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Fi sh Behavi or Measured by a Tracki ng Radar-Type Acoustic
Transducer near Hydroel ectric Dans

Abstr act

Recent studies of fish behavior around hydroel ectric dans have
used acoustics with split-beam net hodol ogy. A conpl enentary
met hodol ogy call ed the tracking transducer takes advant age of
split-beam capabilities for expanding fish behavior

i nvesti gations.

In a fixed deploynent, the transducer remains static while fish
nmove through the beam Transducers nounted on rotators all ow
expansi on of spatial coverage, but tracking is still limted for
individual fish. In this study we applied the principle of
tracking radar, aligning the antenna beamaxis with a target,

wi th an acoustic transducer and dual -axis rotators to track

i ndi vidual fish over |onger periods of tinme. Deviation of the
target fromthe beam axis produces a correction to point the axis
toward the target. At the sane tinme data regarding the fish
position and novenent, and acoustic size are recorded to hard

di sk. Individual fish tracks are visualized in Aut oCAD

Tracks at |ce Harbor Dam Snake River in 1995 showed that fish
were drawn into the bypass sl uiceway when it operated, and that
the depth of fish, as they approached the dam determ ned turbine
entrainment. In 1996, at The Dalles Dam Col unbia River the

tracki ng transducer showed that fish trajectories were steeper



into turbine intakes when occlusion plates were installed in
front of the intakes. The study of fish behavior around spillway
overflow weirs at John Day Dam Col unbia River, showed that as
near-surface fish approached the weirs they sounded and attenpted
to nove away fromthe spillway. In general, however, nost fish
tended to follow stream ines of flow, except later in the season

when non-sal noni d speci es were present.

In conclusion, the tracking split-beamoffers the possibility of
providing internmediate track | engths and detail ed behavi oral
information of individual fish in the near-dam forebay hydraulic
environnment. This shoul d be another val uable tool to assist in

eval uation of fish bypass or collection facilities.



| nt roducti on

Since the early 1980s acoustical systens have been applied to
study the behavior of fish near and around hydroel ectric power
pl ants (Thorne and Johnson 1993). In nost cases, a transducer, or
a series of transducers are deployed in fixed positions and ai ned
at a predetermned angle to nmaxi m ze the transducer beam pattern

within a defined area of concern.

In the usual fixed deploynment, the transducer remains in a static
position while fish nove through the beam The static position of
the transducer limts the amount of information describing the

direction of novenent and behavi or of fish.

The principle of tracking radar, aligning the antenna beam axi s
with a target, has been applied with an acoustic transducer for
tracking fish targets. Little civilian application of tracking
radar principles has been applied in hydroacoustics, although
nmonopul se (nmeani ng an estimate per transm ssion pul se) or
tracki ng radars have been widely used for tracking aircraft.
Previ ous acoustic work includes a phase steered array conposed of
many el ements, which is very conplicated and expensive (Jaffe
1995). CQur approach was relatively sinple: control of the aimof

the transducer is acconplished wwth a PC and encl osed



(wat er proof) stepper notors. The new result is called the

tracki ng transducer

Monopul se radar principles have been well established (Shernman
1984). Deviation of the target fromthe beam axis produces a
correction that is applied to drive the target toward the axis.
The earliest tracking radars were conical scanners. Present day
tracki ng radars use nonopul se or sinmultaneous |obing. By
definition, nonopul se systens estinmate target paraneters with a
single pulse. A split-beamtransducer is an exanple of an

acousti c nonopul se devi ce.

A split-beam transducer was attached to a dual -axis rotator
systemto track fish targets in the sane way that nonopul se
radars track aircraft. Tracking sonar is useful in determning
direction of fish travel. Mreover, the nechanical system all ows
a considerabl e expansion in traditional sanpling volune. Data
fromtracking sonar are nore easily quantifiable than sector
scanni ng sonar results because of our understanding of scientific

quality split-beam echosounders.

The fish behavior studies determ ned direction, velocity, path,
and vertical and horizontal placenment of fish wthin the water
colum in front of turbines and spillways. Fish behavior was

determ ned by actively tracking fish wth an acoustic transducer



and recording their positions and acoustic sizes over the tine
period they could be “locked on to”. This devel opnent is an
extensi on of split-beam nethodol ogy (MacLennan and Si monds

1992) .

The first application of the tracking sonar, at |Ice Harbor Dam on
the Snake R ver (Figure 1), denonstrated the advantage of

enpl oying notor-controll ed transducers in acoustic surveys of
fish behavior in the vicinity of fish bypass systens (Bi oSonics
1996) . Buil di ng upon that experience, the system was depl oyed at
The Dal |l es Dam on the Col unbia River near turbine intake

occl usion structures (BioSonics 1997a). Two tracking systens
were recently used to determne fish reactions in response to
installation of spillway overflow weirs at John Day Dam In

addi tion, success has been nade to track acoustic tags, with the
prom se of future usefulness in determ ning fish behavior

(Johnson et al. 1998).



Met hods

The output of the split-beam echosounder provides information on
the fish location. 1In general, a split-beamtransducer is
electrically divided into two orthogonal sets of paired
receivers. An acoustic signal is transmtted and reflected from
a fish. This echo encounters the two sets of receiving el enents
allowing the direction of arrival of an echo to be determ ned.

An acoustic wave front propagating towards the transducer arrives
at different tinmes at the four quadrants causing the phase angle
of the electrical output signal fromthe receivers to differ.

One angle (often called al ongships) is determned fromthe

el ectrical phase difference between one set of receiving

el emrents, and a second angle (athwartships) is estimated fromthe

ort hogonal el enents (MacLennan and Si nmonds 1992).

These phase angles in the formof a tel egramcan be outputted via
a serial port of an acquisition PC (which is connected to the
split-beam echosounder) to a second PC. The tel egram contains

si ngl e-echo detections for one ping: header, tinme tag, nunber of
single echo detections, depth (neters), conpensated target
strength (the estimated acoustic size of the fish, referred to as
TS in dB), alongships angle (degrees), and at hwartshi ps angle
(degrees). The second PC containing tracking control software

captures the telegram The transducer is installed in a two-axis



aimng armature rotated by hi gh-speed stepper notors that are
controll ed by the second conputer receiving the echosounder
directional signals. The stepper notor control software receives
t he al ongshi ps and at hwart shi ps angl e neasurenents and then
actuates the stepper notors to keep the nmain axis of the
transducer beam ai med on the target, thereby tracking the target
(Figure 2). Software had the capability to "lock on" fish targets
and "radar track" their trajectories while continually changing

the transducer angle to intercept the fish.

The operation of the tracking transducer is sinple: center the
fish on the acoustic axis, and then followits path while

measuring its acoustic size. To acconplish this, the split-beam

phase angles, y (alongship) and ¢ (athwartship) needed to be

conpensated by the stepper notor angles 8 and ¢ (Figure 2).

The foll owm ng mat hemati cal anal ysis assunes an absol ute
coordi nate system (x, y, z). The x-axis runs along the damto the
right when facing away fromthe dam the y-axis points up, and

the z-axis points away fromthe dam Let the unit vectors in the

absol ute coordi nate system be T, f, and k. Then unit vectors of
the rotated coordi nate system (& n, and () of the transducer are:
e, =cosfi —sin@sin g —sin Gcos ¢k

e,= cos@| - sin gk (1)

. ~ . o~ ~
e, =sindi +cosfsin ¢] +cos &os ¢k



The unit vector to a fish target is approxi mately:

e,=sinye, -sinye, —\/1—sin2 y —sin® ye, (2)
In terns of the stepper notor coordinate systemthe unit vector

to the fish is:

e, = (cosesinz// +sin0\/1—sin2 y —sin? z//)F

0

+(—sinesinqosinw +C0oS gsin y +cos &in qg/l—sin2 y-sin® l,)/jA (3)

+ (—sinecosqosinw —sin gsin y +cos &os gdl -sin® y-sin® 4)/I2

The new stepper notor angles required to follow the fish are:

g = sin‘l(cosesinz// +sin 3\/1—sin2 y —sin? gl/)

. _tan_l(—sinesinqosin(// +Cos gsin y +cos &n qdl—sin2 y-sin’ ﬁ (4)
—-sindcos@sin ¢ —sin gsin y +cos &os qdl—sin2 y-sin®

| ce Harbor Dam Spring and Sumrer 1995

Much of the nethodol ogy was devel oped for the tracking transducer
in the Ice Harbor snolt behavior study. The fish behavior study
required the know edge of direction, velocity, path, and verti cal
and horizontal placenment of fish within the water colum in a 15
mradius in front of the sluiceway collectors. The sl uiceway

sl ots were mani pul ated by being either open or closed.



The tracking transducer system consisted of a PC-controlled 120
kHz Sinrad EY 500 split-beamfisheries echosounder and split-beam
transducer, a second PC with Keithley-Mtrabyte dual -axis
controller board, interface with stepper notor drivers and limt
switch detection hardware, and an underwater armature using two

Superior stepper notors.

The tracking transducer was | ocated about 10 neters bel ow t he
surface at turbine unit 4B and at the edge of the 1.8 mvertica
slot (Figure 3). This seven degree (full beamm dth at half power)
circular split-beamtransducer was used to nonitor behavior in

front of the sluiceway and slot at unit 4.

During operation, the transducer rotator angles were reset every
10 mnutes to point in a specific direction systematically
chosen. The echosounder was operated at approxi mately ten pings
per second. However, because of inability to control pinging by
the stepper notor conputer and the stepper notor novenent, i.e.
the desire to only nove w thout conprom sing accurate position
estimation, every other ping was discounted, and as a result the
effective operation used 5 pings per second. As the system
tracked targets, the transducer noved to point toward the | ast
target position. Wen a target was | ost, the transducer did not
nmove until a new target was acquired, or it was reset at the end

of 10 m nut es.
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Target selection and tracking was controlled by a nunber of
paraneters. The selection paraneters include initial target
position and returned signal strength. The range of conpensated
target strength in which the system woul d select a new target to
track was -60 dB to -30 dB. Once selected, the target's signal
strength on subsequent pings was ignored. The target range
criterion originally was a m ni mum di stance (radius) fromthe
transducer, between 1.0 and 15.0 neters. Targets outside this
range woul d not be selected for tracking. The position criterion
was changed on 6 June to Cartesian (X, VY,2Z) limts, in order to
better define the survey volune, which were: along dam -20.0 to
20.0 neters; away fromdam -2.0 to 23.0 neters; and up/down, -
15.0 to 10.0 neters. Positive values are right (approximately to
the south), away (upstream approxinmately east), and up,
respectively. Once selected, a target was tracked until |ost or

physical tracking limts were reached.

Tracki ng paranmeters were used to define tracking errors. |If the
target density was too high, the systemwas unable to tell which
target matched the one tracked on the previous ping. |If the
second cl osest target was less than three tinmes as far away as
the first choice, the track was ended. |If the speed of the
tracked target was greater than 2.0 neters/sec, the track was

ended. If a target could be tracked imediately follow ng the

11



end of the previous track, a mark was added the file to show that
t he best possible target continued to be tracked. The data were

i nspected manually at those marks to nake the determnation if it
was a newtarget. In later studies, at other |ocations, tracking
paraneters evolved, as the tracking system becane better

under st ood.

O her tracking inconsistencies were possible due to irregul ar
system operation or errors. |If there was nore than 1.0 second
bet ween pings, a track was nmarked as ended. |If there were two
pings at the sanme tine (due to the Iimted precision of the EY500
sonar tine tags), the track was marked as ended. As with the
other tracking errors, these points in the data were exam ned
manual |y if necessary to determ ne what occurred. Files were
filtered for a mninumof 5 pings per track, and the resulting
files were exam ned nanually for tracking errors, date

i nconsi stenci es and system positioning errors.

A conbined file was nmanually divided into separate files based on
the time ranges that the sluice gate was open or closed. These
files were used to generate 1GES files (.1GS extension) for

Aut oCAD plotting and statistics files (*.STA) extension. The | CES
format is a standard CAD draw ng exchange format used to transfer
drawi ngs between different CAD prograns. The three-di nensi onal

*IGS file data were then read by Aut oCAD and exam ned in various

12



orientations. To mark target direction for nonochrone plots,
tracks end with a reference synbol. Reference lines of 1 neter
are provided on the X, Y, and Z axes, with the origin at the face

of the transducer.

The Dall es Dam Spring and Summer 1996

The application of the tracking transducer at The Dal |l es Dam was
intended for determning fish trajectory as affected by
mani pul ations of flowin front of turbine and sl uiceway intakes.
The Dalles Damturbine gallery is divided into two sections, the
greatest being the main units and the other two downstreamfish
units. The study focused on two |ocations: |location 1 between
Fish Unit (FU 2-2 and Main Unit (MJ) 1-1, and |ocation 2 between
and Main Unit 2-3 and Main Unit 3-1. The tracking transducer was
positioned on the piernose face at a depth of 9.5 mat location 1
and at a depth of 10.5 mat location 2. Location 1 was sanpl ed
during the “spring” study, and |l ocation 2 was sanpled during both
the spring and summer studies. Figure 4 shows a three-di nensional
view of the transducer at location 1 in relation to the fish unit

and main unit structures, and location 2 was siml ar.

The Dall es Dam experinment’s intention was to create a zone of

transition by covering the top half of the turbine entrance so

that fish mght avoid entering turbines. Data fromthe tracking

13



transducer were categorized into periods of turbine occlusion
(upper half occluded versus conpl etely open turbine entrances),
by time period (spring or sunmer and day or night), by |ocation
(location 1 between FU 2-2 and MJ 1 or | ocation 2 between MJ 2-3
and MJ 3-1), and by three different target strength intervals (-
55 to -45 dB, -45 to -35 dB and above -35 dB). Location 1 was
further bl ocked into data in front of the fish unit and data in
front of the main unit. Data were bl ocked into day and ni ght
periods. The begi nning of day and night was taken from a conputer
program for sunrise and sunset, from Astronony, April 1984, pp.

75-77.

The range of conpensated target strength in which the system
woul d select a newtarget to track was -55 dB to -30 dB. Once
sel ected, the target's signal strength on subsequent pings was
ignored. The target range criterion originally was a m ni mum

di stance (radius) fromthe transducer, between 1.0 and 15.0
meters. Targets outside this range would not be selected for
tracking. The position criteria also included Cartesian (XY, 2)
l[imts, which were: along dam -20.0 to 20.0 neters; away from

dam -2.0 to 23.0 neters; and up/down, -15.0 to 10.0 neters.

Positive values are right (approximtely to the east), away

(upstream approximately north), and up, respectively. Once

selected, a target was tracked until |ost or physical tracking

14



l[imts were reached. In practice, the volune sanpled was Iimted
to a 12 mradius around the transducer, at which distance the -
17.5 dB (one way) sidel obes of the transducer encountered the

surf ace.

Tracki ng paranmeters were used to define tracking errors. |If the
target density was too high, the systemwas unable to tell which
target matched the one tracked on the previous ping. |If the
second cl osest target was less than three tinmes as far away as
the first choice, the track was ended. |If the speed of the
tracked target was greater than 4.0 neters/sec, the track was
ended. If a target could be tracked imediately follow ng the
end of the previous track, a mark was added to the file to show

that the best possible target continued to be tracked.

During operation, the transducer angles were systematically set
to a new random zed pointing direction every 10 m nutes. The
split-beam echosounder was again operated effectively at 5 pings

per second.

John Day Dam Spring and Sumrer 1997

Overflow weirs were placed into spillways 18 and 19 as an

experinent to attract fish to surface flows at the spillways and

to hopefully prevent themfromentering turbines. The fish

15



behavi or study determ ned direction, velocity, path, and verti cal
and horizontal placenent of fish within the water colum in front
of these spillways. Two Bi oSonics 420 kHz DT6000 split-beam
systens were used for the tracking systens to determ ne travel
routes and velocities of fish wthin roughly 15 nmeters of the
spillway weirs. The tracking systens were | owered about 18 neters
bel ow the surface, resting on the spillway ogee bel ow anti ci pat ed
fish passage routes. The BioSonics circular split-beam
transducers transmt a six degree beam (full beamm dth at half
power) with -30 dB sidel obes (one way). Three clear advances were
made over the two previous studies in preparing the tracking
transducer system for the John Day study. First, the serial link
bet ween the rotator control conputer and echosounder control
conputer was used to control the pinging of the echosounder. This
increased ping rate capability and thus tracking capability by a
factor of two. Second, predictive fish follow ng was added to the

rotator control program The algorithm predicted increnenta

nmovenent in Ax, Ay and Az separately using the follow ng

equation (shown for Ax):

(% —x0) +05(x., =x_,) +025(x , —x5) +0125(x 5 -x )

AX =
X 1875

(5)

Third, the 420 kHz signals are quieter than those at 120 kHz and
t he beam had much | ower si del obes all ow ng better perfornmance

near structures.
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The tracking transducer’s primary duty is to follow individual

fish. The resulting data are neasured or apparent fish positions

fromwhich velocity vectors, V , can be estimated as the
apparent

change in position divided by the change in tine. is the

V.
apparent

sum of the water velocity, V , and the “real” fish vector
water

(i.e. fish effort vector), The rel ationship is defined as

Veffort '

Vapparent :Veffort +Vwater '

fromwhich the fish effort vector can be estimted as

Veffort :Vapparent “Vivater

The x, y, and z conponents of the fish effort vector follow

Vx, effort :Vx, apparent _Vx, water ’

Vy, effort :Vy, apparent _Vy, water ’ and

Vz, effort :Vz, apparent _Vz, water
Wat er velocity was neasured at various stations in a physical
nodel the John Day Dam | ocated at the Waterways Experi nent
Station, Vicksburg, Ms. It has 3 full bays (and an additional one
hal f on each side). Velocities were estinmated with and w t hout
bul kheads (weirs) in bays 18 and 19 at a pool elevation of 264.0
ft, and stop openings (left toright) 2, 6, 6, 2, 2. However, the

st op openi ng shoul d have been 3, 4.5, 4.5, 6 and 7 | ooking

17



downstream |l eft to right. Therefore, the velocity neasurenents at

spillbay 18 and 19 were corrected by multiplying by 4.5/ 6.
Because the nodel data were taken at spillbay 18, their mrror
i mge was used for spillbay 19 velocity estimtes. Sanple
measurenents were then extrapolated to estinmate the water
velocity vector at a particular fish position in three-

di nensi onal space.
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Resul ts

In addition to tabul ated and descriptive results, fish tracks at
all locations were graphically exam ned in three di mensi ons using

Aut oCAD, and exanple figures are presented for the John Day Dam

| ce Har bor Dam

The system was nonitored for several weeks, from 26 May until 20
June. The nunbers of fish tracked with five pings or nore were
424 when the sluiceway was off and 466 fish when the sl uiceway

was on.

Tabl e 1 presents averages of fish tracking data organi zed by

sl ui ceway condition and in three depth ranges: 0-5m 5-10m and
greater than 10 m Statistics averaged were 1) speed, 2) tine
tracked, 3) distance tracked, 4) velocity factor, 5) depth, 6)

target strength, and 7) unit direction vectors.

Average fish speeds were the sane in the two sluice conditions,
0.6 ms. However in the sluice on condition, speed was highest in
t he upper water colum (0-5 n) and higher than the sluice off
condition (0.8 versus 0.7 m's). The velocity factor showed that
the fish nmeandered nore at the surface (0-5 mdepths), and this

behavi or was apparent in the Aut oCAD representations.
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The nost striking feature of the average statistics is that the
conponent of the unit vector in the upper water colum was -0.4
for the sluice off condition and +0.1 for the sluice on
condition. This represents a significant downward novenent of
fish in 0-5 mdepths when the sluiceway was closed. In addition
t here was higher toward sluiceway novenment (Y conponent of the
unit vector) when the sluiceway was open (-1.0 versus -0.9) in
the upper water columm. It is interesting to note that at the
end of the study, i.e. after June 16, there is slight downward
movenent of fish in the 0-5 mdepths (Table 1) when the sluice

was on.

Fish below 5 m depth showed a downward novenent regardl ess of

sl ui ceway condition. The average downward novenent was only

Z

slightly I ess when the sluice was on in both the 5-10 m depths (-

0.79 versus -0.90) and 10+ m (-0.66 versus -0.78).
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The Dal | es Dam

Vector statistics were generated from3m (depth) x 3m (normal to
dam face) x data bl ock (w dth) volunes. These data corresponded
to the data bl ocks: by occlusion plate installation, by diel
period, by target strength, by |ocation, and by study period
(spring versus sumer). A mninmumof three fish tracks was

requi red before an average vector was estinmated for any bl ock.
Vector plots and vector statistics were nmade to correspond to

vol unme bl ocked.

I n general, when occlusion plates were renoved fish tracks and
vectors were nore horizontal and toward the damin the vicinity
of turbine intakes. Wien the plates were installed fish travel ed
in a nore vertical and downward direction into the turbine

i ntakes. There was little evidence that near-to-damfish were
able to avoid downward trajectory when occlusion plates were
installed. In md-May, fish entered the sluiceway with greater
velocity during the daytinme than at night. Ancillary data

(Bi oSoni cs 1997b) showed that daytime sluiceway entrainment was

significantly higher than at night.

A strong down-river conponent was found at all depths. This

downst ream conponent was strongest at |ocation 2, between nmain

units 2 and 3. Movenent was strongest at the deeper depths. The
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4.5 mand 7.5 mdeep blocks (3mto 9 mdepths) appear to have the
smal | est magni t ude downstream conponent. As fish approach the dam
t hey appear to make nore effort to avoid the dam Fish in the 3 m
to 12 mdepths al so appeared to have snal |l er approach velocities.
These observations suggest a zone of transition between fish in
the upper 3 neters and those in deeper depths. One hypothesis is
that fish in the upper 3 neters are easily able to enter the
sluiceway, while a transition zone exists fromroughly 3 to 9
meters fromwhich fish my be drawn bel ow or escape into the

upper |evel.

Larger fish appear to be nore able to nove agai nst the flow,
shown for those fish with average TS greater than -35 dB, even in
close proximty to the turbine intake. Smaller acoustically sized
fish entered the sluiceways, fish units, and main units. Sone
fraction of these smaller acoustically sized fish probably

avoi ded entrai nnment entirely, passing downstreamtoward

spi | | ways.

There was nore downstream novenent in the upper 6 neters at the
second | ocation upstreamof the fish units. Al though there was

consi derabl e tenporal separation in the data, one interpretation
of this finding is that fish passing by the main units are nore

likely to enter the fish units’ sluiceway or fish units.
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John Day Dam

The novenent or trajectory of fish upstream of spillbays 18 and
19 was anal yzed by plots of apparent fish novenent, and
partitioned by day and night as well as weir in and weir out
(Figure 5). Plots of fish effort vectors were al so exam ned for
weir in and weir out conditions. Summary statistics were nade by
spatially blocking the data into 3m x 3m cross-sectional vol unes.
The study was divided into three periods: spring (May 5 to June
6), summer (June 7 to July 11) and extension (July 12 to July

24), 1997.

The tracking transducer recorded apparent fish novenent that
represents the sum of water-induced notion (water velocity) and
the fish’s swi nm ng novenent (fish effort). Thus, apparent
novenent is governed in part by fish behavior. Tables 2 and 3
present summary statistics for fish tracks for conbi ned day and
ni ght periods for the 2 locations and for the weir in-out

condi ti ons.

Fish velocities toward the spillway were largest in the spring
and considerably less in sunmer and extension periods. Fish were
di stributed higher in the water columm during the spring. They
tended to be higher in the water colum in the weir in condition

than in the weir out condition during the spring and sumer. Fish
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nmovenent had greater toward surface conponents during the spring
and sumer. During the spring there was a |arger toward
Washi ngt on-si de novenent in both weir in and out conditions, but
only spillbay 19 data showed this tendency during the sunmer

peri od.

Tabl e 3 shows that the nunmber of fish tracked (normalized by the
hours of system operation) was influenced by the weir placenent.
During the spring the nunber tracked per hour was hi ghest with
the weir in place. However, the nunmber tracked per hour was |ess
with the weir in during the sumer. During the spring and sunmer
70-80% of the fish were noving toward the spillway regardl ess of
weir placement. In both periods the percentage in the upper water
colum was higher with the weir in, but highest percentage in
spring. The longest track was 27 m during the extension period.
Figure 6 shows the average fish apparent and effort vectors
(after subtracting water velocity from apparent velocity) in 3mx
3 mblocks in transverse section at spillbays 18 and 19 for the
spring period. Fish noved downward and away fromthe weir in the
upper water, with some indication of noving with flow close to
the weir. Fish appeared to try to nove away fromthe spillway
within 9 mof the weir slot (weir renoved) and, farther away, to
actively swmtoward the dam In both the summer and extension

periods fish also noved dowmmward and away fromthe dam near the
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surface al though with nore neandering farther away fromthe dam

and |l ess active swinmmng toward the dam

Fish were distributed at all depths within the set range limt of
the tracking transducer systens, roughly 25 neters upstream of
the pier nose face. The effect of the fl ow downstreamtoward
spil | bays on apparent fish novenent appeared fairly consistent
with di stance upstream in the spring and summer periods, when
novenent downstreamis prevalent. |In the extension period
however, fish appeared to be mlling. The fish effort vectors
showed that the fish noved nore actively away fromthe damin the
extension period than in spring and sunmer, thus hol ding
position. The extension period may include |arger non-sal nonid
speci es capable of noving against flowin front of the spillbays.
The fish track plots fromthe three periods indicated fish
vertical distribution is generally unaffected by day and ni ght
condi ti ons, however fish novenent appears nore notivated during

the day, and nore aligned with stream|ines at night.
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Di scussi on
The tracking transducer nethodol ogy offers a way to “see” fish
novenent over |onger periods of tinme than with conventi onal
met hods. Sone track |engths at the John Day Dam were nearly 30m
These ki nds of close range data woul d be inpossible to acquire
with conventional fixed systens.
The tracking limtations of the tracking sonar are based in
st epper notor angul ar velocity, the ping rate of the split-beam
sounder, the fish speed, and the detection |imts of the split-
beam transducer. The Sinrad transducer was limted by a maxi num
one way gain conpensation of 6 dB and thus about +4.95 degrees of
beamnm dt h. The Bi oSoni cs transducer had slightly |arger aperture
(5.7 degrees) and was constrai ned by phase “w ap-around”.
Pinging at five pings per second, the maxi mumfish novenent and
thus angular tracking rate is 25 degrees per second, assum ng the
target is initially on-axis. The recent advance to 10 pings per
second i ncreases angul ar tracking speed by two (about 50 degrees
per second).
The stepper notor control software used a weighted prediction. It
recei ves the al ongshi ps angle, and athwartshi ps angl e
measurenents then prograns the stepper notors to keep the main
axis of the transducer beam ained on the target, thereby tracking
the target. Future application can use other predictive trackers

such as Kalman filtering (Beard et al. 1994). Predictive tracking
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i ncreased the capability to track fish behavior, both |engthening
recorded tracks and allow ng faster speeds to be recorded.

A tracking transducer system can provide many benefits over the
conventional fixed-beamtransducer system The ability to track
fish as they nove through the water while centering the fish on
the acoustic axis, can provide specific information regarding the
fish behavior and target strength. This ability to continuously
track fish can be applied toward many research and managenent
applications. Sone exanples include separating |arge prey from
baitfish, predator/prey interaction studies, direction of
novenent near and around structures (oil platforms), riverine
enuneration studies, as well as behavioral studies around
structures such as hydroel ectric dans and natural and artificial
reefs.

At Ice Harbor Dams 4B sluiceway and 6 w de vertical slot
configuration, the tracking transducer showed that fish neandered
at the surface but did so | ess and approached the sl ot when the
sl ui ceway was open. This was true in the upper 5 mof water.
Below 5 mthere is significant novenent into the turbine intakes.
The tracking transducer shows advantages over fixed systens (for
exanpl e Ransom and Quel |l ette 1988) for behavi or observation. They
suggested that fish were found in depths of 1 to 2 mwhile we
show fish are distributed down to and past the |evel of the
turbine intake at |Ice Harbor Dam The tracking transducer data

conpare well with the present nobile survey data that found an
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abundance of fish in the 4-5 m depths (BioSonics 1997b). This new
t ool suggests that the fish behavior is to nove into the sluice
as long as the fish remain above 5 m Hydrodynam c theory
suggests that stream ines present in the upper 5 mnear dam may
be shall ower away fromthe dam Thus fish found at 4-5 mcould be
entrained if they are passive and do not nove to the upper
streanl i nes.

At the Dalles Dam the tracking transducer performed best in
deeper depths. As a result there were |less data for fish
traveling at depths shallower than the bottom of the sl uiceway
intake. This was especially true during sanpling at the second

| ocati on between nmain units 2 and 3. The majority of fish tracks
were taken just below the |evel of the sluiceway intake at

| ocation 2. Near-surface noi se was one reason for the smaller
nunber of fish tracks close to the surface. Transducers with | ow
si del obes shoul d be used in future studies in simlar acoustic
noi se backgrounds, for exanple at John Day Dam Recently (August
1998) the predictive tracking al gorithm has been extended several
pings into the future. Adult salnon were tracked with tracks
nearly 50 mlong froma fixed barge on the Fraser River.
Currently, the systemhas the capability of tracking a single
fish over a time period. In the future, it is hoped that nore
than one fish can be tracked by utilizing predictive tracking and
t aki ng advantage of the extrenely high speed of the stepper notor

system The tracking transducer can nove in excess of 140 degrees
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per second. One half of a hem spherical volunme can be scanned in
| ess than 10 seconds with a ping rate of 10 pings per second.
Much of the 1995 behavioral study effort at |ce Harbor Dam was
spent on devel oping the tracking split-beamsystem |t becane

i mredi ately apparent that the approach offered considerable
advantages. In particular, the tracking split-beamsystemoffers
the potential to bridge the gap between radi o tracking and
conventional fixed |ocation acoustics. Radio tracking provides

| ong tracks of fish novenment. However, because of the effort and
cost involved the sanple size is small. Conventional fixed

| ocati on acoustics provide detailed information on relative rates
of passage at specific points, with very |arge sanple sizes.
However, it is apparent fromthe observed mlling behavior, the
hori zontal differences in both abundance and di el behavi oral
patterns, and other intriguing diel patterns of fish passage,

t hat the approaches and near-field behavior can be conpl ex, and

t hat behavior may provide critically inportant information with
regard to the effectiveness of surface biological collectors.
Non-tracki ng split-beam systens can provide directiona
information, but only over the sanme |limted di nmensions as
conventional fixed-location acoustics. In contrast, tracking
split-beamoffers the possibility of providing internediate track
| engt hs, and especially, detailed behavioral information in the
near field, that is not only valuable in its own right, but can

consi derably enhance the value of the radio tracking and
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conventional fixed location information. W al so successfully
tracked 200 kHz acoustic tags with the tracking transducer
(Johnson et al. 1998) and this new capability should be val uabl e
in augnenting the array of tools to study and eval uate fish

bypass facilities.
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