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ABSTRACT

The Yukon River sonar project has provided daily passage estimates for chinook salmon
Oncorhvachus Lhawytscha, and summer and fall chum salmon O. kera for most years since 1986.
During this time, the project has undergone important changes including a frequency switch {rom
420 kbz to 120 klz and a change from an aspect transducer aim to one which maximizes {ish
detection. Fish passage for cach species was estimated through a two component process: (1)
estimation of total fish passage with 120 kHz single-beam sonar. and (2) estimation of species
proportions by sampling with gillnets of six difterent mesh sizes. An estimated 1,768,255 + 16,379
(s.e.) fish passed through the sonar sampling area between 6 June and 9 September, 34% along the
right bank and 66% along the left bank, including 83,175 + 4,441 large chinook salmon (=700 mm
long), 38,871 + 3,122 small chinook salmon (<700 mm), 830,633 + 15,058 summer chum salmon,
and 397,157 + 7.696 fall chum salmon. Occasional sonar periods were missed due to heavy debris
and strong wave action. Passage estimates include estimated data from the missed periods. Routine
svstem analyses indicated that the equipment functioned properly during the field season. bottom
profiles remained linear, and a reverberation band and signal loss problems were compensated [or.
Target species were not detected in the region behind the transducer during testfishing drifis
designed to sample this arca. Relationships between signal loss and hydrological parameters were
explored.

KEY WORDS: salmon, hvdroacoustic, escapement, species apportionment, net sclectivity



INTRODUCTION

Commercial and subsistence fisheries harvest salmon Oncorhynchus spp. over more than 1.600 km
of the Yukon River in Alaska and Canada. These salman fisheries are critical to the way of life and
economy of people in dozens of communities along the river, in many nstances providing the
largest single source of tood and/or income to local residents.

Management of the commercial and subsistence salmon fisheries is difficult due to the number.
diversity, and geographic range of fish stocks and multiple user groups. Informat on upen which to
base management decisions comes {rom scveral sources, each of which has strengths and
weaknesses. Assessments of abundance in tributaries obtained through aertal and foot surveys,
mark-recapture, weirs, towers, or sonar techniques provide stock-specific estimales or escapement
indices. Most of this information is obtained after the majority of the fisheries have been conducted.
Gillnet test fisheries near the river mouth provide inseason indices of run-strength, but
interpretation of these data is confounded by gillnet selectivity, changes in net site characteristics.
and varying fish migration routes through the multi-channel river mouth. Also. the functional
relationship between test-fishery catches and abundance is unknown.

Hydroacoustic estimates of fish passage from this project complement information obtained from
other sources. The project uses fixed [ocation, single-beam sonar to estimate daily upstream
passage of fish. Gillnets of up to seven different mesh sizes are drifted through the acoustic
samipling areas to apportion the passage estimates to species. The project is located at river km 197
near Pilot Station, far enough upriver to avoid the wide. multiple channels of the Yukon River
delta. Because salmon migrate from the river mouth to the sonar site in two 10 three days, the
project provides timely fish abundance information to fishery managers downst-cam of the sonar
site, There is only one major spawning tributary (the Andreafsky River) downstream from the sonar
site,

The Yukon River sonar project has provided fisheries management daily passage estimates for most
years since 1986. The main challenges faced by the project have been to use sonar technology to
detect fish migrating past the sonar site and develop viable methods for estimating the relative
abundance of each species detected. The project has used hydroacoustic equipment since 1993 that
operates at a lower frequency (120 kHFz) than formerly (420 kHz). and is capable of detecting fish at
longer ranges. In addition, species apportionment methodology has been streamlined, and net
selectivity has been estimated more accurately (Fleischman et al. 1995). Project objectives in 1998
were to provide daily and seasonal passage estimates for chinook and chum salmon. estimate the
precision of these estimates, and perform routine system analyses to ensure consistent data
collection and processing and provide early detection of problems which might arse.



METHODS

Hydroacoustic Data Acquisition

Equipment

sSonar equipment used on the nght bank (relative to a downstzeam perspective) of the Yukon River
included: 1) a Biosonics' Model 101 (SN 83-036) 120/420 kHz echosounder configured to
transmit und recetve at 120 kHz; 2) an International Transducer Co. (I.T.C.) Model 5398 120
kHz user-configurable transducer (SN 003} configured for dual-beam use as case II (3.6°x9.2°
narrow and 12.2°x22" wide beam); 3) two 304.8 m (1,000 ft) Carol Model 1302 microphone
conductor cables (SN's 200 and 202) connecting the sounder and transducer; 4) an
Hydroacoustic Technology, Inc. (H.T.I.) Model 403 chart recorder interface coupled with a
Panasonic KXP 1624 dot matrix printer: and 5) a Hewlett Packard Model 34501 A digital storage
oscilloscope.

Lefi-bank sonar zquipment included: 1) Biosonics Model 101 (SN 83-039) and 102 (SN 89-019)
120/420 kHz echosounders configured to operate at 120 kHz; 2) an L'T.C. Model 3398 120 kHz
transducer (SN 005) configured for dual-beam use. case [ (2.1°x4.9" narrow and 3.8'x9.7" wide
beam) for the lefi-bank offshore stratum; an [L.T.C. Model 5398 120 kHz transducer (SN 004)
configured for dual-beam use, case I (2.0"x4.6° narrow and 3.9"x9.2" wide beam) for the left-bank
nearshore stratum; 3) four 304.8 m (1,000 ft) Belden Model 8412 microphone conductor cables
(SN's 501, 502 for left bank nearshore; and 503, and 504 for left bank offshore) connecting the
sounders and transducers; 4) H.T.I. Model's 401 and 403 digital chart recorder interiaces coupled
with Panasonic KXP1624 and KXP 2624 dot matrix printers; and 5) an Hewlett Packard Model
54501A digital storage oscilloscope.

[he Biosonics Model 101 cchosounder systems were professionally calibrated (Table 1), the
echosounders [unctionally checked. phvsically examined, and comprehensive transmitter and
receiver gain measurements were made prior to the field season. The Biosonics Model 102
echosounder was nsed on left bank from 31 July through 8 August and from 17 Aungust through 9
September with the left bank equipment assemblage to take advantage of its ability to multiplex
two transducers. This system was not calibrated preseason. Dual-beam data were digitized.
processed. and clectronically stored with a Biosonics Model 281 echo signal processor (ESP)
installed in a Corapaq 386 20e personal computer.

' Mention of a ompany’s name does not constitute endorsement.

(5]



Iransducers were mounted on metal tripods and remotely aimed with Remote Ocean Svstems
{ROS) PT-25 dual-axis rotators. Rotator movements were controlled with a ROS PTC-1 controller
with position feedback to the nearest 0.1% Gasoline generators (3500 W) supplied 120 VAC power.

Sampling Procedures

We deployed two transducers on the left (south) bank and a single transducer on the right bank at a
point where the river is approximately 1,000 m wide (Figure ). The right bank has a stable, rocky
bottom that drops off steeply to the thalweg (Figure 2) at a vertical angle of 9", calculated from a”
depth of 23.5 m at a range ol 150 m. We positioned the right-bank transducer 5-10 m from shore,
adjusting the aim between three strata (0-30 m, 50-100 m, and 100-150 m) to position the beam as
close to the river bottom as possible for each sample. The lefi-bank river bottom drops off gradually
with a vertical angle of 2.3%, calculated from a depth of 11.9 m at 300 m, with a slightly steeper
slope nearshore. 4.3 calculated trom a depth of 3.8 m at 50 m (Figure 2). Two lransducer’s were
originally deployed until debris and strong current created problems with the transducer located
offshore. The nearshore transducer was deployed approximately 10 m from shore utilizing three
aims to sample a nearshore stratum (0-70 m), a midshore stratum (70-250 m) and an offshore
stratum (230-300 m). The transducer was repositioned frequently to compensate for the dynamic
water level. During the latter portion of the field season, the original offshore transducer was
positioned near shore slightlv upstream of the left-bank system and aimed lower to maximize fish
detection in the 0-12 m range. This stratum was sampled simultaneously with the original nearshore
stratum by multiplexing the two transducers to avoid a loss in sampling time.

Fach acoustic sampling stratum was subdivided into five equal range sectors. Sample data were
tallied by sector in 15-minute intervals during daily sampling periods from 0330 to 0830, 1330 to
1630, and 2130 to 0030 alternating every Y2 hour between strata.

We counted echo tracings as fish if at least one ping in the cluster passed the second threshold (see
Equipment Settings, Thresholds, Data Storage) and the target did not resemble an inert downstrea
object. Multiple fish racings were marked if there was a discontinuity in the tracing and the second
cluster indicated movement in a direction different from the first. Fish tracings were tallied on field
data forms. then entered nto an R:Base database. The data were checked daily for data entry or
tallying ervors. then processed using commercial statistical data processing (SAS) software.

All personnel were trained to distinguish between fish tracings and non-target echoes. Chart
printouts were reviewed daily by either the project leader. crew leader, or an experienced
technician to check the accuracy of the marked fish tracings and reduce individual biases. Each
chart image was checked for indications of signal loss and changes in bottom reverberation
markings which might indicate a movement of the transducer or a change in bottom structure.

We sampled continuously for twenty-four hours on |8 June, 2 July. 16 July, [0 August. and 24
August and fourteen hours on 4 July, 5 July, and 6 July to estimate the uncertainty associated with



the normal sonar sampling schedule. Sampling was divided among strata in proportions consistent
with the regular sampling schedule.

Equipment Seitings, Thresholds, Data Storage

We used a 40 log(R) time-varied gain (TVG). a 5 kHz bandwidth, and 0.4 ms transmit pulse
duration during all samphing activities. Pulse repetition rates were set below the maximum
allowed by range to avoid overloading printer buffers; right bank nearshore strata and left bank
nearshore strata transmit intervals were set at (.3 s. left bank midshore strata and right bank
offshore strata at 0.4 s, and left-bank offshore strata at 0.5 s.

All sampling was conducted using a single elliptical beam. On right bank, the wide beam
(12.3"%22%) was used exclusively to sample the nearshore strata (up to 100 m) and the narrow
beam (3.6°xY9.2") was used to sample at ranges greater than 100 m. On left bank, the ncarshore
region was generally sampled using the wide beam (3.9°x9.2%), while the midshore and of(fshore
regions were scmpled with the narrow beam (2.0°x4.6" ). Appendix A documents the beam type
and threshold, transmit, receiver gain and attenuation settings by stratum.

Echoes were dizitized by the chart recorders and printed on wide carriage, continuous-feed paper
using dot matrixe printers. Charts were archived, and a small portion of the data were taped using a
Sony Belamax system in conjunction with a Model 171 chart recorder interface. Four printer
thresholds, comresponding to degrees of gray-line, were set for all strata in approximately 3 dB
increments. [nitially, the lowest sampling threshold, set at 40 dB. was approximately 9 dB lower
than the theoretical on-axis target strength of a chum salmon of minimal length (450 mm).
calculated using Love's equation (1977). Lowering the threshold by 9 dB allows for detection
across the nom nal beam width (6 dB) and some variability (-3 dB) induced by fish aspect and
noise corruption. To facilitate aiming on the left bank, the lowest threshold was reduced to
approximately -44 dB, the level necessary to detect faint bottom reflections on this side of the river,
but only targets greater than —40 dB were marked as fish. Left bank thresholds were adjusted
frequently to compensate for environmentally induced signal loss by reducing the threshold to a
level where bottom reflections were again detectable across the strata’s range (Appendix A). On
the right bank. the majority of sampling was conducted at a threshold of —37 to —40 dB. On
occasion, this threshold was raised to eliminate unwanted noise (Appendix B). Threshold levels (in

mVY) were recorded and converted to target strength, 7.8, as follows:
I ( ]1. 1 ; ; :
TS, =200 logl —| —(SL+ G, +G,) (1)
' L1000/
where
T chart recorder threshold in mV,

mw

SL = transmitted source level in dB.



(. = through-svstem gain.
Gy = receiver gain.

Aiming

The transducer was aimed to maximize fish detection. Horizontally, the beam was oriented along
the best bottom profile approximately perpendicular to fish movement so the majority of fish
would present the largest possible reflective surface. Since most fish travel close to the river
bottom, the maximum response angle of the beam was oriented along the river bottom through as
much of the range as possible.

Fluctuating water level reguired frequent repositioning and subsequent re-aiming of the
transducer beam. The [eft-bank transducers were re-aimed more ¢lien to compensate for the
dynamic bottom conditions on that side of the river. Rotator settings for each new aim were
documented and chart printouts of the new aim were marked and dated. Because rotator position
displays are only accurate to about 0.3 degrees, returning to the same rotator settings did not
cuarantee a return to the same aim. All personnel were trained to first reset pan and tilt settings.
then match bottom striations on the current chart printout with those of displeyed chart samples
when changing between sampling strata and to notify a supervisor if a “good”™ aim could not be
re-cstablished.

Svstem Analyses

‘The hydroacoustic system was routinely analyzed following procedures first established in 1993
(Maxwell et al., 1997). System analyses included a combination of equipment performance
checks, bottom profiling using down-looking and side-scanning sonar:, drifting through
unsampled regions of the river using down-looking sonars, hydrologic measurements, and drift
gillnetting behind the transducer to test for target species.

Hydroacoustic Equipment Checks

We measured the transmitter output through a 50 ohm load periodically during the tield season
and compared the results to values obtained from preseason calibrations, Weekly, we checked the
time-varied gain circuitry of each ¢chosounder by measuring the vollages of irternaily generated
calibration signals amplified by the 40 log (R) TVG circuitry at four ranges (25 m, 50 m. 100 m,
and 250 m) comparing the theoretical voltage at 1 m for each of the measured range valucs.

To verity that the sonar system was operating normally, we used a Biosonics Model 281 dual
beam ESP to determine the target strength of two stainless steel targets (38.1 and 76.2 mm) in
situ. Each target was suspended from the side of a skiff anchored offshore. We aimed the beam at



the suspended target, maximizing the echo amplitude in hoth the horizontal and vertical planes.
Signals were filtered for bandwidth (5 kHz) and half-amplitude pulse width (0.36-0.52 ms). The
minimum threshold was set just above the noise floor. Target data were converted from the ESP
software to an Access database. During post-processing. the target data were isolated from
extraneous echoes by selecting echoes within a limited range bin.

We tested the accuracy of the print threshold levels by sending a TVG-amplified calibration tone
through the digital chart recorder interface to the printer where signal amplitudes surpassing four
incremental thresholds were displaved as  ditferent gray levels. Chart recorder range
measurements were compared with corresponding oscilloscope time measurements at each
threshold amplitude.

Transducer cables were tested for transmission loss prescason. The cables were tested by
transmitting a | VAC signal through the cable and a 50 ohm load measuring the resulting voltage
with a digital storage oscilloscope.

Bottom Profiles

Bottom profiles were recorded along both banks using a Lowrance X-135 fathometer (192 kliz)
with a 20 degree circular beam to locate deployment sites with suitable linear bottom profiles.
Inseason, the fathometer was used regularly to monitor changing bottom conditions and to watch
for the formation of sandbars capable of re-routing fish to unensonified arcas. We created a
bathvmetric map of the sampling area (Figure 3) during the season using depth at range
measurements t document bottom conditions and sandbar formation.

Visual bottom images of the study arca along both banks were recorded using an [magenex
Model 001 sidescanning sonar unit and digital audio tape (DAT) recorder. These data were
recorded while motoring parallel to each shore in five minute segments and across the river
between the two transducers.

Down-looking Sonar Drifts

We obtained echograms weekly using the Lowrance fathometer while drifting with the motor
turned off to compare fish tracings nearshore along both banks to those in the thalweg to test
whether fish mizrate outside of the acoustic sampling range.

Hydrologic Measurements

Hydrologic measurements were recorded daily. Water level was measured using a staft’ gauge
located offshore from the field camp and from United States Geological Survey, Water
Resources Division benchmarks located approximately 500 m downstream of Pilot Station. Daily
stafl” gauge meesurements were adjusted to the benchmark for comparison to water levels from
prior vears. Conductivity, air and water temperature, and secchi disk measurements were
collected daily ofishore along both banks.



Species Composition Data Acquisition
Equipment and Procedures

Gillnets were drifted in three zones (right bank, left-bank nearshaore. and lefi-bank offshore) within
corresponding sonar sampling areas to estimate species composition. Six mesh sizes were {ished to
elfectively capture all size classes of fish present and detectable by the hvdroacoustic equipment.
During the summer season (prior to 19 July). gillnets of mesh sizes 216 mm (3.5 in), 43 meshes
deep (MD); 191 mm (7.5 in), 48 MD; 165 mm (6.5 in), 55 MD; 133 mm (3.25 in), 69 MD; 102
mm (4 in), 90 MD: and 70 mm (2.75 in), 131 MD, were used. Use of large mesh gear, 216 mm and
191 mm, was discontinued from 19 July through 23 July, and afier 27 July. All nets were 45.7 m
(25 fathoms. 52.5 stretch fathoms} long and 7.6 m (25 ft) deep. Nets were constructed of Momoi
MTC-30 or MT-50, shade 11 or 3. double knot multifilament nylon twine and hung using a 2:1
hanging ratio.

Gillnetting ook place between sonar sampling periods twice daily from 0915 to 1215 and 1715 to
2015, During cach gillnet sampling period four nets were drifted within each zone for a total of 24
drifts per day. The shoreward end of the left-bank nearshore drift was approximately 5 to 10 m
trom shore. The lefi-bank offshore drift originated further offshore (approximately 70 m) so as not
to overlap with the nearshore drift. All drifts with one net were completed before switching to the
next net. The two left-bank drifts with a given net were not done consecutively (Le., drifts were
done on alternate banks: left-right-left). so that there was a minimum of 20 minutes between the
drifts on the same bank.

Four times were recorded to the nearest second onto field data shects for cach drift: net start out
(SO, net full vut (1), net start 1 (SI). and net full in (FI). Fighing time (2), in minutes. for each
dritt was defined -

— S0 =5
=81 -FO '—-FOT- : F[) ]-. (2)

Drifts were generally eight minutes in duration but were shortened when necessary to avoid snags
and limit catches during times of high fish passage.

Captured fish were identified to species and measured to the nearest 5 mm length. Salmon species
were measured from mid-eye to fork of tail; non-salmon species were measured from snout to fork
of tail. Fish species, length and sex were entered onto [ield data sheets. Fach drift record included
the date, fishing time, sampling period. mesh size, length of net and captain’s initials. Scale samples



were collected from chinook salmon, mounted on scale cards, and referenced to tesi-fishing data
sheets. Data were transferred from field data sheets into an R:Base database and processed using
SAS software. Captured fish were distributed to local residents or sold to processors whenever
possible. Fisii dispersal was documented daily.

Species Proportions

Species proportions were estimated from refative gillnet sampling catch-per-unit-effort (CPUE)
data, after first adjusting for gillnet size-sclectivity. Separate gillnet selectivity curves were used for
chinook salmon (Oncorhvnchus tshawytscha), summer chum salmon (O, keta). fall chum salmon,
coho salmon (O, kisutch), pink salmon (O gorbuschay, whitefish (Coregonus spp.), cisco (C
surdinella, . laurettae), and a combined group of all other species. Gillnet selectivity curves
(Figures 4 to 7) were updated prior to the field season to include catch data through 1997.

Analytical Methods
Fish Passage

Daily fish passage was estimated by summing the counts over all sectors. converting this number to
an hourly passage rate, averaging the passage rate from each sampling period, and expanding the
final count temporally to obtain the daily estimate. Total daily passage was estimated separately for
each zone. Zone | consisted of the entire counting range on the right bank, corresponding with
strata 0-2. Zone 2 consisted of the left bank nearshore counting range from 0 m to 30-70 m (end
range dependent upon the changing bottom profile) on the left bank, corresponding with stratum 3.
Zone 3 consisted of the left bank offshore counting range extending from 50-70 m to 300-350 m
(end range dependent upon signal strength at this range), corresponding with strata 4 and S.

Total fish (y) passing through stratum s of zone z during sample ¢ ol sonar period p of day « was
calculated by summing net upstream targets over all sectors ¢,

Vawi= 2, P 3)

The passage rate ( # ) in tish per hour, for stratum s of zone z during sonar period p of day d, was
computed as
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where b, is the duration. in hours, of sample ¢ of sonar period p of day ¢ for siratum 5 of zone z.
The passage rate for zone z during sonar period p of day ¢ was computed as the sum of passage
rates for strata associated with each zone,

f'.|'_-:- Z F.’.l’:,u‘\ . (S)
The passage rate for zone z during day ¢ was estimated by the average sonar penicd passage rate,

i . (6)
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where ny, the number of sonar periods during day « on zone z. Finally, the total passage of fish in
zone = during day  was estimated as

Y. =24F, . (7)

Sonar sampling periods, each three hours long, were spaced at regular (systematic) intervals of
eight hours. Treating the systematically sampled sonar counts as a simple random sample would
over-estimate the variance of the total. since sonar counts were highly autocorrelated (Wolter
1983). 'l o accommodate these characteristics of the data, a variance estimator based on the squared
differences of successive observations, recommended by Brannian (1986) and modified from
Wolter (1985), was employed;

.-(’:: ’::i--'-'):
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where f- denotes the first-stage sampling fraction, 8 hrs/24 hrs = 0.33.

Missing Data

Equipment malfunctions and other uncontrollable events occasionally resulted in missing sonar
data, When individual subsamples within a sonar period were missed, fish passage was estimated
based on existing subsamples for that period. [f a portion of a subsampie was missed, fish passage
was estimated from the remaining sample provided the sample contained at least five of the fifteen
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minutes. Data missing from a single stratum for an entire period or more was estimated from data
obtained from penod(s) sampled during the same dav. Data missing from an entire day was
estimated from the opposite shore’s data surrounding the missing day.

Species Composition

The catch () of species ¢ and length / during drift / of mesh m during gillnet sampling period / in
zone = on day o was first adjusted for gillnet selectivity (s) of species i and length / in mesh m.
Adjusted cateh (a) was calculated as

O ot ims Llll.l’;lﬂ"li_ . (9)

Sitin
if selectivity was at least 0.10. [f selectivity was less than 0.10, adjusted catch was set to zero.

Total effort {¢), in fathom-hours, of drift / with mesh size m during gillnet sampling period /in zone
z on day d was calculated as

l.ﬂl':.'wf ks - L K (l 0)

since atl nets were 43,7 m (25 fathoms) long. CPUE () for length { of species ¢ in drifts of mesh
m during gillnet sampling period f in zone z on day « was computed as the total adjusted catch
divided by total effort.

Z A itz
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The mean CPUL across meshes having non-zero CPUE was computed. i.e.,
| i
(-'1:'..‘:1‘ = L( ilef=fin (12)

nnm’u‘:,r ni
where n,,.. 1S the number of meshes having adjusted catches of length [ of species i greater than 0

during test-fish period fof day d in zone z. 'he total CPUT. for species § was computed by summing
over all lengths,
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Cotr = 2 Cousr - (13)

The proportion () of species i during test-fishing period fin <one z on day 4 was then estimaled
by the ratio of the sum of the mean CPUE of all lengths of species i having non-zero CPUI to
the total of the same quantity summed over all species, 1.e.,

s
P = e=—. 14)
PIIJ Z('Vni:," (
For zone z on dav ¢, the proportion of species { was estimated as
ZC..'E:.'
; (15)
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which is equivalent to the mean of the two test-fishing period proportious, weighted by the total
CPUE for all species in each test-fishing period.

The estimator of the variance of p,.- was adapted from Cochran (1977:64), weighting each
replicate by total (all species) CPUE:

\

Var( p,,.) Z:— — | (16)
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where
i, ., is the number of gillnet saunpling periods in zone = dwing day d.

Fish Passage by Species

The passage of species / in zone z during day o was estimated by

1 i ."n]..': ¢ 15 e (17)



Passage estimates were sumimed over all zones and all days to obtain a seasonal estimate for species
¥y

i

h ;Z‘ : (18)

Except for the timinb of sonar and gillnet sampling periods, sonar-derived estimates of total fish
passage were independent of gillnet-derived estimates of species proportions.  Therefore the

variance of their product (daily species passage estimates y;;- ) was estimated as the variance of the
product of two independent random variables (Goodman, 1960),

I:’ar(j-’.d__) yd i}(lf'(p )+pd Var(3 ) m() Cur (p..). {19)

Finally, passage estimates (equation 18) are assumed independent between zones and among days,
s0 the variance of their sum (equation 19) was estimated by the sum of their variances,

l}ar(‘}?')'— Z Z lk':.cr(_i'm,_) . 20)

Assuming normally distributed errors. 90% confidence intervals were calculated as
b 21645, Var(Y,). 2n

SAS program code (Maxwell and Huttunen. 1998) was used to calculale passage estimates and
estimates of variance.

Missing Data

Equipment maifunctions, debris, and commercial fishery openings occasionally conflict with gillnet
sampling. When insufficient gillnet sampling data is available for a given day, the data are pooled
with data from an adjacent day with adequate data, and the pooled data are applied to the
corresponding dayvs of sonar passage estimates.

RESULTS

I'he Yukon River sonar project operated from 6 June through 9 Scptember in 1998, [nitial high
water created a series ol problems including range-dependent signal loss. a large reverberation band
which partially masked targets in the left-bank nearshore range. and a heavv debris load. Debris



prevented the collection ol right bank sonar data on 8 June (Figure 8). Passage on this day was
estimated using the relative passage on the left and right banks on days before and after the mussing
day. The reverberation band diminished rapidly after the first few days of sampling, thereafter
obstructing only a short range of the left-bank nearshore stratum. We were able to compensate for
the range-dependent signal loss throughout the field season. Infrequently. sonar data was
unobtainable due to wave action against the transducer which caused the signal to fade in periodic
intervals. Passace on such days was estimated from sonar data that was collected on those days.
Passage estimates by speeies were transmitted to fishery managers in Finmonak daily.

Test-Fishing

A total of 10.256 fish were captured during 2,256 drifts totaling 15,556 minutes. The catch
consisted of 3.545 summer chum salmon, 2,196 fall chum salmon, 408 chinook (700 mm length or
greater), 190 “jacks™ (chinook less than 700 mm in length}, 1,306 coho salmon, 980 pink salmon.
605 whitefish, 760 cisco. and 206 fish of other species. Gillnet sampling was not conducted during
two scheduled commercial fishery openings in District 2 (26 June and 2 July) to avoid disrupting
commercial fishing activities. On both commercial fishing days. the entire suite of gillnets were
drifted during one exterded sampling period. One period of gilinet data (24 June. period 1) was lost
during sampling. Data from missed or partial gillnet sampling periods were pooled with those from
an adjacent day to estimate species proportions for both days. Data were also pooled when the daily
total capture in a single zone was low.

Hydroacoustic Estimates

An estimated 1,768,255 + 16,379 (s.e.) fish passed through the sonar beams during the 1998 field
scason; 606,273 + 9,655 (34 %) along the right bank, 839,168 + 12,137 (48 %) along the left bank
nearshore, and 322.814 + 57272 (18 %) along the left bank midshore and offshore. Tables 2 and 3
provide daily passage estimates by zone. standard errors, and the total passage coelficients of
vartation for the summer and fall scasons, respectively.

Chum salmon was the most abundant species during both the summer and fall seasons (Figure 9).
Chum salmon passage estimates totaled 1,227,790, with most (830,633 + 15,058 passing the sonar
site during the summer season and the remainder (397,157 + 7,696) during fall season. The summer
chum salmon run was dominated by three pulses, with peaks occurring on 25 and 30 June, and 9
July. The fall chum salmon run consisted of seven small pulses. Chinook salmeon passage estimates
were comprised of 83,175 + 4,441 fish greater than 700 mm in length and 38.871 + 3,122 “jacks™
shorter than 700 mm. The coho salmon passage estimate was 176,792 + 6.666. although this
number may not include the entirety of the run. Although the first coho salmon was captured on 19
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July. no more were captured until 30 July. Coho salmon numbers increased slowly peaking in the
latter portion of August with the largest daily estimate occurring on 5 September. The sonar project
is not designed (0 assess the entire coho salmon run which continues beyond the time frame of the
project. The estimated passage of all other species combined totaled 241,627 + 7,936, including
pink salmon, cisco, whitefish, inconnu (Stenodus leucichthys), burbot (Lota lota), sucker
(Catostomus catostomus), Dolly Varden (Salvelinus malma), sockeye salmon (Oncorhvnchus
nerka). and northem pike (Esox fucius) (Table 4). Daily passage estimates by species for the
surumier and fall seasons are listed in Tables 5 and 6. respectively.,

Passage estimates for both chum and chinook salmon were very low compared to 1997 and 1995
estimates. Coho salmon estimates were only slightly lower when compared at similar ending dates
(Figures 10 and 11). Summer chum salmon run timing was late with 25% of the 1998 run occurning
five days later (225 June) compared to 1997 and 1993 runs (both 20 June) and 75% of the 1998 run
passing through by 6 July compared to 5 July 1997 and 3 July 1995 (Figure 12). Twenty-five
percent of fall chum salmon passed the sonar site by 9 August, eleven days later than in 1997 and
[995 with the majority of the run (75%) passing by 24 August in 1998.

Chinook salmon run timing was late with 23% of passage occurring on 25 June in 1998 compared
to 12 June 1997 and 14 June 1995 (Figure 13). The majority of the chinook salmon (75%) passed
the sonar site by 6 July, later than in previous years. The last chinook salmon captured on 16
August.

Relatively high correlations were observed between summer season passage estimates and gillnet
CPUL for the right-bank. left-bank nearshore, and left-bank otfshore zones (R=0.717. R=0.838, and
R=0.701 respectively: p<0.001) (Figure 14). Fall season passage estimates and CPUE were
significantly correlated for the right bank (R=0.647; p<0.001). but not for the left-bank nearshore
and offshore data sets (R=0.363, p=0.05 and R=0.332. p>0.05) (Figure 15).

The percent of summer and fall passage was plotted in 20 m range increments by bank and season
for 1995, 1997 and 1998 to illustrate the horizontal distribution of tish in the sampling area (Figures
16 and 17). Passage levels declined sharply as a function of the distance offshore. On the left bank,
90% of the detected passage occurred within 130 m of the transducer in 1998, 150 m in 1997, and
190 m in 1995. On the right-bank, 90% of the detected passage occurred within 70 m of the right-
bank transducer during each of those years.

System Analyses

Fstimates produced from twenty-four hour sampling periods were lower than 90% confidence
intervals surrounding the routine nine hour estimates in three out of five trials, just above in one
trial. and within the 90% confidence interval in one trial (Table 7). Three fourteen-hour sampling



periods produced higher estimates than corresponding nine hour estimates, but &ll were within the
nine hour estimates’ confidence intervals,

Bottom profiles conducted along the left and right banks at the transducer ocations revealed
smoothly sloping linear profiles suitable for sonar deployment (Figure 2). Mo changes were noted
in the steeply sloping, rocky bottom along the right bank. The left-bank bottom profile remained
linear within the sampling range for the duration of the field season. The side-edge of the river bend
sandbar, labeled in Figure 2. is located outside the left-bank sonar range (300-330 m) at
approximately 500 m. The tip of the river bend sandbar extended from the river bend downstream
past the left-bank sampling area encroaching within 200 m of the right-bank sampling area (Figure
3. A second sandbar, the Atchuelinguk sandbar, extended downstream: along the right bank from
the confluence of the Atchuelinguk and Yukon Rivers to slightly downstream of the First Slough
entrance remaining well upstream ot the sampling area. We monitored both sandbars closely
throughout the field season.

A total of 90 drifis were conducted this field scason while charting the bottorn with the down-
looking sonar. 34 drifts paralle! to each shore and 22 drifts down the river’s channel. Tracings that
resembled single fish tracings were counted. Neither clumps of echoes nor unidentifiable traces
were counted, The fish passage rate per square meter was calculated and compared among the three
zones with the following results: left bank 30.6%. right bank 68.8%, and the thalweg 0.6%. If more
of the questionable traces were added in, the right bank percentage would be higher with little gain
in either the left bank or thalweg zones. The charts best illuminating fish traces for each region are
depicted in Figures 18 to 20.

[he Yukon River was rising when we arrived at the Pilot Station f{ield camp. It crested on 13 June
at 7.08 m, declined gradually reaching its lowest point (5.16 m) on 13 August, then rose shamply
peaking at 6.59 m on | September (Figure 21). The crest was slightly lower compared to 1997, but
more than 1 m higher than either 1996 or 199575 high points. Conductivity rose slowly during the
field season then dropped sharply after [ September (Figure 22) ranging from 97-272 pS off the
left shore and 76-239 uS off the right shore when corrected to 25 “C. The daly fluctuations in
conductivity are due to spatial rather than temporal differences in conductivity on the right side of
the river. A comparison of water level and conductivity demonstrated an inverse relationship for
both the right and left sides of the river (R=-0.37 and R= -0.50; p<0.001). Offshore from the left
bank. secchi disk visibility varied from 5-18 ¢m below the surface with an average visibility of 10
cm. Secchi disk visibility ranged from 8-26 cm off right bank with an average of 13 cm visibility.
Water temperature ranged from 7-19 "C and averaged 14 °C.

Feriodic inseason transmitter output measurements from the project’s Model 101 echosounders
showed little deviation (less than 1/2 dB) from preseason values (Figure 23). No preseason values
are available for the Model 102 echosounder, but two inseason measures differ by less than 1/2 dB
which was likely within measurement error. TVG function analyses (Figures 24 and 23)
demonstrated relatively consistent performance with a maximum difference between tield measures
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of less than 1% dB for the narrow and wide beam channpels of all project echosounders with the
exception of the right bunk narrow beam channel which differed by 2 dB between field measures.

Chart recorder print threshold analyses of echosounder 101-83-039 showed an average difference
of -0.41 £ 0.26 dB (s.d.) (narrow beam channel) and -0.55 £ 1.05 dB (wide beam channel) between
voltage levels translated into chart recorder ranges and time measurements of the same signal
measured on a digital storage oscilloscope. The right bank echosounder (101-83-036) showed an
average difference of 0.20 + 0.21 dB (narrow beam channel) and 0.31 + 041 dB (wide beam
channel) while the printed thresholds of echosounder 102-89-019 differed by an average of -0.25 +
0.22 dB {(narrow beam channel) and -0.23 = 0.18 dB (wide beam channel) |
oscilloscope time measures.

rom similar

Signal loss through the six 312.5 m (1,000 foot) transducer cables averagzed 2.4 £ 0.8 dB prior to
the field season. No comparative measures were made inseason or postseason.

Dual beam sonar target strength estimates of the stainless steel targets were highly variable (Table
8). Within this variability, one trend was noted. The 76.2 mm stainless steel sphere measured near
the river surface produced an average target strength of 15 dB higher than the average target
strength measurad at a depth of 1.8 m, with no overlap between the central 90% of the two data sets
(Figure 20). Both data sets were collected on 10 July at a range of 24.5 m. Target strength estimates
ot the same sphere on the same day mecasured at a longer range (99.5 m) near the surface of the
river averaged -33 dB, overlapping the 90% confidence limits of both shorter range (24.5 m) data
sets. The small stainless steel sphere (38.1 mm} measured at a range of 42.5 m offshore of the lefi
bank averaged -42 dB with 90% of the target strength values between 48 and ~38 dB. This same
tarzet when meesured offshore of the right bank at a range of 36.5 m averaged -27 dB with 90% of
the target strengzh values between -38 and -22 dB.

A reverberation band appeared in the lelt bank nearshore strata during the early and latter portions
of the 1998 field season. The amplitude and range of this band were less than documented in 1997
{Maxwell and Huttunen, 1998). The reverberation band was typically broken into two dominant
peaks, one always less in amplitude than the other ranging from 10 to 30 m wide, 10 m from the
left-bank nearshore transducer (Figure 27). The unwanted signal was dispersed enough that {ish
tracings were detectable within the majority of this region during all but the first week of the field

S¢as0n.

On 26 June. we measured echo amplitudes from the reverberation band with a digital oscilloscope
at an array of pan and tilt angles. These echo bands were 16 to 23 m wide in two distinet bands
ranging from 6 to 38 m from the transducer. [n the first series of measurements, we panned the
transducer horizontally in approximately four degree increments adjusting the tilt to maximize the
river bottom echoes at each pan angle (i.e. the ‘best’ sampling tilt for each horizontal position). The
approximate peak and a 128-ping averaged peak of the reverberation band were measured. Peak
and averaged peak amplitudes are displayed in Figure 28 (top) for each pan angle. No clear trend is
discernable from this chart. The zero pan angle represents a perpendicular aspect to the river’s



current: negative values are downstream of perpendicular. Peak amplitudes ranged from 41 to —43
dB with the averaged peak value approximately 3.1 dB lower. During the second series of
measurements, the transducer remained at the zero pan while the tilt was adjusted (Figure 28,
bottom). The zero tilt angle is aimed far enough below the surface to avoid receiving backscatiering
energy from the air/water boundary. Decreasing angles tilt the transducer toward the river bottom.
Peak measures ranged from —44 1o 48 dB with the averaged value approximaiely 2.9 dB lower.
I he trend in this chart is clear. As the transducer is aimed closer to the river bottom. the amplitude
of the reverberation band increases.

We experienced changing signal loss as a function of range during the field szason. Signal loss
always accompanied the reverberation band but frequently oceurred when the reverberation band
was not detected. Signal loss was detected by the decreased intensity of bottom reflections on the
printed echograms at ranges beyond 150 m. We did not observe range-dependent signal loss on
right bank echograms (however, the maximum range on this side of the river is less than 150 m).
We compensated for range-dependent signal loss and penetrated the reverberation band through a
combination of increasing transmit power, increasing receiver gain, adding TV, lowering printer
thresholds, and/or changing range strata to more closely match the pattern of signal loss. These
techniques reduced lefi bank thresholds (Figure 29). We compared signal loss (Lsing the changing
threshold level in the outermost left bank strata to estimate the loss) with water level, secchi disk
measures, conductivity, and water temperature to search for evidence of an environmental cause
(Figures 30 and 31). Secchi disk values and water temperatures plotted against daily thresholds in
the outermost left bank strata revealed weak but significant linear relationships (R= 0.40, p< 0.001.
R= -0.45, p= 0.001). No relationship was observed between threshold and either water level (R=
0.04; p> 0.1) or conductivity (R=-0.24, p> 0.01).

DISCUSSION

The Yukon River sonar passage estimates agreed with other estimates of abundance and
escapement. Most indicators showed low returns for chinook salmon and both runs of chum
salmon.

The drift gillnet program captured sufficient numbers of fish in the left bank nearshore and right
bank zones for daily species apportionment. However, gillnet catches in the left bank offshore zone
were either low or in many cases zero, frequently requiring us to combine fshing data from
multiple days to apportion the sonar estimates. On one occasion, it was necessary to combine five
days of fishing data. We need to assess whether combining data across days or across range would
better reflect species proportions during low catch periods. It may be necessary o include a menu
system in the SAS programming code that will allow changing our strategy inseason if necessary.



Gillnet CPUE and passage estimates correlated reasonably well during the summer season. but very
poorly during the fall season. This fall season showed the poerest correlation between these data
sets when compared with data from 1997 and 1995, The lack of correlation on left bank during the
fall scason is most likely a result of the extremely tow catch rates during that time.

[.eft bank horizontal range distribution charts show that fish were concentrated n a region closer o
shore compared to prior years (Figures 16 and 17). This trend follows a decline in passage
estimates in those sume years suggesting a positive relationship between run size and the width of
the migratory range. On the right bank, where the steep river bottom forces fish into a narrow
region, no change was observed in the migratory range from 1995 10 the present. The steep drop-off
in fish numbers on both banks as range from shore increases suggests that few fish travel outside of
the ensonified sampling range. However, this conclusion must be considered tentative. Another
possibility is that detectability declines as horizontal range increases. With the large variability
noted in target strengths and the difficulty of conducting target work at long ranges. this possibility
has not been fully assessed.

Overall, twenty-four hour sampling periods produced lower estimates compared to routine nine
hour sampling periods. We expect a slight reduction in these estimates due to the interference of the
drift gillnet program which is actively sampling during six hours of the expanded acoustic sampling
periods. This was the first year we collected data over fourteen-hour sonar sampling periods. The
expanded portion of these periods teok place overnight when there was no drift gillnetting in
progress. These estimates were all larger than, but within the 90% confidence intervals of, nine
hour estimates. With only three fourteen-hour sampling periods for comparison, any conclusions
must be considered preliminary.

Bottom profiles on the right bank were very similar to prior years™ profiles. We seldom note any
substantial changes along this side of the rver. On left bank. the profiles remained linear
throughout the tield season. Bottom proliles suitable for sonar assessment were found on both sides
of the river.

Two sandbars observed in past years were present this field season. The Atchuelinguk sandbar
remained far upstream of the sampling region. We don’t expect to see a downward progression of
this sandbar. The lower edge of the sandbar i1s washed away by the current of First Slough. The
river bend sandbar had progressed downstream since the 1997 field season. In 1998, the side-edge
of the sandbar was charted at 500 m offshore from the left bank transducer. The most downstream
extension of this sandbar was observed 200 m upstream of the right bank transducer at a depth of
over 50 ft. We fished the upper reaches of the sandbar on two occasions and tangled a coho salmon
during one drift. No other fish were captured. [t is difficult to determine the pathway fish might
travel to approach this sandbar. or the degree to which they use it. The upper reaches of the sandbar
are more than 1,000 m above the right bank transducer. 1t is likely that the captured coho salmon
approached the sandbar from the right shore well after swimming past the transducer. As the fish on
this side of the river migrate upstream. they pass the edge of the Atcheulinguk sandbar. Below this
sandbar a cliff drops off very sharply to the thalweg (Figure 3). This would appear to be one likely
location for fish to cross the narrow thalweg over to the sandbar. However, this is only speculation
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since we are unable to plot fish movement upstream from the site. Horizontal distribution plots
(Figures 16 and 17) show no sign of offshore movement by fish. As mentioned previously. the fish
migration corridor appeared to be closer to the left shore this season but showec no change on the
right bank. It fish are traveling offshore to the sandbar either downstream of or at the sampling site,
it would seem reasonable to observe a change in their horizontal distribution. During the next field
season 1t will be extremely important to continue to piot the movement of the sandbar, monitor fish
distribution. and fish with gillnets along the sandbar.

['his season we altered the down-looking charting method used to search for fish in unensonitied
regions of the river from transecting across to drifting down the river. The cross-river transect
method provided no useful data. Few fish tracings were observed at any range regardless of fish
passage rates, [n 1998 instead of transecting the river, we began drifting parallel to the lelt and right
shores (within the sampling area) and down the thalweg (outside of the sampling area) in an attempt
to reduce possible boat avoidance by migrating fish. Although more fish tracings were observed
using this method, the results are still uncertain. The down-looking system overwhelmingly
detected fish within the nght bank zone. A higher pecentage might be expected due to the smaller
migration corridor on this side of the river. Because the fish are more spread out on left bank, we
expect fewer detections from the down-looking system. If we apply a correction tactor to the data to
take mto account the smaller migratory wadth, the right bank count would drop from 69% to 52%.
still a long way from the 25-35% passage typically observed from side-looking samples. Although
the theoretical ensonified area was taken into account when calculating fish per zone percentages.
the 20 degree beam information comes from the owner's manual. We have never calibrated nor
obtained sensitivity plots of this system. The effective size of the beam can vary depending on
many factors including but not limited to target size, attenuation, and multi-path interference,
Another confounding factor is the current speed which is fastest in the channel and slowest along
the left bank resulting in a larger sampling area over the thalweg compared to left bank. Since the
rizht to lell bank ratio is 5o different from what we ohserve with the side-lookingz system. the ratio
of targets observed in the thalweg zone is alse questionable. For the upcoming field season, more
reliable data could be obtained by using a calibrated scientific down-looking sonar system,
measuring current speeds In each zone sampled, and doing target work with the down-looking
sonar to determine the effective beam size at various depths. Even with these improvements, the
number of variables outside of our control may be too great to obtain meaningful data.

During the field season, we charted some very unusual echoes with the down-looking system.
Some of these echoes can be attributed to water-logged debris. Other traces show active vertical
movement suggesting the presence of an animate target. These targets were detected primarily
during late August and early September (Figure 32). At this time we can only guess at what might
reflect sound in this manner, The large pulse widths and long residence timie in the beam suggest
cither a very large reflector or possibly an assemblage of targets. The tracings don’t resemble
targets traditionally identified as fish by this system (Figures 18 and 19). Coho salmon, chum
salmon. and a few whitefish were captured in the drift gillnet test-fishing program prior to and after
the recording of these unusual traces. No major changes were noted in species composition during
this time of year with the exception of cisco. Although no cisco were captured or the day this chart
was plotted, their numbers did increase during the latter portion of the season and many were
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captured in the davs surrounding this time period. Because the targets were recorded with the
down-looking. non-scientific system, the echo strength is unknown. A side-looking sonar sample
collected at the same time in the same region did not produce any unusual tracings. It is possible
that the tracings produced in Figure 32 are below the sampling threshold (approx. —40 dB) of the
side-looking sonar system. A scientific down-looking system. set at a known threshold, would
provide more information regarding these animate targets. These charts demonstrate the
insutficiency of sonar data on non-target species in the Yukon River. Research needs to be done in
this area.

Within recent vears, we first noted large amounts of signal loss at the onset of the 1997 field season
from the loss of bottom structure across printed charts at long ranges. High water and its
accompanying silt load appeared to be the cause. As the water level rose, we began 1o lose signal in
the outermost left bank range. As soon as the water level peaked, signal amplitudes increased.
Following the 1997 field season, we compared water level with signal loss observing a significant
but weak linear relationship (R = -0.49; p < 0.001) between the data sets, This same correlation was
not observed in 1998, Taking a closer look at the relationship between range-dependent signal loss
and changes in hydrology from 1997 and 1998 field seasons confused the situation further, The
only commern denominator between the two seasons was a correlation between threshold and
secchi measures (1998 R = 0.40, p < 0.001; 1997 R = 0.49, p < 0.001). No other hydrology
measures were sigmficantly correlated across both field seasons. The correlation between secchi
measures and threshold must be considered extremely tentative due to the crude tools used to
measure both turbidity and signal loss. Numerous variables other than turbidity can affect the
secchi disk measure including daylight levels. the visual acuity of the observer, and the strength of
the current which affects the secchi disk angle in the water. The left bank outermost range threshold
is not only a crude measuring tool but is biased at both ends. Minimum thresholds are determined
by a combination of the equipment’s capabilitics, noise. and reverberation from the environment.
The maximum threshold used on left bank is -44 dB. To further explore the relationship between
turbidity and signal loss, 1t will be necessary to obtain a turbidity meter and an objective measure of
signal loss at range.

As the highly variable data in Table 8 indicate. measuring echoes from a target provides an even
less accurate measure of in situ signal loss. The dual-beam system restricts our ability to conduct
target work bevond 100 m because the wide beam (3.8") doesn’t it into the water column (3.37) at
or bevond this range. Since signal loss is most evident beyond 150 m, dual-beam target strength
measures are an inappropriate measuring tool. A second problem stems {rom multi-path echoes. We
[requently observe multi-path echoes from f{ish targets in the range of 25-70 m. Al these ranges.
some multiple pathways are different enough to produce over a meter separation between the direct
and multiple path echoes. The longer the range, the more pessibilities there are for non-direct routes
back to the transducer, especially on the left bank of the Yukon River where the river bottom drops
off very slowly. Interference from multiple returns arriving close in time will increase the
variability in target strength estimation. A split beam system would allow us to extend the range of
tareet work. but will not reduce error from multi-path echo interference.
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Estimating fish passage in the Yukon River continues to present major technical and logistic
challenges. The extremely dynamic nature of the water level, turbidity, bottom substrate.
reverberation band, and range-dependent signal loss create a difficult sampling environment. The
hydroacoustic system that we employ in the Yukon River appears to work well for the purpose of
detecting passing salmon. We were able to compensate for identified signal loss throughout the
field season by modifying equipment parameters in response to the frequent environmental
changes. Successful estimation of fish passage depends upon constant attention to the frequent
changes and diligent re-checking of every part of the acoustic and environmental system,
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Table 1. Preseason Yukon River sonar equipment culibration data. 1998,

Receiver  Std G1 G1 -13dB  -10dB -6 dB -3dB 0dB
Sounder Cables Transducer GainL  Volisin  NB 40 WB 40 St SL SL SL SL
101-038 1000 Belden 502Y/501Y ITC 004 Case | #] 1 -168.73 -168.33 211.73 21470 21865 221,80 224.70
101-039 1000 Belden 504Y/503Y ITC 005 Case | 3 -169.38 -1689.38 21168 21452 218861 221.32 22459
101-036 1000' Caroi 202/201 ITC 003 Case I 0 3 17198 17657 20730 21044 214.23 217.39 22032
102-019 1000’ Belden 502Y/501Y ITC 004 Case | no calibration was performed with this combination of equipment.
102-019° 1000' Belden 504Y/503Y ITC 005 Case | o -3 -188.72 -168.06 209.83 21273 216.49 219.38 22237

* This calibration was compleied postseascn,

May 1999,
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Table 2. Daily estimates of fish passage by zone from 6 June to 18 July for the Yukon River sonar project. 1998,

Totai
Right Laft Bank Laft Bank Passage Percant Percant
Repon Bank Sld  Nearshore® S Oftshore”  Sig Total S Coeffcent  Righl Bank  Left Bank

Pericd Date Passage Eror Passage Eror  Passage  Ermor Paszsage Erar of Vanation Passage  Passage

1 &Eecs 380 41 a1g 248 448 B4 1,744 264 0.151 20.64 7538

1 &71508 250 a3 1,313 345 475 an 2078 353 0172 13.98 BE 04

1 Bfa1eo8 1,112 128 1,123 295 402 76 2.6837 is 0125 4217 57 83
2 &m/088 1,884 178 1,208 275 480 121 3 348 0102 48,61 51.39
2 BM0/M898 1,648 174 1,022 217 346 g1 37 283 0.087 54,86 45 34
3 &M1rbas 1,484 76 813 G4 84 87 2671 149 0.058 55.93 44.07
4 Bf12/1098 1,045 149 1,428 228 309 04 2,782 288 0103 37 58 £2.44
5 613008 1,424 252 1,744 227 £45 164 3723 a7z a1 38,52 A1.48
6 6/14r1088 2,154 208 2,732 445 374 205 5,570 565 0102 3B B5 81.15
7 &ME8M858 2,415 400 806 580 1,354 485 6,665 855 0,128 36,23 83,77
8 GM16M19%8 2371 82 2,391 160 ERd 85 5,648 206 0,038 4108 S
9 &/M71998 1,723 61 1,523 120 853 44 3,898 181 0,041 44,18 5581
10 &/18/1998 1,345 245 1917 147 TH 132 4,042 314 0.078 33.28 £6.72
10 &/19/19%8 TAE 140 1714 285 1,156 166 5,638 a3 0.066 13,82 85,38
11 &/20/1998 1177 44 3,411 715 fExt= 80 5527 720 0.13 212 7a.r
12 &2119%8 2408 #16 8585 1901 1,809 713 11,272 2228 0188 21.36 TH.E4
13 Ef22r1998 7071 1208 29128 3330 TBES 2454 36,054 4335 0.12 1961 &0.38
14 B/Z105%8 4,204 460 18,586 2724 5,884 561 27,034 2819 0104 15,58 84,45
15 B/24/1938 16,519 2258 32983 2624 8,255 774 57,767 3548 0,081 28.6 T1.4
15 B/25/19%8 19,288 2838 54073 4301 9,547 933 83,308 5131 0082 23,15 76,85
18  B/26/1098 12818 1148 23458 3628 9819 1442 46803 4088 0.080 27.83 7207
17 Er27M9E8 5817 510 14,081 930 7.185 728 27,083 1285 0.047 .48 78,51
18 &/28119%8 8,864 740 8,248 §10 2,768 a7 17,508 a0 0.082 177 8023
19 8/28/19%8 16,637 4885 19305 5788 3,284 1050 38228 TH4S 02 40,91 50.08
20 Si30/1998 79,429  38&2 52078 1828 B.400 1004 89,857 4087 0.040 3275 67.25
21 TR 32808 1963 38183 2428 10,511 1641 81,502 3527 0.043 40,25 50,75
23 TIM9ER 32488 3262 34810 3089 12,243 1445 TE.538 4706 0058 40,84 5016
23 731998 17,935 854 ZBETS  3zi8 7,543 920 54,551 3478 0,084 32.88 87,12
24 Ti4/1998 11,880 1422 12,785 878 4,983 448 20,738 1837 0.055 40,32 50.68
25  TIEM1968 11,277 357 11,382 487 2,233 229 24,802 B45 0.026 4512 £4.88
28 TMEM G0 6,427 524 TS 423 2,508 218 15,822 TO8 0.044 40,37 £0,63
26 7908 5678 4585 3,809 230 1,564 136 10,949 528 0.048 &0,83 49.07
27 Tienens 15426 1600 9,153 898 4257 1067 28,836 2123 0.074 535 485
28 791998 22457 1972 20,741 507 B,458 430 51600 2081 0.04 43,43 &B.57
29 Ti001998 19650 1834 15,181 948 7,564 1045 42435 2158 0.051 46 4 536
30 T111998 22,8567 1524 12011 981 4,001 132 38,579 1847 0.047 58.5 415
31 Tivanges 14,085 1652 10,512 501 3.241 349 7848 1TE1 0.063 5081 49.39
32 Ti1argea 5,088 70 7,385 562 1,747 1681 14,200 Bas 0.045 35,83 6417
33 Tid/1998 3.685 88 5274 250 1,125 135 10,084 301 0.03 18,54 6348
33 TMEMG08 3748 BE 5,561 275 2,230 268 11,540 380 0,034 32.48 87.51
33 TMengod 2843 52 3,589 182 1,129 136 7,881 233 0.03 TN &2.89
33 TAhTheos 2,002 ar 2,996 148 Bas 83 5,693 174 0.0M 3517 &4.83
33 THaege 1,853 30 2.834 145 1,040 125 5,827 194 0.034 20.38 7062

SUMMER TOTALS Ir2e4 5408 509,532 11,429 151 987 4,704 1,034,433 15531

“Left Bank Nearshore Range: 010 (50-70) m
"Let Bank Offshore Rarge: (50-70) mto 300 m
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Tahle 3. Daily estimates of fish passage by zone from 19 July to @ September for the Yukon River sonar project, 1968,

Tatal
Right Lefl Bank Left Bars Paesage Pefgent  Pecent
Aepot Bark S Neamshore' S Offsnors” S Team St Cosficient Right Bark Lefl Bank
Parcd Dasa Passage  Emor Passags Errar Passags Eror Passage Emor ol Variabon FPassage  'assage
3 THEM9eE 24332 131 1,83 126 457 4z 4,550 187 00041 5133 46 67
34 TIZoM9ES 1,337 B3 1,855 128 B25 53 amT 18 0042 #0.27 587
34 izinEsa 1 105 2084 162 53 &7 4 528 204 0042 02 588
35 TEanasa 3174 115 3,185 (Fi] B33 57 7182 177 0025 44 13 55.87
a5 Fizaesa 3238 17 5232 199 1,142 e 9512 a4 0025 313 &9 a8 31
35 Tradges 4074 147 4 faa 1 fiza 4 0,642 238 0.025 4225 &r.75
3 TR25M99A 3,238 53 3.188 345 adr = 7.073 36T 0082 45 TE S4.322
3 MNIENgeR 213 a2 31,582 4 1.217 1459 7.318 458 0.063 2923 w7
¥ TiaTnees 1533 T 3942 428 2,378 Fel| B,A81 523 0058 L 7138
7 TRW1E08 2.0a7 az i 488 31 2.608 243 9.243 348 0038 2225 L]
37 Tr2ovigcs 21.392 a7 3254 17 2.5a7 225 B, 183 302 o037 282 TO&E
M T1eed 2,508 124 108 148 1,464 a4 602 244 oos 4158 &8.42
3B TAEEs 1,602 T8 1.7ES ans 1,515 146 5,832 Er i) 0047 242 Tr.54
38 anmses 2,183 ica 5,053 an 1,603 154 a.ars 416 0.047 24 58 7543
3\ wANFE ana 126 4,530 144 3682 1E1 11,330 248 0.0z 27 52 7248
B ANeEE 3,087 FH] 4,834 12 4,029 154 11,600 264 0022 2587 7413
I3 M908 2496 101 4,885 125 2921 143 10,382 25 o021 2404 75,98
40 BSHEon 3433 ITE 4 G56 a5 1,660 413 12,048 49 0.0s3 28 45 7161
& WEN9e 3 7 273 Fald 362 kL 8,178 448 oS! mor 163
a1 BTesa 5,105 80 4319 a4 a2z 15 13,246 45T 0034 1454 B1.48
41 Amnges 4830 245 154 280 3,590 142 11,341 el ] 0,033 ailas 58.55
47 amnson 1T Erg) 7,048 M 4,498 180 19,272 REES .02s 4008 s
4 anrges 10,584 419 B.248 32 BT 24 25 149 823 0035 AZ09 5791
42 Bhyigse T.T38 3 T8 343 4751 168 18,807 a8 0.025 3847 81.12
) aM2neas 4,484 1.4 3,538 313 3482 15 11,614 404 0034 7T 822
43 BN 3608 144 EN b 248 2618 Rk 9,351 A 0.034 3456 BY 44
43 Bianooa 3,268 134 4,754 EE 321 158 11,143 430 o003 ri-Jk | TO6T
44 B5Moa8 4872 519 5,308 472 5216 583 16,354 g2 aos 2848 T35
44 WTEMEEE T.261 Ti4 11,754 BES 7267 a12 28,282 1305 005 2T E3 1237
45 WTIesA 11,E87 T4 14 532 202 5,834 1323 35,233 1366 0033 3368 86.32
45 BM1BNS0R 588 02 13,408 B35 fi 448 &30 28,547 1381 0.o052 i | T48
47 AMEEER 4452 173 e 565 8,535 wan 18,689 a3 0042 38 T8
47 Bafeas 5,634 s} .12 4G5 K- 35 18,036 S04 0038 aroa a297
47 B21nsas 5875 Fst] 7481 551 4,203 340 17,850 -] 0.0 3384 6616
48 BE2neEn 5025 245 10,774 618 3,674 \B8 19,473 585 0.035 258 faz
40 BRA15EE 6,342 752 17212 1465 5,885 219 29,235 1583 a.0%8 2188 mn
50 Brzdngas 5250 235 17 662 1693 5894 &40 29,005 1788 0.081 1813 B1.87
51 8251598 R ] 145 11,263 510 4,058 28 20,418 577 0028 24 98 T5.04
51 82anges 5,795 154 1. 1 3,853 17 16,520 422 00 3266 67 34
51 AaTnesa 5,53 158 7422 138 3,306 188 18,284 415 o028 34 04 G508
81 AZHeEe a0z 115 4778 218 2477 138 11,280 282 0.025 3587 Gal 33
51 A7wiosd 135 o 25682 118 1.447 At 7.355 17 0.023 A5 &7 5443
52 Aan1ed 2,526 Bd 2817 \EE 1,518 &5 3,96t 133 0028 2579 8Ban
52 AdinEes 2348 El ERL vha 1654 T4 T.208 154 lverd 1256 67 44
52  Sihoes 2482 Bs 2,308 114 ¥, 301 58 8,061 158 G026 40,75 58325
52  w2ioed L4687 62 14843 a1 1,250 2 5560 134 oS a4 a7 G883
51 9ig9a 2.978 nr Az 153 1,378 82 7876 20 ooozr 38 6083
51 ennsag 5858 455 9 350 1332 2628 330 17872 1448 [+« ] 3314 6E6.B6
54 WELMEGE 8.4 445 16 534 1211 5877 520 32208 1403 D D42 2807 TOG3
55 QENEIR T 64 613 13084 1718 5264 420 Mo03r BT oaorz 635 ToE
5 amnses 5282 Al 7651 25 o (a8 26 17548 B4z 303 M1 8517
5 smnaas 3382 Fri) 4,528 158 2.5 142 10.rar na 0o 347 6BL.53
56 H9MIEE 3083 08 3,405 113 2124 AR BEZE 265 o o3 3557 B4 43
FALL TOTALS 233358 z4Ta 129633 4 0B4 170827 2,379 Ta3Ex 5204
SEASONTOTALE 806271 4655 BIZEE 121F Ipaed B2T2 1 TAR2SS 163TR

"Len Bank Neamhots Rarge: 0 s {50-70) m
"Laf Bark Offshoe Rarge. (50-T0) 10 300 m
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Table 4. Cumulative passage estimates by species for the Yukon River sonar projeet, 1998,

UPPER Qdﬁfi

CUMULATIVE LOWER 90%
ESTIMATED STANDARD CONFIDENCE CONFIDENCE
SPECIES PASSAGE ERROR INTERVAL INTERVAL

Large Chinook Salmon 83175 4,441 75,865 90,481
Small Chinook Salmon 38,871 3,122 33,735 44 007
Total Chincok Salmon 122,046
Summer Chum 830,633 15,058 805,862 855,404
Fall Chum 397,157 7,696 384 497 409 817
Total Chum 1,227,790
Coho Salmon* 176,792 6,666 165,826 187,758
Other Species 241,627 7,936 228,572 254,682
TOTAL 1,768,255
*This eslimate may not include the enfira run.
“*Includes pink salmon, cisco, humpback whitefish, broad whitefish, sheefish, burbo!, suckers, Dolly Varden,

sockeye salmon, and northern pike
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Table 5. Daily estimates of fish passage by specics from 6 June to 18 Julyv for the Yukon River sonar
project, 1998,

REPORT CHINOOK CHINCHIH SUMMER OTHER TOTAL ALL
PERIOD CATE >700 mm =700 mm CHUM SPECIES SHECIES

1 B/G/1988 290 25 812 516 1,744

1 G998 354 ar 1,037 c48 2078

1 B/B/1508 303 k| 234 1418 2,837
2 B//1538 ™ 72 2,248 ar2 3,423
2 a'10/1998 559 57 2,055 345 M7
3 8/11/1398 113 183 1,721 B54 2874
4 B/12/1598 320 210 1,774 474 2,782
5 G/13M888 562 138 2,902 21 LT
B £/14/1998 M7 388 4,502 385 5.570
i 51511598 2,123 501 3.024 a57 6.665
8 Bl16/1688 140 146 4618 T4 5648
g B/17/1998 55 208 3,433 203 3,889
10 Bl18/1098 374 153 2,834 671 4,047
10 &M1%/1998 807 288 4,011 T34 5638
11 Bi20/1888 843 442 3.141 1001 5,527
12 B/2171938 1,447 35 8,509 100 11,272
13 6/22/1958 1,354 g7a 33,828 188 36,054
14 6231058 1,032 973 24,399 625 27034
15 Bi24710C8 5679 3.011 48,729 348 57,767
i5 Br25/1938 8,150 4,328 70,382 448 83,308
16 B/26/1958 2,883 1,125 39,838 2237 45,883
17 6/27/1958 2.880 2,584 20,853 842 27,063
18 B/28/1958 1,110 317 15,185 azr 17,508
18 B/28/1838 2364 249 37 1382 38,226
20 £/30/1958 2.972 720 83,722 2443 89857
21 71171588 4.872 3,152 69,122 4318 81,502
22 Traiags 6.91% 4208 64,728 I8E6 78,538
23 TiA1988 4187 4,154 41,704 4268 54,553
24 Ti4/1958 5,133 348 22,047 2210 28738
25 Ti5/1988 1.321 1,308 20,131 2172 24,592
2B Tiei1958 2.9 1,218 8,979 2934 15,922
26 7711898 1,745 749 8,250 2205 10,949
27 7/8/1838 1,880 528 24,302 2126 28 836
28 71901698 3.351 1,458 41,997 4843 51,690
28 711071908 1,750 82 36,318 3987 42 435
30 TH 1988 2218 733 25,777 8853 38572
3 21938 2,458 T 19,844 4727 27.848
32 Tr3/1998 1,010 543 10324 2323 14,200
a3 TH4/1938 BT 246 5,072 4079 101,084
k') 71501938 BEY 258 6,108 4304 11.540
33 7161998 544 175 3,830 otz 7.661
a3 771088 394 129 2,585 2274 5683
3 7i18/1938 422 134 2.974 2087 5827
SUMMER TOTALS 80,5594 38,045 830,833 85,180 1,034,433
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Table 6. Daily estimates of fish passage by specics from 19 July to 9 September for the
Yukon River sonar project, 1993,

REPORT CHINGOK CHINOOK FALL OTHER TOTAL ALL
PERIOD DATE »700 mm <700 mm CHLIM COHG SPECIES SPECIES

M THoes 142 n 913 10 3,484 4,560
14 TrannGes 132 3 719 A 2919 3T
34 Tr2Y1GE8 i i) =i B aror 4,828
35 Tr2anaes 13 bi ] 3,947 0 2,951 782
35 TRNesS 278 108 5401 0 3,830 g812
A8 TRanwEe L \ 5328 o 1958 -1
¥ TRaneee a3 a 1,519 a 5471 1073
3 TRenohe L] ] 1372 o 5,881 T.318
¥ TaTME8 65 a 1,478 a 710 BB51
7 Tranwe 14 Fig 4427 a 4,778 243
T T2encas 16 | 31567 aq 4187 8123
33 TEonaes 61 £ 813 7 6,008 5,032
3 Tavhess g - B24 4[] 5 B3g 6812
38 B/1568 42 )l 1,107 15 TE2 8,678
k] B1958 2 i} BO7E 347 2,805 11.330
a3 A1HE 108 a 8530 350 2687 11.870
m Brd/1598 in o 7341 30z 2,628 10,382
ag B/E/1595 115 ] 4309 10 7085 12048
A BiEr 398 a2 a 3,305 435 4871 8776
a1 BiTrig68 Jii=] o 6.538 40 1218 13,245
a1 e B a B 586 363 1908 11,041
42 AL SEGE o3 o 15,633 2130 1,406 18,272
42 BMonses 1 ] 20,407 2818 1,802 25,148
42 ANvEee 108 o 16,151 2207 1,440 13,807
41 AM2ngss a 1] 6,554 2.0ar 3182 11,914
41 Anv1aee o el 5,102 1,847 2538 9,381
41 BA4Ee8 ] a7 8135 1,745 1485 14,143
44 aMEMeae ] 26 15,587 2294 511 14, 394
44 aHenmes 1] k] 22,260 3 752 M 282
45  BNTioeR o a 23689 8915 2,629 35203
45 @hanmd Q o 13,309 9877 3,361 26,547
47 allaneee a o 10,562 8212 1,885 18,668
4T arkeed a Q B 056 E213 1,787 16,036
47 BEineed o a daa7 8,885 1,997 17 855
48 pz2ngE [1] 5} 0445 7,075 3,953 15,473
40 Banoad ] a 17,184 8198 2,850 BIn
50 ARanwE8 o o 17,045 11,093 an H¥ms
L1l BUZ5/1998 o ] G245 72 2,450 20418
51 arrsi1904 ] 4] 7080 T.0a2 2348 16,520
51 &Zfood ] 1] 544 6,912 2408 16,284
51 e2dnem o a 4.753 4 B0S 1.718 11,280
5y pzdose o a 2508 3,059 1,368 7.285
52 amnohas o 1] 187 ) BEL 1203 6981
52  BANT998 o L] 3,118 1,530 360 7.208
52 9/1/1998 a o 2469 1,587 2038 6081
2 W98 o o 2242 1,401 1817 5 580
57 1908 o o 16888 2,081 2547 7.578
53 21998 +} [ 12,280 4,118 1,578 17872
54 a5i1e58 0 1] 16,748 14,462 a5 32,205
1] amii Gea 0 o 11,712 14,238 B4 26,032
56 arress a ] 6,669 8,801 2479 T G
-] L a a 4,065 531 1,341 10,747
55 LTl ] Q o 3,161 4,250 1.247 A 628
FALL TOTALS .5 628 387157 176 Ta2 156,467 T¥1 822
SEASON TOTALS BINTS 38,871 397187 VTE TG 241,827 1,768,285



Table 7. T'wenty-four and fourteen hour sampling estimates compared with daily nine hour
sampling estimates for the Yukon River sonar project, 1998.
Left Bank Left Bank Upper 909 Lower 90%
Sampling Right Bank Nearshore  Offshere Total Confidence  Confidence
Date Method* Passage  Passage Passage Passage Interval Interval
6/18/98  24-nr 1,174 1,977 702 3,853
8-hr 1,345 1,917 780 4,042 4,550 3,625
71298 24-hr 26,569 30,700 12,869 70,139
S-hr 32,486 34,810 12,243 79,539 87,280 71,798
7/4/98  14-hr 11,355 13,521 5,075 29,850
S-hr 11,890 12,765 4,983 29,738 32,431 27,045
/1598  14-hr 11,138 12,097 2,523 25,758
9-hr 11,277 11,382 2,333 24,992 26.052 23,931
/6198 14-hr 7,287 7,290 2,143 16,720
9-hr 6427 6,986 2,509 15,922 17,087 14,757
7116198  24-hr 3,144 3,595 L350 8,089
9-hr 2,843 3,689 1,129 7,661 8,044 7,278
B/10/98  24-hr 9,964 7,334 5,314 23,611
9-hr 10,584 8,248 5,317 25149 24 83€ 24 124
8/24/88  24-hr 5,750 13,920 5,972 25,643
8-hr 5,259 17,862 5,894 29,015 31,91¢ 26,112
TOTAL 14 or 24-hr 76,381 90,434 36,948 203,763
9-hr 82,211 97.859 36,188 216,058

*Note: All estimates are expanded to twenty-four hours.
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Table 8.

Target strength summaries of stainless steel targets recorded by Biosonics dual-beam

echosounders using Biosonics Echo Signal Processor software, Yukon River sonar, 1998.

Average 90%
Target Target 5th 95th Percentile  Minimum
Fange  Depth Strength' Percentile Percentile Range Threshold® Number of
Date Bank (m) (m) (dB) B} (dB) {dB) (dB) Echoes
38.1 mm stainless steel sphere
6/16  Ledt 42.5 0.5 -42 -48 -38 9 -4 1119
6/26  Right 38.5 shallow -27 -38 22 18 -43 1592
76.2 mm stainless steel sphere
710 Left 24.5 shallow -26 -34 -23 11 -52 833
710 Left 245 1.8 -41 -46 -38 -52 879
Mo Left 99.5 shallow -33 -44 -25 19 -52 1081
93 Left 585 shallow -37 -43 -33 10 -49 2009

"Calculated from the backscattering acoustic cross section

? Thresholds set just above the noise level
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Figure 2. Left-bank profile (top) starting at the transducer moving cross-river. The river
bend sandbar begins approximately 500 m from the left shore. The noise at the
beoinning of the transect is trom the reverberation band. Right-bank profile
(hottom ) starting at the transducer moving cross-river.
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Fioure 3. Bathymetric map of the Yukon River in the vicinity of the sonar site. 1998.
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River sonar, 1998.
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Figure 7. Net selectivity curves [or cisco (top) and other fish (bottom). Yukon River sanar, 1998.
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Figure 8. Debris in front of the Yukon River sonar camp, 8 June 1998,
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Figure 18. A {athometer chart depicting fish tracings along the left shore of the Yukon River recorded while drifting parallel
approximately 20 to 30 m from shore, 1998,
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55



Voltage at 1.m

Voitage at 1m

{mav)

{mV)

0.12

0.10 |

0038

0.08

D.04

0.02

0.00

0.10

008

0.06

0.04

0.00

Echosounder
S/IN 101-036
Narrow Beam

Wéﬁ:ﬁ

——25m —k—50m

—{1—100m —XxX—Dale

6/19 7 1T 713 722

anz arz20 G/

Echosounder
S/N 101-038
Wide Beam

;1:355?_&%@33
SecSea: % —

—¥—=25m ——50m

—+—100m —&—250m

6/19 T 77 7113 722

812 8i20

9/4

Figure 25. Time-varied gain performance verification for the Yukon River

sanar echosounder 101-036, 1998.

56




180

160

~ e TN e ™o b
IV L TYAN ISy LSO LJC}JLI I

/\ BN Short Range/Shallow Depth
. — D

Long Range/Shallow Depth

120

100

Frequency

80

60

40

20

Target Strength (dB)

Figure 26. Target strength values of a 76.2 mm stainless steel sphere collected at a range of 24.5 m and shallow depth, 24.5 m range and
t.8 m depth, and 99.5 m range and shallow depth, Yukon River sonar 10 July 1998.



— 1%:3% 30

~ RAdIdn

I~ 15:41:30

| iE

L
<

,J,j‘

L';h% i ‘_"M v I

N

i

I

Rk

f
W
i

A

’
&=

&5}"

e
HE e i cE

& Taie

Y
P EROT w

=

[
il
1

LEREe ]
.
i e o

i

-

R e i
e SN g

-

u“ .,v:"..r.»a*-m L

"3

i Fid
$ |
RS Y
| ¥ '_
| : v i [

12 June 1998 22:37

-l

] F5
L :-:_ £ b

£ 4 n 1

Tk i ]
¥ g L5

. L

=4 4

1 3

T | £

i ) el

i 3 2
g ; Iy =
= . P ! M
T Z T
. : o
i 3 b
- T x. P
£ ' FEE

..l
Ri'n’

an

%

' =

LTS T
i

Faakibam

1T

A
" et

L L I ]

29 June 1998 15:39

Figure 27. The dark band of echoes (top) of the reverberation band recorded early in
the field season and the more diffuse band (bottom) recorded in late June

on the Yukon River.

1998.

38



-40

Araplitude (dB)

-52

-55

-49

Amplitude (dB)

B \/A
l\._
—i—Averaged Peak
—h— Peak
-15 12 -9 -6 -3 0 3 6 9 12
Pan Angle (degrees)
—@— Averaged Peak
—&—Peak
-6 4 -2

Figure 28. Amplitude of a reverberation band measured on 6/26/98. The zero pan (top} is

Tilt Angle (degrees)

15 18

21

24

27

perpendicular to current; positive degrees are upstream. The zero tilt (hottom) is

near the surface: negative values are tilting toward the river bottom.

30



-30

—e—|eft Bank Nearshore
.35 ——Left Bank Midshore
—a— eft Bank Cffshore

-40

o

2 45

T

9

$ -50

1

)

]_

-55

-60

'65 i T T T T 1 T T T -1 -1
] 3] [ ~ N3 ™ el Ll ~ s} o] Oy jo) n
P ™~ oy o N — -~ 0 ~ o~ ™ oy o ~
S S A R R % Y s s 3 °
-20 - - 1
=20 —&- Right Bank Nezrshore
230 —a— Right Bank Offchore

g

~ =35

3 u]

Q

L —

g,-’ -40 4.\._._I

1™

=

j_

~hi

-55
o 73 ] P N - Q ) ™~ @ 0 oy ]
o - & o ~ g N & 5 5 = v N )
- S %] G ~ N N @ © & o a3 @

Figure 29, Threshold levels for left bank strata (top) and right bank strata (bottom), Yukon River

sonar, [998.

60



300

—& Threshold

—e— Conductivity 250

200

S5 Threshold (dB)
)
(]

Conductivity (microSiemens)

85 150
-70 J L
d 100
-75
-80 . 50
6 Y ~ & L N O © N O © 0O O O
Y] oy ,,'\\- - — oy Y -~ — o ™ é\)
© 8 0 @ NRN Y% e s @
-4 20
—e— Threshold 18
—— Secchi
-50
m —
E
4 G
z <
2 [
£ -60 a]
p i
= o
w0 o
w0 v
-70
-80
© o (=} A v —~ A W o ® -
oy o ~ - v m = ~ A\ o 3
s N R R R R ®° & @ o ©°
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Appendix AL Yokon River sonar threshold levels and sonar parameters for the lefl hank

Calibration Dats
Source Lavel Gain Syskem
.13 -0 & 3 [¥] NB G1WE G1
LT T 4 2117 2447 AT 2216 2247 -160 -168 LBMNS pod
transducer 5 2117 2145 21868 2213 2248 -168 -185 LBOS pod
ES 02 4 Zi2.4 -168 <168
ES102 B 222 4 =150 168 LEDS pod

Note: ES 10Z; xducer 04 i3 uncablyated; calibraton dala esimalod by using ES culpal data, ES 102 4,15 dB larger than E5 101

Thiraahobl Max
Date Feried 52 B4 L Hreg HY B4 HE g E38 thres
Tx Gr Bm  aipha Tx Gr Bm aslpha Tx  Gr Bm alpha Valts (d8) (¢B) (dBY im) Tx Gr Hm (28} Comments
B 1 G i 10 -8 MB 5 13 -5 N & 03-513 -504 250 wiucar 4
BT o8 2 -10 -5 KB g 03 ST 00 wibueer 5 LBOS: 50-250 m anly
arryiesd 3 -10 -5 NB <] <10 -5 MNB i -6 -BNE G 03-516 -534-555 300 whar 4 & 5
[N 2 03
TR A 0 -12 WB ] o -2 wB ] 03 -58.0 -5T8 25D sducer 4 onby; xducer § cables popped.
ANioEE 2 -6 =12 wWa 5] ] -12 Wi g 03 -500 -582 280
1041 9 3 -] 12 WA 1] [+] -12 WiB a 0.3 -804 503 280
BM11/1658 2 ¢] -12 wa H L} -12 WB 8 03 -564 503 280
81211998 .4 -3 -12 WH &8 L] 12 WB a 03-534 -503 280
&6/1211898 3 | -12 W8 a B -12 wWB 8 0.3 -534 -533 80
61311598 1 - -12 WH 8 -4 -12 WB 8 0.3-504 -53.3 240
BM13/1988 2 -10 12 W8 8 -10 12 W8 8 03 -46.4 453 280 wducer 5 pod cables troken,
G858 3 -0 -12 WE 8 -0 -12 'We 8 d -12 NB B 03450 -47H -58.7 360 Adl girala on xducar 4 (LEND)
614719490 1 -n 12 WB ] -14 BER: ] [ 03480 478 250 o 55 sample
6141808 2 10 12 Wi & -1 -2 wWB B8 o -12 NB 6 D3-460 4TH-S6T 360
BASM956 3 -i0 =12 Wi 5] -10 -12wie 6 o -1z NB 10 03460 478-61.6 360
anTiess z 10 -12 wWe [ -0 -12 WH 8 -3-12nNE & 03-458 -47.5-.57.2 360
anTreas 3 - -2 Wh 5] -10 -12 NB 6 -6 -12 NH S5 03458 471 -549 360 Changed 54 1o NB
6/1A/1508 1 <0 12 WH | -10 -12 NB 6 -8 -12 NB B 03-458 -47.1-54.2 360
BIE/1598 3 {14] 12 W8 L5 13 -1 NB 6 -6 -%2 NB 8 031468 441 -542 360
GROMEEE 1 -G -12 Wi & -3 -12 NB & 10 =12 N8 8 03 -4548 -441-50.2 380
B/21/1988 3 13 -12 W8 L5} =13 -12 NB 6 -8 -12NB Ho 0428 441 -524 250 Ran xducer 4 & 5 aitemaling nemshomg
Br2A1ESE 1 -13 -12 'we 6 -13 -12 MB & -8 -12 NB H 03428 441 -52.4 250 Han sducer 4 & § allemaling
BrEeha 2 10 -12 Wi [ E:] 12 NB 6 -6 -12 NB 0.3 446 -50.3 -53.4 360 sducer & (ES 101-039) redeployed e shon
AN ¥ -6 -12 'wWe & - -12 MB L+] 0 -12 NB B 03488 533504 380
ar23/ees .10 -2 wa B 8 -12 NB 8 -3 -12HB & 03 -446 -50.3-564 360
B2AH588 a =10 -12 WB e & 12 NB B -3 -12NB # 03-445 -503.584 380 awvarmight samgig bolh ransducars, 102 £5
[t ] 2 -0 -12 WH L] -6 -12 MB 8 0-12 NB 8 03446 -51.2 -504 360
6/28/1898 2 -10 =12 Wa W -0 12 NB 8 -3 -12 NB 8 03437 47.2.584 380
6401998 4 -0 12 W8 o -1 -12 N8 8 6 -12NB 8 D03-437 -47.2-514 360
Traraag n -6 -12 Wi 8 =] -12 NB B D12 NB 8 034806 -51.2-554 360 Increasad power due ko faslly ribbon
Tranoes 2 10 12'%8 o -10 =12 NB 8 -4 -12NB 8 03437 -4772.514 360
Frnass @ -0 12 W8 8 -10 -12 N 8 46 -12 NH 68 03445 -47.2-534 30
Ti4r1998 T -1 12 W8 1] =10 -12 N8 8 -8 -12 NB B 03437 -4T7.2-534 280
Tianasg i -1 -1zwe 8 -10 -AZ HB 8 -8 -12 NB B 03.44% 47.2-534 360
Trrnaas 2 =] -12 WH a -8 47 MA 8 -3 -12NB 8 03 -489 -51.2 584 260
TRMEeE 2 L] -1Z2 NB 8 -6 -12 NB A -3 -12 NB 8 03488 512 -5684 360
T RoE & -0 -3 NE B -1 -12 NB A -10 -12 NB 8 03-440 472 484 360
T GGE 3 - 12 N8 B -10 -12 NB B & -12NB B 03440 472 .534 360
THAo9E 2 -0 12 'We B -10 -12 NB B A -12NB 8 03-4490 472514 300
THEMNBEE t =10 <12 Wa ] -10 -12 NB B -3 <12 NB B D3.-449 -47.7 -564 360
7HEM080 2 -0 -12 WH B -10 12 NB B B -12 NB A 03449 47.2-534 380
FIIGTREHE 1 -0 -12 Wa B & -12 MB 8 -3 12HB B 03449 -512-8684 380
THTHEea 3 8 -12 Wa B L] -12 NB B -3 -12mMB B 03-489 512 .584 380
THAMoeE 3 -5 12 WB a -5 -12 NB a 0 12 N8 & D03-288 -512-58.4 360



Appenc ge20f2.

Calitwatan Dats
Hource Lavel Gan Syslam
13 - - -3 [] NH G1 W8 G
Transducar ki 21T 2447 26T INE 2247 -8 168 LENS pod
\rarsduycer ) 2117 2145 2188 I21.32 224.50 -169 -169 LEOS pod
ES.2 4 22337 -169 -168
ES0z 5 2237 -183 -188 LBOS pod

MNate ES 102, xiucer 004 s uncaliraied. calibration dala estimated by using E5 cutput dala; E5 102 4 15 i largar then ES101

Thrashold  Max
Dase Parmd  $3 54 8% thres 53 54 B5 ipe S3IB thes
T G B alpha Ts r Bm alpha Tx Gr Bm abha Vofs (o8] (08) (98] (m] Tx Gr Bm (48 Commends
THOSE8 2 &5  -2we ] 3 =12 HB 8 0 -2N8 8 03489 S547-594 380
Traaitaas 2 &  -2Wwa ] & ‘12 wa B <3 -12N8B B 03-481 -50S5-555 300 53 0-30 (low aim): S4 30-180; 55 180-300 {LF]
Ti2THess 2 E] 12 Wa | E ] -12 MNB 8 0 -12NB B Q3 -486 -80%-585 300 Readjusted satlings 53 back 1o sightly hegher gm
il 3 &  -12we [} 3 =12 M8 g 0 -12.N8 8 03-486 -531-685 300
Tr2B/1996 2 & 12w B &5 -12 HB 8 0 -12ZNB B 03 -486 -501-585 300
72911958 @ 6 12w 8 4 -12NB B -3 -12 NB 8 03498 510562 300 Faping with xchucer 4
TRess o0 azwe ] £ -12 NH 0 O -12ZNB D 03428 -451-521 300 10 -12WH 428 ES 102, xoucer 004; uncaibrled, celb sstimed
Brr186E -0 -tzwe o -0 -12 NE 0 -3-1z2NB 0 D3-428 421 481 301 -0 -12WE A28
TRMITHEE 3 W aEwe o A0 a2 wE 0 & -12NB 0 OFNZA A28 30T L0 2wl are
B2MEEE 1o -i2we [ | - 0 -4 -12NB D DA-A2E 424 491 D03 10 42 WH 428
aneas 2 - -2we o 0 -2 NB 0 6 -12NB D 03428 421487 809 10 S12WE a2s
BT 2 A0 -12we o -0 42 NB 0 -3 -12 NB D 03428 4214871 30% 40 <12 WH 428
Bis{15a8 i & -12we o 3 12 NB 0 0 -12KB D 03488 451 521 306 -10 12 WH 2.8 Wave Adtion signel es
A58 1 &  -12wWB i} £ -12 MB 0 0 -12KNB 0 03486 461-521 307 -0 42WB 428
LL-t ] 2 0 12w ] 03528 08 Wave Aclion sipnad loss, anterad 53 only, Siopped mulipleang
LA ] 1 -1 =12 W o a =12 NB o 0 -2NB 0 D3-428 491 521 309 Nao muliiphex becawse LBOS pod used wilh HTI systam
L i E 12 WE 1] A 42 MB 0 0 12 NB 0 03458 -991-521 310
ATy aas 2 10 =12 ‘Wi o E: | 13 NB a4 &N D 03428 491-551 3N
AT S98 3 A 12WB a -3 12 NB O -3 .12 N8 O 03958 451491 312
LT 10 Sz we 0 € 12 NB O ¢ -12N8 D 03428 461521 313
8/6/1958 2 5 -12 WB [t} ] -12 NB & 3 -12NB 8 03 488 -54.0-56.2 300 Back to ES 101 xukucer D04, & calibrased sysiem
RN EEE 3 6 -1zwe 0 4 AZMNB 8 [ -1ZNB 8 03 -488 -540.582 300
B/ENom 1 & 12w [ 3 -12N8 B -3 22 NB B 03-288 540562 300
B0 i 6 -1Z2wE a £ 12 N8 8 & -12 NB 8 D388 -510-532 300
BHDI1Ee 0 & -12WE [+] 3 12 N8 8 3 -12NB B Q3B 540 562 300
BHOEea 2 ES 12 'R o E | 17 NB 8 -3 -12 NB 8 03488 -540-552 300
Ll ] i 6 «2we 1] - 12 NB B 12 NB 8 03-488 -51.0-532 300
LR 2 A azve o £ BER [ ] A 03 -488 -510-562 300
av2roae 1 & -12we ] i 12 NE B & 1288 8 03 -488 -51.0-532 300
gnzngss 2 &5 12w o -3 42 NB B 3 -12 NB B 03 -488 -540-582 200
AMENSos 2 - -12 WE o <3 -12 NB B 4 A2NMB A 03480 -S40-583 300
anTiass 2 a6 -t2we ] -3 12 NB 0 0 -12NB 0 03428 491 -521 M0 -10 12 WE 428 ES 102 xducer 004; uncalbraled, catt sdtmated. Mullgilesing
AR0/1998 2 a0 -12WE o - -8 NB O 0 &MB D D3-428 52t .-581 300 10 -12WE 428
Airaes 3 a0 2wB o A 12 NB 0 0D 4MNB 0 03426 -491-581 300 -10 -12W8 428
AR251908 2 0 Aiwe o & 12 Ne 0 -3 &NB 0 03428 -48+-551 300 50 -12.Ww8. 428
Af2511998 3 0 A2WwWe o 4 -12NB o 0 SNB 0 03-428 431581 30 -10 -12 W8 428
arsod | Hen IS 1 =12 Wd u -3 -12 MY L] 0 -1Z N4 U L3 -428 421 -52.1 30 -0 -12WB 428
arzaass 2 D -12We o & -12 N8 o0 ©-12K8 0 03428 481521 300 -10 -52 WH 428
A2Tra5a 2 13 =12 WWH ] =10 -12 NB o0 -3 -12NB 0 03350 421490 300 -13 -12wa -356
B2Thess 3 13 -12We o & 12 NB o <3 A2 NA O 03-398 4657 481 300 13 12 WH 388
B2AN 58 1 3 2 we I [ 12 NB 0 -3 2N 0 D3-398 421491 300 13 42WE 358
A2AM958 2 43 2we o W -12NB 0 & 12NE 0 D3-338 421461 300 -13 .12 'WH 308
Br26M BeE 2 13 Azwe a - 12 N8 0 -3 -12NB 0 D3-338 <421 491 MO 13 12 WE 358
WE19a5 3 -13 a2we g -0 12 N8 o 5 -2 N8 0 03398 421 461 30 93 12 WB 368
WTNesE 1 132 12we 0 -t 12N 0 a3 .12HB 0 0D3-398 431481 300 13 -12WH  -308
aTne 2 a3 -2we o 1] 12 NB 0 B 12 NA 0 03398 421467 300 -13 -12'WH 398
=T 33 a2wa a -1 1 Na o A I NE 0 03 -3198 421 461 300 13 12 WE 359 Last sample period
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Appendix B. Yukon River sonar threshold levels and sonar parameters for the right bank.

Calibsation Dsls
Echosounds’ 101 -83-038 Casa ll
-13 -10 & -3 0
Iransducsr 3 2073 29044 29433 29739 22032
Sansidivity Wh =176 57 H8 17155
Thrashold Wi
Dala Par 50 51 52 \hres 50 &1 g2 ge
Te O Bm Tx G By Te Qr Bm Volls (8] (dB) {dB) (m] Commenis
BN esa 1 -13 U Wi 03 X523 150 e 3 30807,0.3
eness 2 o signal
a7 resa 3 margral, bad usable signal
[ TRk 1 redeployed pod, no dsla
S Gl 2 ol funchonal, heavy datins
BRI 1088 3 no data
LT i o date
BANEE 2 o daks
BT 3 & -12 W8 63 -36.2 150 Bwgnal returmed
Borives 3 -10 12 WH [Hi ] ~32.2 150
&1 11558 2 o 17 W8 L3 423 180 Wirve action; pariodic (ading of signa
sl1EE 3 -10 12 W 028 338 150 Wawe acton, changed grey 10 0.25
B8 2 -B -12 WB a3 -36.2 150 thres back o 03 05, 07, 1.3
13508 2 -1D 12 WB i ] 32,2 150
EREREE i -1 <12 w8 [ F ] a2z 150
/151558 2 5 12 wWa a3 -382 150
0151598 a ] -12 WB anT 38.0 150 thees 0. 217.0.343,0.544 .0 852
G158 ] L] -1 B @3 -3 2 150 thres 03, G5, 0709
BiTH998 3 5 -12'WR a3 =38 2 150 Changed 48 gray to 10V
B1AN95A 2 Wawa Action, no data
TR 3 & =12 WE 3 -36.2 150 Signal reburns
ananess 2 Ho dala poor asm
araness 3 Ho dals; poor am
GR0M a68 1 No dala; pood am
Er20MEss 2 5 -12 WB 45 -12 NB a3 352 <08 250 Extanded ronge, added a secand sirata
G 008 3 -10 =12 WE 10 12 NB 03 A2 -8A8 250
GRes ) 10 &8 We 13 B HB a3 387 308 250
21908 2 -13 £ WH -3 -12 NB 03 332 <418 250
agzioes 3 -1D £ WH A3 2MB Q3 da3 338 280
Arzanean 2 RE] <4 wWa -0 <12 NB 03 32 368 250
Brrar ass 3 -13 & Wi 12 -12 MR 032 -¥52 -338 250
2401358 2 -10 £ W 10 <6 NB 03 382 =428 150 Reduced range
Gr2oH 868 3 -3 <17 Wi 4 -1 NB a3 <383 408 150
Tanes r] -3 12 Wh 4 aznNa 03 382 <38 V50
Tt aes 3 -3 -12 wi -3 12 W8 -3 -12 Wi 03 -383 3852 -38 150 Dinded range Mo 3, 50 m sirala
BMiress 2 Li] =12 'WH a =12 WA 4 12 N8B 03 432 AT 438 150
EM 798 1 4] <12 W8 o =13 W 0 12 NB 03 423 422 <468 150
A2 1858 ] ¢ -12 'Wa o -12 W8 -3 12 NB 03 <27 422 38 150
agimass 2 -3 -12.W8B -3 -1Z W8 -3 12 NB 03 -38.2 -353 =138 150
ArANCEs 1 WB Wi B ‘Warva aclion, no sgnal
BANG08 2 <3 =12 'WB -3 12 R -3 -7 NB 03 382 -382 438 150
BoMess 30 -3 12 we 3 -T2 wa 3 12 NB 03 -392 -382 438 150 Last samphng period.
Average 408 372 413
Maxifium 32 -3x2 -nas
Minifium -4227 422 <458




Appendix C, Yukon River sonar hourly passage rate by stratum, 1998.

Report Sonar Left Bank Left Bank Laft Bank
Pericd Date Period Rigit Bank Nearshare Midshore Offshore
1 Bfa1998 1 13.9
1 6/8/1998 2 6.7 . .
1 5/58/1998 3 24.4 39.1 18.6
1 67711998 1 141 86.9 28.0
1 8/7/1998 2 . 240 ‘
1 G/711998 3 10.0 225 4.2 22
1 G/8/1998 1 *34.3 55.0 23.2 00
1 65/8/1998 2 *456.3 . .
1 6/8/1998 3 “58.3 LA 10.3
2 6/9/1998 1 447 9.7
2 6/9/1993 2 85.2 37.4
2 B/9/15998 3 £9.4 32.5 105
2 6/10/1298 1 54.6 74.3 21.2
2 A/10/1998 2 88.3 21.2 1.6
2 6/10/1958 3 65.1 322 10.5
3 B/11/1698 1 69.3 347 18.3
3 6/11/1698 2 56.3 26 4 8.1
3 6/11/19398 3 611 40.5 18.1
4 6/12/1998 1 309 333 4.9
4 6/12/1998 2 36.7 73.0 20.0
4 8/12/1998 3 63.1 120 13.8
5 6/13/1958 1 536 99.8 35.9
§ 6/13/1908 2 79.5 B0.3 145 .
5 6/13M994 3 46.0 57.5 11.4 9.2
) 8i14/1958 1 643 167 .6 46.3 .
B 6/14/1998 2 90.0 B4.9 12.8 0.0
B 6/14/1998 3 1163 89.0 18.8 6.2
7 6/15/1998 1 a85.0 166.9 50.0 76
7 6/15/1998 2 73.3 76.1 18.6 1.1
7 6/15/1958 3 139.6 118.9 47.8 4.1
8 6/16/1998 1 35.5 83.0 275 G
a 6/16/1998 2 105.8 1114 29.5 13.9
8 B16/1998 3 85.1 104.5 24.8 5.3
9 /1711998 1 74.5 705 18.2 0.a
9 81771998 2 758 70.3 18.6 14.7
9 8/17/1808 3 65.0 435 27.9 22
10 6/18/1998 1 487 63.8 337 .
10 6/18/1998 2 457 890.5 32.7 2.1
10 6/18/1998 3 737 85.4 2749 11
10 6/19/1998 1 320 1100 5341 T.5
-Continued-

* Data was cstimated from left bank data. 68



Appendix C. Page 2 of 8.

Raport Sonar Left Bank Left Bank Left Bank
Penod Date Period Right Bank Nearshaore Midshore QOffshore
10 8191998 2 143.2 228 0.0
10 6/19/1998 3 211.2 56.8 4.3
" 6/:20/1998 1 119.2 29.5 11
11 6/20/1998 2 47.0 92.5 331 4.2
11 8/20/1998 3 51.3 2146 49.5 0.0
12 62171998 1 27.3 191.1 48.8 4.0
12 6/21/1998 2 547 182.0 3 1.1
12 6/21/1998 3 219.0 497.5 132,56 0.0
13 6122/1998 1 221.9 558.5 152.9 6.5
13 6/22/1998 2 2125 783.5 192.0 10.7
13 612211998 3 44986 12829 605.3 14.5
14 £23M1988 1 2111 1016.9 292.8 16.1
14 6/23/1988 2 198.4 5431 2011 10.3
14 6/.23/1998 3 116.0 560.7 204.0 88
15 6/.24/1998 1 224.0 5747 163.9 58
15 §/24/1998 2 616.6 1489.8 294.8 269
15 6/24/1998 3 12243 2059 6 522.4 18.0
15 6/25/1993 1 611.2 25896 417.1 2741
15 6125/1998 2 920.1 2009.4 4551 228
15 §/26/1998 3 B79.7 21600 3116 9.8
16 6/26/1998 1 656.1 1144 A 204.8 10.2
16 6/.26/1998 2 451.1 1205.6 397.5 29.0
16 6/26/1998 3 495 1 581.8 509.0 51.8
17 Bf2711998 1 259.4 672.0 380.0 19.3
17 612711988 2 198.6 51885 2068 14.5
17 6/.27/1998 3 269.1 569.5 180.5 14.5
18 6/:28/1998 1 362.3 318.0 79.6 20.7
18 6/,28/1998 2 234.5 385.2 87.7 1.0
18 6/.28/1598 3 2736 327.4 94.7 3.5
19 62911998 1 175.0 238.7 46,6 1.4
19 A/29/1998 2 467.8 623.8 3t1.8 4.4
19 B/28/1998 3 13119 1552.5 247.8 18.6
20 f{30/1098 1 985.1 2000.3 203.8 29,6
20 A0M1998 2 9950 2301.7 3158 242
20 B/:30/1998 3 1€688.5 2201.4 461.59 15.0
21 74171998 1 13374 1418.4 266.3 88.6
21 7111998 2 12136 1780.3 546.2 23.7
21 71171998 3 15500 1574.1 380.0 a.1
22 71211998 1 10642 1785.0 376.6 37.2
22 7/2/1998 2 1609.5 1504.4 4152 183
22 7/2/1938 3 1387.0 10619 643.3 39.9
-Continued-
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Appendix C. Page 3 of 8.

Raport Sonar Lefl Bank Left Bank Left Bark
Period Date Pericd Right Bank Nearshare Midshore Cffshora
23 71311988 1 83137 11132 378.3 56
23 7i3/1998 2 799.4 1452.2 247.5 8.6
23 7/3/1948 3 628.8 1018.8 340.0 11.4
24 Ti4/1958 1 4793 553.3 2441 15.8
24 Ti4/1988 2 388.9 5786 161.2 21.8
24 77411898 3 520.7 463.7 176.9 31
25 T7/5/1998 1 517.8 5025 1116 7.2
25 7121998 2 4557 502.4 80.7 0.0
25 7/5/1998 3 436.2 417.9 86.9 5.2
26 761928 1 362.9 367.2 76.6 88
26 7i6/1998 2 218.8 289.5 114.9 1.1
26 71601998 3 221.7 218.6 100.3 i2.0
26 7711988 1 2028 160.4 48.7 5.1
26 7711928 2 179.7 141.1 68.3 4.1
28 71711958 3 3145 174.6 652 a2
27 7/8/1998 1 427 .8 274 6 91.4 6.8
27 7/8/1998 2 £64.9 430.2 121.0 4.1
27 71811998 3 835.5 4393 2855 23.2
28 7/9/1998 1 778.2 207.8 3103 7.4
28 71911938 2 1096.1 8278 298.9 372
28 7/9/1998 3 931.0 857.3 377.5 31.0
29 7110¢1998 1 §73.2 750.5 a72.2 47 .8
29 701988 2z 745.9 589.8 2348 8.2
29 TMQM998 2 16381 557.3 263.8 16.9
30 Tr11/1898 1 1119.7 4320 144.8 11.3
30 Ti11/1898 2 842.2 578.0 176.9 0.0
30 71111998 3 859.0 491.3 160.0 7.1
3 711211598 1 725.2 3814 121.0 8.%
31 711211998 2 866.0 430.2 157.9 5.2
3 7/12/1998 3 370.7 502.4 104.5 8.3
32 7113/15998 1 201.7 343.4 61.1 32
32 711371598 2 235.2 3374 74.5 1.4
32 7131958 3 198.9 240.0 64.1 4.1
33 7/14/1958 1 160.7 188.0 g2.1 20
33 711411998 2 1442 211.5 33.2 0.0
33 7114/1998 3 155.8 259.7 37.8 5.4
33 7115/1998 1 168.8 2710 53.1 1.1
33 7/15/19498 2 1519 156.2 156.2 5.2
33 7/15/1998 3 148.0 267.9 680.0 31
33 7/16/1998 1 137.4 201.0 38.0 12,6
33 7i16/1998 2 1126 143.2 48.6 32
-Continued-
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Appendix C. Page 4 of 8.

Raport Sonar Left Barnk Left Bank Left Bank
Period Date F=riod Right Bank Nearshaore Midshora Offshare
33 7r16/1998 3 105.4 116.8 356 32
33 711711998 1 357 S8.9 248 0.0
33 711711998 2 79.3 143.4 26.4 2.1
33 7171998 3 85.3 132.2 30.5 3.1
33 71811998 1 806 144.8 45.5 43
33 7/18/1398 z 55.0 56.5 26.9 7.2
33 711811998 3 711 1258,2 42.9 3.2
34 701971998 1 80.4 63.1 253 3.1
34 7119/1998 2 104.5 829 18.2 0.0
34 711911998 3 119.0 58.0 18.5 0.0
34 7/20/1998 1 73.0 63.4 30.7 4.7
34 712001998 2 48.4 875 26.9 0.0
34 7110/1998 3 70.8 55.9 15.8 0.0
34 712111998 1 88.0 108.0 29.0 5.0
34 7621/1898 2 758 70.3 31.0 0.0
34 712171998 3 791 83.4 34.1 0.0
35 712211998 1 135.5 88.0 30.0 2.1
35 712271998 2 113.3 142 4 B 0.0
35 71211998 3 148.1 166.8 39.3 1.0
35 7123/1998 1 104.6 193.0 46.0 4.0
35 7123/1998 2 135.2 2321 37.9 0.0
35 7/13/1998 3 165.0 228.8 528 2.1
a5 7411998 1 169.5 174.0 273 1.1
35 7/:4/1998 2 156.1 208.5 2895 52
35 Ti4/1998 3 183.5 197 9 50.8 1.4
36 7/:5/1998 1 161.9 119.0 24.8 31
36 741611998 2 133.0 172.9 26.9 31
38 7/15/1998 3 109.9 106.8 23.0 0.0
36 7116/1998 1 89.3 376 30.0 0.0
36 7/46/1998 2 836 202.4 53.8 53
26 7/:6/1998 3 94.4 2553 62.1 1.1
5 7/27/1998 1 95.6 154 1 1241 14.4
36 TId711998 2 101.7 134.2 66.3 6.2
6 TRI711898 3 119.5 204 .4 76.8 7.4
kKT 7ii18/1998 1 708 198.2 821 i2.4
ar TIBI1598 2 80.7 165.5 118.9 18.8
37 7181998 3 105.7 196.3 1107 14.5
v 7£:9/1988 1 104.0 135.0 66.1 13.4
7 712911998 2 85.4 144 .4 107.6 i5.5
37 742971998 3 109.6 132.2 921 18.6
38 70071998 1 859 84.4 51.7 21

-Continued-
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Appendix C. Page 5 of 8.

Repart Sonar Left Bank Left Bank Left Bank
Pariod Date Period Right Bank Nearshore Midshore Offshore

38 7/30/1998 2 121.8 83.4 A8 .4 5.4
38 7i30/1998 3 105.7 85.5 894 10.3
34 713171598 1 734 141.0 29.4 8.5
38 113171998 2 62.6 2133 441 18.2
a8 77311998 3 556 148.8 56,3 21.8
38 ari199a i 37 195.0 74.7 11.4
38 811398 2 1.5 180.0 48.6 21.4
3 811/1998 3 87.% 261.8 37.9 6.3
39 812/1998 1 103.1 168.0 164.4 10.7
39 812/1998 2 115.3 198.1 126.3 16.8
39 8/2/1998 3 171.3 200.0 122.3 19.6
39 8/3/1998 i 1494 234.8 161.7 129
39 81311998 2 136.5 194.7 124.8 232
a9 8/3/1998 3 1011 174.7 153.7 288
1] 8/4/1998 1 113.0 134.6 a1.h 12.9
39 B8/4M598 2 102.3 2155 116.3 16.1
39 8/4/1998 3 96.5 2156 106.9 21.4
40 8/5/598 1 154.5 197.1 112.2 12.6
an 8/5/1998 2 149.4 254 4 1411 8.5
40 8/5/1998 3 125.5 1650 138.8 14.2
40 AEM1998 1 113.8 102.9 82.1 2.1
40 8/6/1998 2 1181 82.0

40 /611998 3 184.7 99.3 155.8 16.6
41 Bi71598 1 2111 187.5 113.6 191
41 B/7/1508 z 248.3 149.0 144.4 B.7
41 B7/1998 3 177.9 193.2 169.7 22.1
41 8/8/1998 1 2259 108.0 145.8 13.8
41 8/6/1998 2 185.6 183.4 107.8 349
41 8/8/1998 3 192.3 168.8 117.9 27.5
42 8/9/1998 1 268.8 240.0 162.0 29.0
42 8/9/1998 2 270.6 2536 131.8 478
42 8/9/1998 3 426.4 3871 153.2 39.0
42 8/10/1893 1 405.8 396.2 i71.7 60.0
42 8/18/1998 2 486.0 321.1 2059 766
42 8/10/1998 3 431.2 3133 2261 49.5
42 8/11/1998 1 386.2 3949 180.0 490
42 8/11/1998 2 348.7 282.0 131.4 326
42 8/11/1938 3 2323 250.4 147 .4 53.5
43 8/12/1998 1 2109 2289 144.0 341
43 8/12/1998 2 1940 160.0 85,8 AC 0
43 8/12/1998 3 156.8 103.3 107.6 228

-Continued-
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“Repant Sonar Left Bank Left Bank Left Bank
Periad Dale Period Right Bank Nearshore Midshore Offshore
43 &8/13/15598 1 175.3 124.2 104.2 3
43 81131998 2 161.8 112.4 811 338
43 Hr13/1998 3 113.7 154 4 73.9 214
43 B/141998 1 162.5 183.3 4.4 26.3
43 8/14/1998 2 131 132.2 79.3 29.5
43 8/14/1998 3 132.9 278.9 141.2 29.5
a4 87151988 1 217.7 3906 1831 26.8
44 8/15/1998 2 2454 253.4 141.4 358
44 8/15/1998 3 145.8 3941 2255 39.7
44 8/16/1998 i 245.4 438.9 232.8 55.2
a4 8M6/1598 2 2271 473.7 1241 70.7
44 8/16/1998 3 435.1 556.7 369.8 55.7
45 8/17/1898 1 469.7 830.0 411.9 822
45 8/17/1998 2 482.8 6086.1 213.2 60.0
45 a/17/19¢e8 3 530.9 580 .4 2710 5.0
45 B/18/1998 1 256.2 665.9 319.7 30.5
45 21181998 2 355.7 5431 204.8 46.5
46 B/18/1998 3 224.6 467.1 1821 224
47 8/19/1998 1 164.5 285.9 347.0 69.8
47 BE/19/1598 2 179.9 411.7 2416 225
47 8/19/1898 3 213.4 282.5 1082 257
47 201998 1 211.3 280.6 150.0 26.0
47 82041998 2 212.4 300.0 1149 40.3
47 8r20/1998 3 318.7 208.4 108.0 34.0
47 8/21/1998 i 253.7 39946 1693 40.7
&7 8/21/1998 2 2319 319.0 1030 Ne
47 8/21/1898 3 261.2 216.4 161.4 19.3
43 8/22/1998 1 240.7 482.3 13314 35.2
48 8/22/1998 2 196.5 401.8 136.8 24.4
48 8i22(1998 3 190.7 482.7 108.5 21.2
49 8/23/1998 1 5853 213.7 21.7
45 8/23/1998 2 302.3 661.0 2016 18.5
49 8231998 3 226.2 9051 2207 343
50 2531998 1 2451 826.1 209.5 33.2
30 £/24/11953 2 203.5 8493 200.7 11.3
50 Bi24/1998 3 207.8 557.3 2424 397
51 8251988 1 168.3 603.0 177.9 ar.s
51 8/25/1998 2 2277 4256 137.9 27.9
51 8/2311998 3 2409 379.0 120.0 6.2
51 8/23/1998 1 2148 275.0 129.3 55
51 /2311998 2 2426 307.2 1448 720

-Continued-
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Report Sonar Left Bank Left Bark Left Bank
Period Date Period Right Bank Nearshore Midshore Cffshore
51 8/26/1998 3 217.0 326.9 100.0 20.0
81 /2711998 1 262.5 242.1 58.0 31.3
51 8/27/1998 2 237.9 257.4 146.3 21.1
51 AI27/1998 3 191.5 3283 128.3 28.3
51 8/28/1998 1 132.4 236.4 84,2 18,6
51 Ar28/1948 2 187.7 228.6 100.7 13.9
51 &/28/19498 3 173.0 132.4 811 111
51 8/29/1998 1 140.0 174.4 851 8.3
51 8/29/1998 2 148.5 814 46.1 8.3
51 8/29/1998 3 128.9 64.4 43.9 11.2
2 8/30/1998 1 106.2 79.3 64.1 10.7
52 B/3(11998 2z 94.0 183.3 81.1 .
52 8/30/1998 3 115.7 1221 48.8 51
52 813111998 1 91.9 123.0 89.2 86
52 B/31/1998 2 107.6
52 B/31/1598 3 83.8 143.3 471 13.7
52 @1M1598 1 100.8 118.3 50.7 2.1
2 9/1/1998 2 118.7 911 50.0 11.6
52 G/1/1998 3 8g.7 7886 450 12
82 9/2/1998 1 1205 82.5 52,9 9.3
52 9/2/1998 2 119.4 &63.2 289 42
52 G2/1998 3 68.5 847 48.2 12.6
52 9/3/1998 1 86.8 100 4 46.0 B.2
52 §/3/1998 2 122.9 123.4 424 8.3
52 9/3/1998 3 162.8 178.9 £0.0 52
53 9/4/1998 1 1839 2411 73.0 6.4
53 8/4/1998 2 2411 468.2 94.1 31
53 9/4/1998 3 309.6 464 .4 136.8 14.7
54 9/5/1398 1 352.5 747.4 182.0 18.0
54 9/5/1998 2 430.9 789.8 266.9 15.5
54 9/5/1998 3 3848 585.8 2295 22.8
55 9/6/1998 1 3513 €36.3 204.4 46,2
A5 G/8/1908 2 266.0 848.4 171.6 15.0
55 g/6/15998 3 3381 3514 201.8 22.8
56 §/7/1698 1 261.7 364.2 150.5 15.0
56 §/7/1598 2 319.4 3329 181.0 23.2
56 9/7/1998 3 200.5 259.3 107.6 28.4
56 9/8/1998 1 190.1 210.6 88.5 8.6
56 9/8/1998 2 133.7 213.8 80.0 10.3
56 9/8/1998 3 9588 178.8 96.2 23.8
56 5/9/1998 1 91.7 157.6 79.3 12,2

-(ontinued-

74



Appendix C. Page 8 of 8.

Reparst Sonar Left Bank Left Bank Laft Bank
Period [RAY Period Right Bank Nearshore Midshore Offshore
56 G19i1998 176.7 135.3 63.9 85.2
56 9'9M1998 115.4 136.5 81.1 13.8
-Continued-
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Appendix D. Drift gillnetting catch results by day, Yukon River sonar 1998.

Fishing i
Time Chinoock  Chinook Summer  Fall Whitefish  Cisco Other Total
Date {minutes) >700mm <700mm Chum Chum Cecho Pink Species Speces Species Catch

(/5798 172.72 3 0 8 0 0 0 1 2 K 17
BI7/98 164 .66 3 0 4 0 4 0 0 G 3 10
6/B/98 107.08 2 1 10C 0 0 0 1 0 1 15
B/6/98 164.48 " 1 7 0 0 0 0 0 1 12
6/10/98 161.61 4 1 16 0 0 0 1 4 2 25
611798 162.48 5 4 23 0 0 0 1 1 1 35
6/12/98 163.30 7 4 31 0 0 0 0 0 & 48
6/13/98 159 86 10 3 43 0 0 0 0 0 2 58
B8/14/98 164.92 5 4 77 0 0 0 G 2 K] a1
6/15/98 145.56 12 5 36 0 ¢ 0 1 1 5 60
6/16/98 170.30 3 3 65 0 0 0] 8] 0] 6 77
6/17/98 171.23 1 3 33 0 ¢ o 0 1 1 39
B/18/98 170.06 g 3 32 0 0 0 2 0 5 51
6/19/98 153.85 1 5 38 0 0 0 0 2 8 52
6/20/98 178.08 g 3 37 0 0 ¢} 0 1 8 58
5/21/98  177.94 8 3 59 o} 0 0 2 2 2 76
B5/22/98 153.48 7 5 202 0 0 0 1 1 1 217
6/23/98 163.35 11 9 150 0 o] 4] Q 1 & 176
6/24/93 65.74 10 2 75 0 0 0 0 1 1 89
6/25/98 145.07 20 12 227 0 0 0 C 1 2 262
f/26/98 104.58 8 3 88 9] G 0] 1 1 1 102
B8/27/98 141.36 14 12 71 0 C 0 0 3 0 100
B/28/88 154 .03 2] 4 82 0 0 G 1 3 1 100
6/259/98 140.35 17 3 182 0 0 0 1 3] 1 210
6/30/98 141.34 4 3 245 0 0 0 2 3 i 258
7/1/98 113.22 16 11 208 0 0 9 1 4 2 251
712198 99.94 12 6 74 0 0 0 1 0 2 g5
713198 137.84 10 11 134 0 0 9 1 5 3 173
714/98 154 67 18 3 103 0 0 7 1 0 2 132
715198 156 .67 7 10 103 0 0 10 0 1 z 133
7/6/88 154.53 16 B 65 0 0 g 2 5 g 107
77798 178.71 18 2 33 0 0 6 1 1 4 66
7/3/98 157.19 15 3 140 0 0 12 1 1 2 175
7/9/98 153940 15 7 188 0 0 24 4 1 Q 238
THOMO8 15585 11 3 148 0 0 21 2 5 0 190
711194 138.43 11 4 111 0 0 13 2 4 3 148
7i173698 149 87 12 3 121 0 0 25 2 0 1 164
7113/98 1656 1 9 4 61 0 0 18 0 4 1 a7
-Continued-
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Appendix D. Page 2 of 3.

Fishing
Time Chincok  Chincok  Summer Fall Whitefish  Cisco Other  Tolal
Date {minutes) >700mm <700 mm  Chum Chum Coho Pink Species Species Species Catch

7114/98 169.38 13 5 59 0 0 23 0 1 0 101
7i15/98 164.11 6 1 55 0 0 26 7 1 2 98
7M16/98 162,37 4 1 43 0 ¢ 20 8 4 1 111
7117/98 1684.54 3 0 35 0 0 25 10 1 0 74
7/18/98 163.52 6 1 23 0 0 28 9 2 3 73
7119/98 172.83 4 0 0 18 1 40 14 4 1 az
7120/98 171.90 1 1 0 25 0 47 17 3 5 93
7/21/98 169.43 1 1 0 36 0 21 6 8 3 76
7122193 175.86 1 2 0 65 G 13 9 1 3 94
7/23/98 175.97 2 1 G 70 G 17 10 <] 0 106
7/24/98 179.35 1 2 G 48 0 37 18 8 4 116
7/25/98 185.16 2 0 0 21 0 14 15 11 0 63
7126/98 182.04 0 0 0 10 0 15 9 4 a a8
7/27/98 186.02 0 0 0 28 0 26 23 9 4 80
7/28/84 167.88 1 2 0 73 0 a3 29 11 0 148
7129/98 180.91 1 ¢ 0 33 0 65 23 12 1 135
7i30/98 185.43 1 1 0 16 1 40 25 16 1 101
7/31/98 188.26 1 1 0 7 C 64 28 18 4 123

8/1/93 185.91 5 0 0 9 1 35 22 0 2 69

8/2/98 187.34 ] 0 0 32 0 28 11 4 0 75

8/3/198 176.13 0 0 0 40 1 47 10 T 0 115

8/4/98 180.37 1 0 0 24 7 14 & 9 6 69

8/5/98 172.50 1 0 0 39 4 23 15 23 3 108

8/6/98 17727 1 0 0 21 e 15 16 8 1 7

8/7198 170.40 0 G 0 68 2 8 8 9 4 899

8/8/93 175,29 1 0 0 26 ] 19 4 1 1 58

8/9/98 181.12 1 0 0 100 6 17 2 0 2 128
8/10/98 161.92 0 0 Q 81 15 7 4 4 0 111
8/11/98 169.14 0 0 0 56 14 1 1 4 3 75
8/12/98 174.06 0 0 0 17 15 4 6 b 2 51
8/13/98 175.69 0 0 0 17 14 0 2 8 2 43
8/14/98 176.63 0 1 0 28 11 8 3 4 2 &5
8/15/94 176.44 Y 1 0 75 18 2 4 3 1 104
8/16/98 173.71 0 0 0 64 13 1 6 2 1 87
8/17/98 174 .63 0 0 0 95 53 1 4 12 3 168
8/18/98 173.92 0 0 0 55 77 1 3 16 3 155
B/19/98 170.54 0 0 0 22 39 G 2 4 1 68
8/20/98 166.54 c 0 0 38 61 G 4 7 1 111
8/21/98 125.61 o 0 0 54 46 0 12 § 1 118
8/22/98 150.40 C o] C 50 60 0 5 32 3 150
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Appendix D. Page 3 of 3.

Fishing
Time Chinook  Chincock  Summer Fall Whitefish  Cisco Other  Total
Date (minutes) >700mm <700 mm  Chum Chum Cecho  Pink Speciex Species Species Catch

8/23/98 153.56 0 0 0 112 74 0 7 2 3 196
8/24/98 169.07 0 0 0 78 79 0 5 27 2 191
8/25/98 164.18 0 0 0 41 83 0 13 18 1 156
8/26/98 167.19 0 0 0 38 51 C 10 25 0 124
8/27/98 160.91 0 0 0 44 32 1 6 32 2 117
8/28/98 170.03 0 0 0 32 42 0 13 60 4 151
8/29/98 182.61 0 0 0 18 30 0 18 28 5 99
8/30/98 158.20 0 0 0 8 19 2 19 105 ] 158
8/31/98 155.92 o 0 0 8 15 1 11 5 1 41
9/1/98 164.58 0 o ¢ 15 21 0 15 1 4 56
9/2198 169.70 0 0 0 ) 13 0 24 20 3 66
9/3/98 164.34 0 0 0 26 15 0 13 20 1 75
9/4/98 163.82 0 0 0 65 25 0 9 5 4 108
9/5/98 149.97 G 0 0 96 57 0 7 6 0 166
9/6/98 154.25 0 ¢ 0 55 76 0 0 0 139
977198 1683.71 0 a 0 48 120 0 20 15 3 206
9/8/98 163.69 0 0 0 23 56 0 10 13 0 102

. 9/9/68 162,84 a 0 0 24 24 0 12 15 1 76
Totals 15,556.28 408 190 3545 2196 1,306 980 865 760 206 10,256
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