Two different approaches were used to sample smolt passage at the PSC units
(1-6). Thefirst was based upon in-turbine deployments and sampling with single-
beam transducers and the second relied on split-beam deployments and sampling
in the forebay immediately upstream of the PSC slot entrances.

In each of 18 intakes downstream of the PSC, one 7° single-beam transducer
was mounted at the top of Trash Rack 1 and aimed straight down 11° off the plane
of the trash racks (Figure 2). Fish passing through the beam above an elevation
0.5 m below the top of the PSC floor were classified as collected by the PSC.
This elevation was selected based upon flow trgjectories from the PSC floor to the
center of the hydroacoustic beam. The down-looking beams had a blanking
distance of 1 m and limited detectability in the first 3 m, and they also could not
sample the shallow dluice opening (mean depth = 2 ft) inside the center dot of
every PSC unit. Theloss of the uppermost 1 m may not have been significant as
it accounted for only 1.4 percent of the fish passage sampled with six up-looking
beamsin 1999. The in-turbine transducer in the B slot of every PSC unit aso
could not count fish passing into the duice opening at those locations. Sluice
gatesat A and C intakes were always closed. Fish passing through a down-
looking beam > 0.5 m below the PSC floor were classified as passing under the
PSC.

The upper portion of a down-looking beam covered 10 percent of the cross
sectional areain the upper one-half of the intake, and the lower portion covered
30.5 percent of the bottom half of theintake. Therefore, the down-looking in-
turbine transducers provided excellent spatial coverage for estimating numbers of
fish passing under the PSC and adequate coverage for fish passing through the
PSC. All in-turbine transducers had a pulse-repetition rate of 14 pings per second
and sampled 20 1-minute periods per hour.

Slot entrances at center intakes of PSC Units 1, 2, 4, 5, and 6 were sampled
with 6° split-beam transducers (Figure 2). A team of PNNL researchers sampled
the dot entrance at Unit 3. Opposing split-beam transducers were mounted at the
top and bottom of a 45-ft tall frame (Figure 3). The laterd position of the
transducer pair on the frame was chosen at random so that the pair would sample
the north, center, or south third of the 20-ft Slot entrance. The frames were
deployed by crane and rested on horizontal crossbeams that tied the front of the A
and C modules of the PSC together at several elevations. At each dot entrance,
the deep transducer was aimed upward 6° upstream of the plane of the dot
entrance to count fish near the upper haf of the slot. The shallow transducer was
aimed downward 6° upstream of the plane of the entrance to count fish entering
the bottom half of the dot. Fish passage estimates through every dot were based
on counts of fish traces with trajectories into the PSC and average displacements
> 1 cm/ping.

Chapter 2 Materials and Methods
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In-turbine Sampling at Forebay Sampling at
units 1-6 (every slot) units 1, 2, 4, 5, and 6 (B slots)
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Figure 2. Cross sectional view through the center slot of a Powerhouse 1
turbine unit with the PSC attached to the upstream side. Numbers of
guided fish were estimated from counts in the upper portion of the in-
turbine hydroacoustic beams or the beams upstream of the PSC slot.
The deep portion of the in-turbine beam was used to estimate
unguided fish numbers

Fish passage estimates through every dot were based on counts of traces with
trgjectories into the PSC, each with an average displacement > 1 cm/ping. Counts
from the PSC slots were considered as guided fish as an alternative to the guided
counts derived from the upper portion of the single-beam transducers within each
turbine slot. Thus, there were two competing estimators of collection efficiency
depending on the source of the estimate of guided numbers. Unguided numbers
were always obtained from counts of fish passing through the deep portion of the
in-turbine beams. Vertical distribution estimates in the forebay were obtained by
counting fish within 1-m strata in the upper portion of the up-looking split-beam
> 6.5 m from that transducer and in 1-m strata in the down-looking split-beam
from 6.5 to 25 m from the down-looking transducer. All split-beam transducers
had a pulse repetition rate of 10 pings per second and sampled 20 1-minute
intervals per hour.
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e A

Figure 3. Installation of a 45-ft tall frame with split-beam transducers at the top
and bottom center

Sampling Units 7, 9, and 10

At turbine Units 7, 9, and 10, hydroacoustic sampling was performed within
one of three randomly selected intake slots per turbine. In Units7 and 9,
7° single-beam transducers, one upward- and one downward-angled, were placed
in the selected dlots to monitor guided and unguided passage, respectively (Figure
4). Anidentical deployment was made in Unit 10, except that the transducers
were 6° split-beams. Sampling was for 20 1-minute intervals per hour per
transducer |ocation, and the pulse repetition rate was 14 pings per second for each
transducer.

Sampling Unit 8

At Unit 8, the center dot with an ESBS was sampled with an upward- and a
downward-angled 6° split-beam transducer to estimate guided and unguided
numbers, respectively (Figure 5). Sampling was continuous, 60 minutes per hour,
and the pulse repetition rate was 16.7 pings per second for each transducer.

Chapter 2 Materials and Methods
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Figure 4. Cross sectional view through an
intake like those sampled at Units 7,
9, and 10 showing up- and down-
looking hydroacoustic beams

In-turbine sampling at Intake 8b
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Figure 5. Cross sectional view through Intake 8b

where up- and down-looking split-beam
transducers were used to sample
guided and unguided fish, respectively
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Fish Tracking and Filtering Criteria

The criteria used to accept or reject echo patterns as fish and to filter tracked
fish observations are presented in Table 4. The greatest differencesin criteria
were between sampling in forebay areas and inside turbine units because fish were
not entrained through beams in the forebay, except at the spillway. Criteriafor
sampling turbine units were consistent, or if different (e.g., range), were corrected
for in spatial expansions by results of detectability modeling, which is described

below.

Table 4

List of Fish-tracking Criteria for Deployments at Three Major Passage Routes

Tracking Criterion

OrFilters PSC Units 16 PSC Slot Entrances Unit8 Unes7,8,and 10

Minimum number of echoes

with core of atleast4 echoes 4 4 4 4

in 5 pings

Maximum ping gap for track 6 ] g 6

segments

Maximum num ber of echoes 30 60 30 30

Structural fikers = drop traces

where the first ping and last Yes Yes Yes Yes

ping are within a designated

range bin

Trace slope -G8 comfping -9w9cm/png -3 Qcm fping -9 109 ¢ f ping and not
between-005 and 0.05
cm § ping on downlocking
beams

Fit to line or parabala (Route Line <3cm Line <3cm Line <3cm Line <3cm

Mean Square Emorin cm) was
used to accept only very inear
or parabolic traces in noisy
arezs on some beams

Rangs

Direction of movement
Target or echo strength

-Sprng and summer until 15
June

-Summer from 15 June to 30
June

-Summer after 30 June

Parabola < 2 cm

30105 m = guided
10.5max =unguded

None

-5610-37 dB
-56 to-45 dB
-55 to-47 dB

Parzbola < 2om

Uppersiot = 6.75 m to the
surface

Lowerslot=675t0 135 m
Under siot = 125 m to bottom

Yes

-56t0-37 0B
-56t0-45dB
-56 to-47 dB

Parabolz < 2cm

Up-looking =3mto
ceiling
Down-looking =3 mto

bottemn

None

-5610-37dB
-5610-45dB
~-561t0 -47 dB

Parzbolz <2cm

Updookng =80mto
ceilling
Downlooking = 85m to

bottom

Mone

-5610-37 dB
-5610-45 0B
-581t0-47 dB

! Azimuth angle from first to last echo had to indicate movement between the edges of the 20-ft PSC slot entrances.
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Since the hydroacoustic sampling effort on Bonneville Dam was so extensive
and generated such alarge volume of data (156 Gigabytes) in 2000, it was
impossible to manually track enough data to make reliable FPEs with available
staff. Therefore, autotracking software developed over the last 3 years by the
Fisheries Field Unit and the ERDC/EL was relied on to process raw data into
tracked fish observations. The autotracker software tells the computer to:

a. ldentify and remove echoes at constant range from structure.

b. Find seed echoes for candidate tracks.

(1) Goto every echo.

(2) Definea 10 ping by 1-m window centered on that echo.

(3) Placeal echoesin the window into 5° angle bins.

(4) If any bin count >3, flag the center echo as a candidate seed.

c. Re-examine candidate seed echoes.

(1) Go to every seed-echo window.

(2) Count echoesin al possible line features (Hough transform).

(3) If no echoesin the window are part of a strong line feature, then drop
the seed echo (to distinguish between dense noise and dense fish
tracks).

d. Initiate alpha-betatracking.

(1) Track forward starting at each seed echo.

(2) Track backward from the same seed echo after forward tracking has
ended.

(3) Check thetrack segment against criteria (core criterion; minimum
and maximum gap).

(4) Link track segments that are collinear into single tracks (i.e., project
track segments forward and backward and link them if the ping gap
< 6 pings and forward and backward projections of two track
segments line up).

e. Write out track statistics (echo statistics optional).
For several monthsin spring, samples of the autotracker’ s performance for

every deployment were reviewed on a fish-by-fish basis to evaluate and fine-tune
the autotracker. Researchers released the autotracker to process data for a given
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deployment only after they determined that it was tracking the same echo patterns
that the researchers would track most of the time.

Although the autotracker was a very efficient analysistoal, its performance
had to be continually verified with respect to trained human trackers. Five human
trackers were employed who received extensive training on raw hydroacoustic
data from years before the 2000 tracking season began. The autotracker was
evaluated by comparing its counts to those of several human trackers who all
processed the same sample data sets. This approach was used because fish
counts, even for the same files, can vary widely among human trackers. The hope
was that the autotracker would perform like an average human tracker rather than
like trackers at either extreme.

To evaluate inter-tracker differences, all of the human trackers tracked the
same daily samples of all systems from five different days. These calibration days
were scattered throughout the passage seasons, three in spring and two in summer.
For each calibration day, asingle file was selected for each of the hydroacoustic
systems from every hour between downloads on consecutive days. The
calibration days were: Early spring, Julian Day 111-112; Middle spring, Julian
Day 152-153; Late spring, Julian Day 157-158; Early summer, Julian Day 176-
177, and Late summer, Julian Day 196-197. This arrangement was devised to
evaluate inter-tracker differences under seasonally changing conditions of fish
passage and fish size. The autotracker also processed the same samples from all
five days.

Human and autotracked counts were compared for each transducer (channel)
because there are important differences in passage characteristics, ranges of
interest, trace slopes and lengths, and noise conditions for each deployment site
and aiming angle. Although tracker performance has previously been compared
by system (including several transducer channels), it was decided that comparing
transducer channels gives the best measure of human and autotracker differences
because it removes site and aiming differences within comparisons and evaluates
performance across the greatest possible range of different tracking conditions
among comparisons. For each of the 5 days, the fish count output files from each
human or automatic tracker were post-processed identically. Post-processing
included deployment-specific “filtering” for trace length, trace slope, echo or
target strength, structure and other regular noise, and other characteristics
described in Table 4. The resulting filtered fish counts for each tracker (human or
automatic) on each day were then summed separately for each transducer channdl.

Counts were compared from five human trackers on al of the calibration days
by examining scatter plots and correlation statistics and by plotting the cumulative

count of the human trackers and the autotracker over time to examine cumulative
temporal deviations.

Dam Operations and Fish Passage

Project operations data, including discharge by spill bay and turbine unit were
entered into a data set and integrated with fish passage data. Fish passage was set
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to zero when passage routes were closed. Turbine discharge at Powerhouse 1 was
estimated from megawatts (MW) and head (the difference between the forebay
and tailwater elevations) using multiple regression equations.

Standard units with STSs (Units 1-3, 5, and 7-10):

CFS=9396.49 + 257.43(MW) — 173.27 (HEAD) )

Minimum gap runner with STSs (Units4 and 6):

CFS=9396.49+ 257.43(MW) —173.27(HEAD) ®)

The data used to derive these equations were obtained from the Hydroelectric
Design Center (HDC), Portland Didtrict, through Karen Kuhn, a District
Hydraulic Engineer. Thefirst equation had an r? of 0.96 (N = 3,269) and the
second had an r* of 0.94 (N = 2,502). Datafileslisting MW, head, and other
operations data by 5-minute interval s were obtained throughout the season from
Rod Hurst at HDC. Daryl Hunt, Chief of Operations at Bonneville Dam, and his
staff of operators supplied data that were missing from the electronic files.
Another equation was used to estimate discharge through the PSC dlot from PSC
unit discharge and forebay elevation, as follows:

CFS=-4405.429 + 45.667 (EL ) + 0.445(Q) €)

where CFS is discharge through the PSC dlot in feet per second, EL is forebay
elevation in feet, and Q isthe discharge in feet per second through the same
turbine. This equation has an r? of 0.75; N=12.

Missing Data

A special effort was made to make certain that missing samples were
accounted for in the spring and summer data sets. First, a data set was created
consisting of all possible sample locations and times each season and an expanded
fish variable was set to missing in every observation. Second, the missing data set
was merged with the acquired data set and counts of expanded fish, if present in
the acquired data, overwrote missing counts. When a sample had not been
collected, there was nothing in the acquired data set to overwrite the missing value
for expanded fish; therefore, that observation was appropriately designated as
missing and could be addressed as follows before data analysis:

All hydroacoustic systems were operated continuously (> 23 hourg/day),
except for a 15-45 minute period every morning when data were copied from the
acquisition computer onto removable Jaz disks, or when equipment failed and
data from the affected routes were not collected. Short equipment failures lasting
up to 45 minutes were not a problem because fish counts and associated variances
could till be estimated from the remaining within-hour samples. Computer lock
ups usualy were fixed within an hour because staff were on duty from 0800 to
1700 hours and contractors monitored systems from 1700 to 0800 hours.
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Transducer cablesthat failed once at Unit 6, twice at Unit 8, and once at Unit 10
were repaired within afew days as soon as project support or divers became
available.

Missing hourly data that resulted from equipment outages > 45 minutes were
estimated by temporal linear interpolation for periods < 6 hours and by spatial
interpolation or linear regression for periods > 6 hours. When an up-looking
beam for counting fish guided by an STSfailed, the upper portion of the paired
down-looking beam was sometimes used to estimate those numbers. Occasionally
the ratio of guided to unguided numbers at adjacent turbines with similar screens
was useful for interpolating estimates of guided or unguided numbers. Regression
equations relating hourly variances with hourly sums were sometimes used to
estimate missing variance estimates.

Detectability Modeling and Spatial Expansions

The count of every fish was expanded based upon the ratio of the opening
width to beam diameter at the range of detection:

ow

EXP_NUM =
[MID_RXTAN (E?\sz}

(4)

where OW is opening width in meters, MID_R isthe mid-point range of atracein
meters, TAN isthe tangent, and EBA is effective beam angle in degrees.

EBA depends upon the detectability of fish of different sizesin the acoustic
beam and is afunction of nomina beam width, ping rate, trace criteria, and fish
size, aspect, trgjectory, velocity, and range. Detectability was modeled for every
transducer deployment to determine EBA as afunction of range from a
transducer. Target-strength estimates were obtained from the average
backscattering cross section of fish detected by split-beam transducers and flow-
velocity data by 1-m depth strata from a physical or computational fluid design
(CFD) model. These data and other hydroacoustic-acquisition data (e.g., beam
tilt, ping rate, target-strength threshold, number of echoes, and maximum ping
gaps) were entered into a stochastic detectability model. Model inputs are
described in Tables 5 and 6. Model output consisted of effective beam angleasa
function of range from atransducer. Polynomialsfitted to those data were
substituted for EBA in Equation 4 to correct for differencesin detectability by
range among transducers and locations.

Statistical Estimators and Comparisons

The sections following Tables 5 and 6 describe how the estimate of smolt
passage was calculated at the various locations at Powerhouse 1.
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Table 5
Values of Variable Inputs to the Detectability Model for Every Type of Deployment Used in
2000

-3dB Transducer
Beam Tilt from Blanking Pings/ Mean Standard TS Min  Ping Maximum
Deployment Angle Vertical Range Second TB Deviation Threshold Echoes Gap Range
Spring

Units 1-6; forebay; 6 0 1 13 -45.0 4.2 -56 4